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ABSTRACT

Text line segmentation is extremely important phase of OCR.
Overlapped lines, skewed lines and connected components
make the problem of line segmentation more complicated in
Gurumukhi handwritten documents. The existence of these
problems in handwritten text documents declines the
performance of OCR system. In this paper, we present a
technique to solve these problems. The proposed algorithm is
based on mid-point detection. The algorithm deals with these
problems and gives effective results 90% in case of overlapped
lines and 94% accurate results for segmentation of connected
components between neighboring lines. This paper also
provides a review on major problems in line segmentation that
decreases the accuracy of recognition system. The proposed
method has achieved 93.05% accuracy in text line
segmentation.
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1. INTRODUCTION

Segmentation is a pre-processing phase of optical character
recognition. Segmentation of offline handwritten documents is
a crucial phase in OCR process. OCR is a technique to encode
the offline handwritten as well as printed documents. Before
recognition, segmentation is performed on the scanned
handwritten documents. Results of OCR mostly depend upon
effective line segmentation. Incorrect segmentation of lines
affects the recognition. There are different scripts available to
write different languages. Different properties of languages and
variations in writing styles of different writers may complicate
the process of segmentation. Many researchers have developed
different methods to solve different problems for Gurumukhi
handwritten text documents and provide efficient results. In
this paper, we propose an algorithm to solve overlapping lines
and connected component problems in handwritten documents.
Simpel Jindal et al. [1], have proposed an algorithm based on
the concept of vertical stripes and Text blocks for segmenting
lines in Gurumukhi handwritten manuscripts. Firstly, they
found the optimal or average text block size form the division
of whole document, and then compare the average text block
with others large and small text blocks. The algorithm works
efficiently for segmenting heavily overlapping lines and
multiple skew documents. Namisha Modi, et al. [2], presented
a technique based on average line height to segment lines in
Gurumukhi  handwritten scripts. This technique works
efficiently in overlapping line segmentation with 75.78%
accuracy. Naresh Kumar Garg, et al. [3], has proposed a
technique based on cut text method (CTM).The proposed
technique uses the concept of difference between header and
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base lines for segmenting handwritten Hindi text documents.
M.K.Jindal, et al. [4],have proposed an algorithm based upon
horizontal projection profile and average line height to segment
Gurumukhi printed scripts and obtain 99% accuracy in Printed
documents. Naresh Kumar Garg, et al. [5], presented an
algorithm based upon header line and base line detection and
gives accurate results for uniform and non-uniform skewed
lines. Ashu Kumar, et al. [6], has proposed an algorithm based
upon piecewise projection profile for segmenting handwritten
Gurumukhi text. Saiprakash Palakollu, et al. [7], has proposed
the same concept of average line height and horizontal
projection profile. Row height is calculated by replacing the
rows containing pixels with black pixels. Nallapareddy
Priyanka, et al. [8], have proposed a technique based upon run
length smearing technique and solve the problem of
overlapping and touching component in different Indian
scripts.

This paper proposes an algorithm for line segmentation. The
algorithm is based on mid-point detection concept and is
implemented in two steps. In the first step, gaps between
consecutive lines are detected and find the mid-value of these
gaps to segment the lines. In the second step, connected
components and overlapped lines are detected in the given text
document. These text lines are segmented by applying mid-
detection approach.

2. PROPERTIES OF GURUMUKHI
SCRIPT

As Devnagari script is used to write different Indian language
like Hindi, Sanskrit. Similarly, Gurumukhi script is used to write
Punjabi language. Gurumukhi script is very popularly used
language of Punjab state. Gurumukhi language is the invention
of Sikh Gurus. Religious persons use Gurumukhi script to write
old manuscripts. This script is 12th widely used in the world.
Gurumukhi script uses the writing style from top to bottom and
left to right. There is no concept of case sensitive letters in
Gurumukhi script. Gurumukhi script composed of forty one
consonants, twelve vowels and three half characters. The
characters of Gurumukhi scripts are connected with the help of
header line. Many characters of Gurumukhi script have similar
features. A single word of Gurumukhi is composed of three
different zones: upper zone, middle zone and lower zone.

In Gurumukhi script, text line is partitioned in different portions.
Upper line connects the upper modifiers or upper zone
characters with middle zone. Lower line connects the lower
modifiers to the middle zone characters. Header line connects
the upper parts of different character bodies and the header line
is detected with the help of maximum black pixels. Base line
connects the lower parts of different character bodies and the
base line is detected with the help of minimum black pixels.
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Fig. 1: Different Sections of Text Line

2.1 Major Problems in Line Segmentation
Line segmentation of a handwritten or printed document is one
of the major challenges in optical character recognition. There
are various problems in the segmentation of handwritten
documents, for example, structural properties of the script,
varying writing styles of different persons and uneven spaces
between consecutive lines. In  Gurumukhi handwritten
documents, line segmentation is a complex task because of
irregularities in geometrical properties such as line height,
width, and distance in between line.

2.1.1 Overlapped lines

The problem of overlapping arises in both printed and
handwritten documents. Overlapping here means upper and
lower modifiers and characters of one line may cover the
modifiers or characters of next line. In handwritten documents,
problem of overlapping lines becomes more complex due to
presence of unequal spaces between neighboring lines.
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Fig. 2: Text Containing Overlapping Lines

2.1.2 Connected Components

Connected components implies when lower modifier of one
character connects with upper modifiers of next line. The
problem of connected components arises due to handwriting
styles of different writers.

Connected Components

Fig. 3: Text Containing Connected Components

2.1.3 Skewed Lines

Skewness present in text lines due to hasty writing of some
authors. Skew means slanting position of text line. Skewness
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may be positive, negative and non-uniform. The skewed text
makes the document analysis and segmentation more complex.
Skewness may be positive, negative and non-uniform.
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Fig. 4: Skewed Text Lines Document

3. LINE SEGMENTATION

Line segmentation is a technique to extract lines from a
scanned document. Line segmentation techniques basically
categorized into three different categories: Hough Transform

[10], Projection profiles [4, 6] and Smearing [8]. A lot of

research work carried out by various authors on Gurumukhi

handwritten documents to extract lines. In this paper, novel
approach is used to extract lines from Gurumukhi handwritten
documents and try to find the solutions of connected
components between lines, skewed lines and overlapped lines.

The proposed algorithm is based on Mid-Point Detection

concept to segment handwritten text document. Segmentation

of lines is done by analysis the gap between lines. This
algorithm effectively deals with skewed text, connected
components and overlapped lines.

The following assumptions made about the data:

1. The average line height of the text line is between 25 to 30
pixels.

2. The maximum height of text line is 30 pixels.

3. The maximum gap between two consecutive lines is 5
pixels.

4. If the difference between two consecutive mid-values is
more than 60 pixels, it must have overlapped text lines or
connected components.

5.If the gap between two consecutive lines is less than 5
pixels, then it must have upper or lower modifiers.

3.1 Proposed Methodology

In this paper, a novel technique for text line segmentation is
presented. The approach is based on the assumption that two
consecutive lines must have some white spaces between them.
The following steps are systematically performed on text
document to extract lines.

3.1.1 Collect Database

Number of handwritten text documents is collected from
different writers. The documents are assumed to bear some
kind skew in the header line and having the some sort of
problems such as connected components and overlapped lines.

3.1.2 Pre-Processing

The document image is further scanned at 200dpi. Further, the
gray scale image converted into binary format. After
binarization, Proper value of threshold must be specified.

3.1.3 Division into Stripes

The text document image is divided into number of non-
overlapping stripes to detect the header line in skewed text
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document. Horizontal projections are used to detect gaps
between the consecutive lines. The mid-values of these gaps
are calculated to segment non-overlapping lines.

3.1.4 Identify Overlapped Lines and Connected
Components

The proposed algorithm works on the assumption that average
height of text line is 30 pixels. If the difference between
consecutive mid-values is more than 70 pixels, then the text
must have overlapped lines or connected components.

3.1.5 Segmentation of Text Lines

After detecting the overlapped lines and connected components
in text document, these text lines are segmented using Mid-
Detection approach.

Collect Database

<L
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Fig. 5: Block Diagram of Proposed method

3.2 Algorithm

Step 1: Divide the document into vertical stripes by assuming
the strip size equal to 100 pixels.
Step 2: Using the concept of Horizontal Projections, find the
white spaces between the consecutive lines.
Step 3: Calculate the mid-points of these white spaces to
segment the consecutive non-overlapping lines.
Step 4: Identify the overlapped lines and connected
components by analyzing the difference between two mid-
points, which is explained in further sub steps:
Step 4.1: By taking the assumption that average line height
is of 30 pixels.
Step 4.2: If the difference between two mid-points is greater
than 70 pixels, then it is assumed that document contains
some overlapped lines and connected components.
Step 5: Segment the overlapped lines and connected
components by calculating the mid-value from previous and
next mid-point value.
Step 6: Draw horizontal black lines to represent the
segmentation.
Step 7: Repeat same process for each strip.

4. RESULTS

The proposed algorithm has been implemented on many
handwritten Gurumukhi text documents. Most of the
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Gurumukhi  handwritten  documents contain  skewed,
overlapping lines and connected components. Using this
algorithm, these problems are sorted out up to high extent.
Some results of proposed algorithm shown below:

4.1 Segmentation of simple lines
These type of documents taken is containing simple lines that
mean document comprise non-uniform skew with reasonable
spaces between lines.
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Fig. 7: Resultant Segmented Simple Text Line Document

4.2 Segmentation Connected Components

Connected lines are having upper and lower modifiers of two
consecutive lines touches with each other i.e. modifiers of two
consecutive lines are linked with each other. Because of this,

segmentation of document makes difficult.

Fig. 8: Non- uniform Skew Text Lines with Connected
Components
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Fig. 9: Segmented Text Lines Containing Connected
Components

4.3 Segmentation of overlapped lines

Overlapped lines present in both printed and handwritten
documents. Lower zone and upper zone or lower zone and
middle zone characters are being the part of neighboring line,

thus cause the problem of overlapping lines.

Lines

Fig. 11: Segmented Overlapped Text Lines

Table 1. Results of Text Line Segmentation
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M Accuracy
100 - 98
95 - 94
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90 -
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Document Components Lines

Fig. 12: Segmentation Results

Table 2. Comparison of Proposed method with Existing
Techniques

Type of Sample | Total No. Correctly Accuracy
Images of Lines segmented
Lines
Simple Text 100 98 98%
Documents
Text Documents 250 235 94%
having
Connected
Components
Text Document 240 216 90%
having
Overlapped
Lines
Total 590 549 93.05%

Ref. Technique Type of input Accuracy
used
Namisha Average Handwritten 75.78%
et. al [2] height Gurumukhi
Detection Text Line
Detection  of
overlapped and
skew Text
Lines
M. Kumar | Horizontal Overlapped 99%
et. al [4] Projection Text Lines in
Profile Printed
Gurumukhi
Scripts
Naresh et. | Header and | Simple Hindi 91.5%
al [5] Base line | text
Detection
Proposed Detection of | Gurumukhi 93.05%
Method Mid Point | Handwritten
from Existing | Scripts,
Gap between | Connected
Lines components,
overlapping and
Skew Lines
120 -
99
100 - 91.5 93.05
75.7
80 5.78
60 -
40 +
20 -
0 i T T T
Namisha M.Kumar Naresh et Proposed
etal.[2] etal.[4] al.[5] Method

Fig. 13: Comparison analysis
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5. CONCLUSION AND FUTURE WORK

Segmentation of Gurumukhi handwritten text is very
complicated task due to skewed, overlapped and connected
components present between lines. The complexity arises in
handwritten documents because of writing style and structural
properties of language. In this paper, we have used the
proposed algorithm based on mid-point detection to extract
lines from Gurumukhi handwritten documents. The proposed
algorithm is used to segment skewed lines, overlapped lines
and connected components between the neighboring lines. This
technique provides effective results for text line segmentation.
This algorithm distinguishes the concept of segmenting
connected components from overlapped lines.

In future work, we are trying to develop same algorithm for
Devnagari handwritten scripts. Although, we received efficient
result using this technique yet some problem remains there i.e.
during the segmentation of overlapping lines, some of touching
characters are getting degrade from their actual features or
existence. This may create difficulty during recognition.
Further work can be extended to solve this problem.
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