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ABSTRACT

Character Recognition tasks requires large set of reliable
dataset to apply recognition algorithms and generate efficient
models out of them. In case of Nepali language, no such
character dataset exists for character recognition research, at
least in the public domain. Nepali language has 36 consonant
characters, 12 vowels character and each vowel character can
modify each consonant characters. In this regard, there can be
total of 446 characters including Nepali numeric characters.
So, manually creating dataset for Nepali characters requires
tons of effort, cost and time. In this paper, an elegant way of
creating Nepali character dataset using semi-supervised
clustering approach is described which minimizes effort and
time.

Also, optimization is done on existing segmentation algorithm
[1] to segment Nepali characters for both handwritten and
scanned Nepali text. Complex features are extracted from
these segmented characters by applying Discrete Cosine
Transform and Wavelet transform. Thus, these extracted
features are used to create database of Nepali characters using
phash and k-means cluster. Presently, the database contains
38,493 characters distributed among 52 different clusters.
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1. INTRODUCTION

Most of the people encounter various text scripts around the
world each of them with unique features. Some are written
from left to right and some from top to bottom. Among, them
Nepali language is our interest as it is official language of
Nepal. Nepali language is similar to Devanagari scripts like
Bengali and Hindi which contains straight line on top of
words. Characters in a single word have a connected headline,
where as different words in a sentence have disconnected
headline [1]. So, these connected headline make it
complicated to segment word and get resulting individual
characters. The techniques devised for other language doesn't
work well in case of Nepali text [2] [7]. More over,
segmentation techniques used in printed Devanagari script
doesn't perform well in case of handwritten Nepali script [3].
So, to create dataset to include all these variations would take
lots of time and resource. In addition, the resulting database
created manually would not be efficient to be used as
benchmarking dataset.

The objective of this paper is two-fold. One is to give a
general algorithm for Nepali character segmentation for both
printed and handwritten texts. Another is to use this general
segmentation algorithms for clustering purpose. To meet these

objectives, around 100 pages of both printed and handwritten
Nepali text were collected. To the best of our information, no
standard dataset is available - at least in public domain - for
benchmark studies for Nepali script based document
recognition. Unfortunately, research groups in Nepali script
recognition have paid very little attention to the importance of
standard dataset. In most of the cases [4] [5], they tested their
algorithms on manually generated dataset or on
unprofessionally collected samples. This might be a reason for
very limited progress in Nepali script recognition as compared
to other languages. Thus to overcome this shortcoming, this
approach of automated Nepali character database creation
would be ideal choice.

This paper describes segmentation algorithm, along with the
challenges in section 2. Then it presents feature definition,
extraction process, image hashing and clustering ensemble
details in section 3, experimentation description in section 4
and conclusion in section 5.

2. THE SEGMENTAION
2.1 Nepali Character Set

Nepali language is similar to Devanagari scripts like Bengali
and Hindi which contains straight line on top of words.
Characters in a single word have a connected headline, where
as different words in a sentence have disconnected headline
and has no lower case and upper case identification. Nepali
language possesses the basic character set with vowels and
consonants, and that vowels act as modifiers when combined
with consonants.

Examples:
Vowels

¥y WM s 5 3 F U U O3 o3

Consonants
d O T v 9 & 9 A U 9 % d &

E)

Modifiers

o 3N ™ ¥

Modifiers with Consonants
w TR F oF F K oA &
&

N

Nepali scripts has a horizontal line, which connects all the
characters. This connector is called 'Shirorekha' or headline.
Based on the horizontal lines, Nepali scripts can be divided
into three zones: top zone, core zone and bottom zone. The
core and top zone are separated by the header line. Figure 1
shows the image of a word that contains four characters with
both lower and upper modifiers.
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Upper modifiers Top zone

Lower modifier Bottom zone

Figure 1 : Different zones of Nepali Word

2.2 Ilustration of Segmentation Process

qTerar A fefar |
TR AT o1k Tl I
TRAT Ferdl Tap ¥ foFrar Afera

Stage I) Multi lines documents are broken into individual
lines based on the top zone and bottom zone of each line.

Stage II) After fragmenting into individual lines, each words
are segmented from that line

Stage III) For each word, top zone, core zone and bottom
zone is identified.

Dol

Stage IV) Top and bottom modifiers are removed. Also,
header line is removed.

el
Stage V) Individual characters are extracted based on

segmentation lines

Figure 2 : Illustration of Nepali Character Segmentation
Process

From the above illustration, the hierarchy of algorithms for
segmentation of Nepali characters from multiline documents
can be noticed. In general, following hierarchy can be defined

1. Algorithm to split multiple lines text.

2. Algorithm to split physically disconnected words in
a line.

3. Algorithm to remove top and bottom modifiers.

4.  Algorithm to split each characters.
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Considering the above in mind, implementation modules have
been designed. All the algorithms defined in this section are
applied to binarized image of Nepali text.

Algorithm 1 Row Segment : A document can have
multiple or single line of text. These lines have a starting row
and ending row boundary. The starting and ending row
marker can be identified with the following algorithm

1. Calculate the sum of each row of the document and
store it in a vector RSUM

2. Mark the starting row marker of particular line in
the documents if after series of continuous zero in
RSUM , non zero value in RSUM is found.

3. Mark the ending row marker of particular line in
step 2 if after series of continuous non zeros, zero
value in RSUM is found.

4. Go to step 2 until all RSUM is not processed.

Algorithm 2 Column Segment : After, lines are
separated using Row Segment algorithm, different words in
the line has be fragmented. Similar to Row Segment, The
starting and ending marker can be identified for words with
the following steps.

1. Calculate the sum of each column of the line and
store it in a vector CSUM .

2. Mark the starting row marker of particular word in
the line if after series of continuous zero in CSUM,
anon zero value in CSUM is found.

3. Mark the ending row marker of particular word in
step 2 if after series of continuous non zeros, zero
value in CSUM is found.

4. Go to step 2 until all CSUM is not processed.

Algorithm 3 Zone Segment : As, already describe in
section 2.1, Nepali words are divided into three zones. For
segmenting the words into these zone , at first, header line
need to be identified. Then, these zonal markers can be
marked for words with the following steps.

1. Calculate the sum of each row of word and store it
in RSUMW

2. Find the maximum value MAX in the vector
RSUMW and its associated index as MPOINT

3. Starting from MPOINT traverse until half the value
of RSUMW is greater than the current RSUMW.
Mark the this ending row index MPOINT1

4. The headline starts for the word from index
MPOINT and ends in MPOINTI. The header line
width is MPOINT - MPOINTI.

5. Find the minimum vale MIN in the vector RSUMW
and its associate index as BPOINT

6. Traverse RSUMW in the reverse order until the
value of RSUMW is equal to BPOINT. If such
values exists replace BPOINT with current index of
RSUMW.

7. The zone above MPOINT is upper zone, the zone
below the BPOINT is lower zone and the zone
between MPOINTI and BPOINT is core zone.
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Algorithm 4 Character Segment : Extraction of core
zone is done using Algorithm 3, and upper and lower
modifiers have been removed using Algorithm 2. Now, for
segmenting these set of characters, identification of the
markers which separate them from each other should be done.
The starting and ending character markers can be identified
using Algorithm 1. To segment fused Nepali characters,
Multi-Factorial Analysis [9] and Collapsed Horizontal
Projection [5] [8] is used.

1. Calculate the sum of each column of the line and
store it in a vector CSUMW .

2. Mark the starting row marker of particular word in
the line if after series of continuous zero in
CSUMW , as anon zero value in CSUMW is found.

3. Mark the ending row marker of particular word in
step 2 if after series of continuous non zeros, zero
value in CSUMW is found.

4. Goto step 2 until all CSUMW is not processed.
2.3 Challenges

During Nepali character segmentation process as described
above, most of the characters are properly segmented
characters. So, some of the characters were segmented from
conjunction resulting that consonant in half form [5]. If all
the consonants in half form are included, the cluster size
would grow and cluster accuracy would decrease. Thus, the
half form consonants are removed after segmentation process.

3. FEATURES EXTRACTION AND
CLUSTERING

In pattern recognition, a feature is an individual measurable
heuristic property of a phenomenon being observed. Choosing
discriminating and independent features is key to any pattern
recognition algorithms being successful. Different types of
numeric as well structural features are already being used in
Devanagari Character recognition [4] [6] [10] [11]. Mostly
these features are used for character recognition and will not
perform well for clustering. So, new features set is devised
for Nepali character clustering using below described
algorithms.

3.1 Features Definition

After, character segmentation, features for each character
image are extracted based on Discrete Cosine Transform
(DCT) [12], Wavelet transform [15] and image Perceptual
hashes (phash) [13] [14]. A brief definition for each feature
extraction is given below.

Definition 1 : The discrete cosine transform of a list of n
real numbers s(x), x=0, ...,n-1, is the list of length » given by:

Sy ~in C(u)z s (x Yoos EX L um (2’“”)””

whereC (uF 2 31
=1 otherwise

Definition 2 : The discrete wavelet transform (DWT) is an
implementation of the wavelet transform using a discrete set
of the wavelet scales and translations obeying some defined
rules. In other words, this transform decomposes the signal
into mutually orthogonal set of wavelets, which is the main
difference from the continuous wavelet transform (CWT), or

—0,..
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its implementation for the discrete time series sometimes
called discrete-time continuous wavelet transform (DT-CWT).

The wavelet can be constructed from a scaling function which
describes its scaling properties. The restriction that the scaling
functions must be orthogonal to its discrete translations
implies some mathematical conditions on them which are
mentioned everywhere, e.g. the dilation equation transform

x)= izw‘iakﬁ(Sx —k)

—inf

where S is a scaling factor (usually chosen as 2). Moreover,
the area between the function must be normalized and scaling
function must be orthogonal to its integer translations.

Definition 3 : Hash functions are an essential mathematical
tool that are used to translate data of arbitrary size into a fixed
sized output. There are many different kinds of these
functions, each with their own characteristics and purpose.
Perceptual hashes are another category of hashing functions
that map source data into hashes while maintaining
correlation. These types of functions allow us to make
meaningful comparisons between hashes in order to indirectly
measure the similarity between the source data.

3.2 Illustration of Features Extraction
Process

Step I) Segmented Nepali Character ( [])

=

Step II) Character Image after applying Discrete Cosine
Transform (DCT)

Step III) Character Image after applying perceptual hashing

Figure 3 : Illustration of features extraction process

3.3 Features Extraction

The character images which were collected using the
segmentation techniques are both handwritten and printed
characters. So, using Discrete Cosine Transform, features
were extracted of characters based on spectral sub-bands and
with respect to the image's visual quality. The perceptual
hashing algorithm used is combination of both DCT and 2D
wavelet transform. Following are the steps to calculate
features for each segmented character

1. Resize the segmented character to 32x32 pixels
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2. Compute the Discrete Cosine Transform (DCT) of
the image. The DCT separates the image into a
collection of frequencies and scalars.

3. Compute 2D wavelet transform of the image.
Compute standard deviation for each column and
store it in a vector V.

4. Just keep the top-left 8x8 of the DCT. The top-left
8x8 represents the lowest frequencies in the image.

5. Compute the median value.

6. Compute the hash from the DCT. Set the 64 hash
bits to 0 or 1 depending on whether each of the 64
DCT values is above or below the median value.

7. Append the hash value to the standard deviation
vector V. Now, this vector V' is feature set for each
segmented character.

3.4 Clustering

Clustering is the task of grouping a set of objects in such a
way that objects in the same group or cluster are more similar
to each other that to those in other groups. Clustering
algorithms is widely used to groups the similar objects in
many fields including Data Mining, Natural Language
Processing and Pattern Recognition. Different clustering
algorithms are used to clusters image-set and among them k-
mean is quite popular.[17] [18] . Different variants of K-
means clustering algorithm is used to make 52 clusters of
segmented images.

The features obtained after applying features extraction
algorithms is saved as weka data file format(.arff) [16]. Weka
tool is used for clustering of the images and creating resulting
dataset. During clustering phase different algorithms were
applied for clustering the characters. The results after
applying clustering algorithm are also saved to a plain text
weka format. Then a bash scripts finds the cluster label on
each line and finds the associated image. For each cluster, a
folder is maintained by the script and reading each line of the
result file associated image is moved to the cluster folder. The
distribution to each cluster folder varies on the input
documents and frequencies of each character segment. As
going through each cluster folder and checking the
classification accuracy is not an efficient method for
verification. So, to verify the accuracy of clustering algorithm,
character numbers were counted is each cluster. It was found
that folder named cluster4 had maximum numbers of
characters with 3947 and 2721 after applying EM [20] and K-
Means clustering respectively. So, cluster4 was selected for
further evaluation . After analyzing the cluster4 images, it
contained most of the character [J. Further details comparison
of different algorithms on cluster4 is show below.

Table 1. Cluster5 ( [ ) metric

Algorithms Accuracy
EM 0.9589
K-Means 0.9639

4. EXPERIMENT DESCRIPTION

For this task of creating Nepali Characters Dataset, 50 pages
of Nepali text book was scanned. In addition, 30 pages of
handwritten Nepali text were also scanned. These scanned
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text were fed to the reader module, which read the pages
sequentially. In addition, characters were extracted using the
segmentation techniques described in section 2. Then, the
segmented image and its associate extracted features are saved
in a plain text file. Also, the features obtained after applying
features extraction algorithms were processed by weka and
clustering was done.

32d11cl7 40d9c7aa 44d8de6cO 65cbbl0Od
e4c2019]1 e7e506b4 bf920efaa 8e52a528f
cOacf7214 3cf246876 eac07lea 318e0edb
f081487.p 7bbdlfé.p 7d6c0el.p 335b231.p
ng ng ng ng
D) D) A ce
c48ffObd7 cc7bcdcb9 d2f38b04c de69a67a
6c6%ee38 b3la2ea3 88a47625f 5a59167df
28f8bd6el 7843a5b8 2e6e50ab 4fd228341

e30lel.pn acd43624.p c89a3c.pn 71c004.pn
9 ng 9 9

Figure 4 : Cluster4 contents samples

Moreover, the text file containing character image
information is compared with result of clustering and grouped
according the results of clustering. The final grouped text file
is the required result as Nepali Character database. Each line
in the text file has 1026 entries separated by tab. The first
1024 fields define the pixel position and the last two are
addition hasing information. The individual characters can be
created by reading each line, converting each line into 32x32
matrix and using image display functions. All the algorithms
described in this paper is implemented in octave [19] using
Intel 4th gen i7 processor and 8 GB RAM.

5. CONCLUSIONS

The method described in this paper is useful in creating
Nepali Character dataset. It is more suitable when the dataset
creation need to be less time consuming and effective. For
creating complete Optical Character Recognition (OCR)
system, this method is not very reliable as upper and lower
modifiers are ignored in this method. But this method will
help to build a generic Nepali Character dataset and this
dataset can be used in OCR for training stage. Moreover,
using this dataset exiting Nepali OCR can improve its
accuracy. The major purpose of creation of cluster based
Nepali character dataset is to use this dataset as a training
resource for Nepali character recognition engine. Many forms
of character recognition engine and models can be prepared
using this datasets. This datasets is for those enthusiastic
researchers who want to test and build robust Nepali character
recognition engine. The development of character recognition
system and models out of this dataset is left as future
improvements.
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