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ABSTRACT

Character segmentation from text lines in deteriorated historical document images is difficult due to the
complicated background and the lack of regular text pattern structures. This research provides a new
method for segmenting characters from text lines in degraded historical document images based on the
Scale-space technique. The suggested approach filters out noisy pixels by assessing the extent of blobs
in a scale-space representation of the image, which is a novel methodology for segmenting handwritten

document images.

It has been made to run over the historical record taken from the 11th International Conference on
Document Analysis and Recognition 2011, containing over 700 printed images. The main aim of the
project is to enhance the accuracy of character segmentation. The proposed segmentation method is
tested with over 5000 various printed historical documents, and about 82.57% accuracy has been

obtained.
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INTRODUCTION

Historical documents contain crucial historical
information about a person, place, or event and
can thus be used as primary sources in historical
methodology. Segmentation is a branch in
digital image processing which aims at
partitioning a part of an image. So, the
algorithmlooks for the text's whitespaces and
separates the lines, words, and characters
accordingly. The result may be the center of
interest for the user, as only the edges in print
or thecharacters in a document.

EXISTING METHOD
PREPROCESSING

Pre-processing steps could include extracting
data from a more extensive set, filtering it for
various reasons, Combining data sets. Data Pre-
processing is the manipulation or removal of

data before it is utilized to ensure orimprove
performance, and it is a crucial step in the data
mining process.

LINE SEGMENTATION

Assume the sliding window is N x H in size,
with N being the width of the binary image f
and H being the height of the sliding window.

The percentage of black pixels in a sliding
window is computed as follows:

H-1 N-1
B X
s=0 y=0

f(x+sy) ....(1.1)

Values Sn are the array values of all sliding
window concentrations of black pixels, S. The
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offsets that will be utilized as potential
delimiters between lines are chosen based on
where dx is the offset from the top of the image,
H is the height of the sliding window, and H/2 is
integer division Values dx are, more accurately,
offsets of the middle lines of the windows that
slide vertically along the document image. Only
balances from the sliding window with a
concentration of black pixels more minor than
the threshold value This are considered.

WORD SEGMENTATION

The sliding window with horizontal sliding is
used in this section of the suggested approach.
Assume that a sliding window with dimensions
W x H is used, where W represents the width of
the sliding window and H represents the height
of the current line.

Assume that h1,h2,..,hn is a series of histogram
values. These values are used to represent word
delimiters. The following describes the set of all
histogram valleys:

V = *Rhilhi-1 > hi A hi+1 > hit (12)

At the end of the word segmentation procedure,
the obtained delimiters positioned betweenthe
words are relocated to the left and right to
the closest characters, determining precise
word locations.

CHARACTER SEGMENTATION

A sliding window with a smaller width, on the
other hand, is used to determine smaller areas
and is suited for character segmentation within
a word.

The document letter having width threshold
value Thcw is utilized to determine the word
length. The average width of a letter is
calculated as follows:

—
o G
Thew (1.3)
Cwmrg = l "‘J
Ca (14

where Cn is the assumed number of characters

in a word determined using the threshold value
Thcw, Ww is the provided word's word width in
pixels, and Cwavg is the average character width
utilized in subsequent processing. The length of
a word is significant becauseit can determine
the number of delimiters in a word.

PROPOSED METHOD
INTRODUCTION

The proposed method firstly completes the
pre-processing steps and moves to the
segmentation. The segmentation in turn has
three major levels including line, word, and
character level segmentations. Below figure 1
represents the flow of proposed block diagram
along with the techniques used.

Manual Skew Correction
(Ultra-fast approach for > Grayscale conversion
geometrical image (Maximum functionality)
)

Inputimage
(HDLAC2011 Dataset ;’
ICDAR)

Binarisation Noise Reduction :
hrest ensity — 3lack pixel el T ace technique -
(Threshold intensity (Black mLA—: :\mwmum and minima
) ine) )
Character Segmentation
Word Segmentation
g % (Projection profile % List of character delimiters
analysis)

(Blob analysis) v
y

Figure 1 Proposed block diagram

DATASET

The project aims for the segmentation of
document images that are created over the
historic period.

P Pl

THE EXAMINER.-7——

Figure 2 Dataset
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The dataset as shown in figure 2, was chosen for
the methodology is "HDLAC2011 ICDAR
HISTORICAL DOCUMENT LAYOUT ANALYSIS
COMPETITION" The dataset consists of over
1000 images for each application like Impact
digitisation, Layout analysis, Europeana
Newspapers, Census 1961, and HDLAC2011.

PRE-PROCESSING

The importance of pre-processing can be seen
over almost all of the stage outputs. The
document images which we load into the
system won't be in a form to process. The
stages here include:

1) Skew correction through ultra-fast
approach

2) Grayscale conversion

3) Binarization

4) Noise reduction

Among those, grayscale conversion,

binarization, and noise reduction are included
under the common topic called image filtering.

SKEW CORRECTION THROUGH ULTRA-FAST
APPROACH

The variation in the skewness may lead to
serious problems during text baseline
extraction and document layout analysis.
Formula for skew correction is,

S =xcos(0) + ysin(0) S = -xsin(0 ) + ycos(0)
.(1.5)

To perform this task, an ultra-fast approach for
geometrical image transformations has been
proposed. A generalisedultra-quick strategy for
geometrical picture transformations is given,
and fast implementation is achieved using
pointer arithmetic and a new highly optimised
low-levelmachine code routine to do this work.

GRAYSCALE CONVERSION

The process of image conversion to the
grayscale image as an essential step in the
process ofpicture binarization is represented
by the first block in the image filtering stage.

Basic formula for Grayscale conversion,

g(x, y) = max (f(x, y)red, f(x, y)green, f(x,
y)blue).....(1.6)

The following intensity value will be assigned to
each pixel g (%, y) in the final grayscale image g:
g (x,y) = max _f (x,y) red, f (x, y) green, f (X, y)
blue _(4) forx=0,1,2,.,M-1,andy=0,1, 2,...,
N -1, where max is the maximum of three
components of the pixel intensity value.

BINARIZATION

White pixels (picture foreground) are
represented by Ovvalues, whereas black pixels
are represented by 1vvalues (image
background). Assume that the pixel intensity
values in the resulting image were obtained
using a threshold value of t. Formula for
binarization

T () = 1,0<r<t
0, t<r<rmax ... (1.7)

The intensity value will be assigned to each pixel
in picture g:forx=0, 1, 2,.., M-1and y

=0,1, 2,., N -1, with t a binarization threshold
value. The best-performing threshold valueis
primarily determined by the picture quality of
the document.

NOISE REDUCTION

A simple noise reduction method is
implemented at the end of the picture filtering
process to eliminate undesired solitary black
pixels that could cause problems in further
processing.

The noise reduction method is determined by
the dimensions of the filter mask and the
position of the 1 s. When the filter mask is
applied to the specified image block, the 1 s
determines which of the pixel intensity values
will be taken into account. As a result, this filter
mask keeps the crucial document picture pixels
while removing the isolated black pixelsthat are
most likely useless. This noise reduction method
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is predicted to remove some useful images from
ancient low-quality historical documents into
account.

SEGMENTATION

In order to detect single words in historical
documents, appropriate approaches for script
recognition are required. Because lines are not
always straight and words may overlap within
and between lines, segmenting lines and words
is a difficult task. The traditional examination of
distances between text items must be
augmented by a second component that predicts
likely word boundaries based on semantical
information for proper word segmentation.

LINE SEGMENTATION USING SCALE SPACE
TECHNIQUE

Line segmentation is defined as the segmenting
or separating the lines either printed or
handwritten over the historical documents. The
method adopted by this project is called, "Scale-
space segmentation”. The ascenders and
descenders of successive lines can be separated
via line segmentation. The lines in the
manuscripts are made up of a succession of
horizontal components that run from left to
right.

The line segmentation technique has been
tested on a variety of handwritten pages and is
resistant to line size fluctuations.

WORD SEGMENTATION

In order to detect single words in historical
documents, appropriate approaches for script
recognition are required. Because lines are not
always straight and words may overlap within
and between lines, segmenting lines and words
is a difficult task.

> 2
—(x% )

1 (262)
e

G(x,y:0) = 3

2y (1.8)

The traditional examination of distances
between text items must be augmented by a
second component that predicts likely word

boundaries based on semantical information for
proper word segmentation.

BLOB ANALYSIS

A blob can be thought of as a connected spatial
region. The popular operator and frequently
employed in blob identification and a range of
multi-scale image processing tasks is the
Laplacian of a Gaussian, which is the classic
manner ofproducing a blob.

NON-UNIFORM GAUSSIAN FILTERS

The following are the conditions that can be
assumed when considering the words:

1. The height (y dimension) of the word is
determined by the individual characters, and

2. thelength (x dimension) is dictated by the
number of characters in it.

A word usually has more than one character
and a greater than one aspect ratio. Becausethe
word's x dimension is larger than its y
dimension, the spatial filtering frequency in the
y dimension should be higher than in the x
dimension. Blob-like characteristics emerge
from a scale-space representation. (That is,
connected sections that are either brighter or
darker than the background.) Then "I" sign can
then be used to divide the three-dimensional

intensity  surface into foreground and
background.
CHARACTER SEGMENTATION

Unlike other forms of images, document images
have the unusual virtue of not requiring a wide-
scale variation to extract a specific sort of
structure. At thisscale parameter's value, the
output(blob) is at its maximum. If the aspect
ratio is fixed, the scale is determined by the
vertical dimension of the word. Based on the
blobs that resulted through the scale-space
technique, the image of characters extractedwill
be furnished at the output.

SIMULATION RESULTS

The historical documents were chosen from the
specific "Elizabeth Era" image. The images have
been given in the input. The input document
image from the dataset, "HDLAC2011 ICDAR
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HISTORICAL DOCUMENT LAYOUT ANALYSIS
COMPETITION".

The Best Practical Working Dictionary of the
Eaglish Langusge.

WEBSTER’'S
INTERNATIONAL
DICTIONARY.
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NEW EDITION, REVISED THROUGHOUT WITH A
NEW SUPPLEMENT OF 25,000 ADDITIONAL
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Figure 3 Input image

The figure 3 implies the feeding of input
historical document image priorly into the pre-
processing stages. Since, the project majorly
focuses over the old-age manuscripts, the
specific dataset has been adopted.

Grayscale image

Once the image is sent through the system, the
coloured pixels are converted into greyscale
images ranging from 0 to 256. The Gray scaling
of the image is imminent because of the
extraction of descriptors despite operating over
colour images. It greatly reduces the
computational requirements and simplifies the
algorithm.

The Best Practical Working Dictionary of the
English Language.

WEBSTER’S
INTERNATIONAL
DICTIONARY.

2348 PAGES. 5000 ILLUSTRATIONS.

NEW EDITION, REVISED THROUGHOUT WITH A
NEW SUPPLEMENT OF 25,000 ADDITIONAL
WORDS AND PHRASES.

The Appendices comprise a Pronouncing Gasetteer of the World,
ipture, Greek, Latin, and English Proper Names,
a Dictionary of the Noted Names of Fiction, a Brief History of the
English Language, a Dic reign Quotations, Werds, Phrases,
Proverbs, &ec., a Biographic ictionary with 10,000 names, &c., &c.

o, P, PIURRAY. e

an Application.

LONDON : GEORGE BELL & SONS, YORK HOUSE,
FORTUGAL STREET, W.C. =
SO0 S. % S. wnea.

Figure 4 Grayscale image

The figure 4 depicts the grayscale image
resulted from the original image loaded in the
previous stage. The stage aids in converting the
image into multitoned one from coloured image.

Manual Skew corrected image

The skewness of the text printed or
handwritten over an image should be
monitored properly. If not, the unaligned text
leads to the decrement of accuracy while
segmenting it into lines, words, and characters.

The need for skew correction is that the steps
are taken for this block of pre-processing highly
reflect over the final output.

The Best Practical Working Dictionary of the
English Langusge.

WEBSTER’S
INTERNATIONAL

DICTIONARY.
2348 PAGES. 5000 ILLUSTRATIONS.

NEW EDITION, REVISED THROUGHOUT WITH A
NEW SUPPLEMENT OF 25,000 ADDITIONAL
WORDS AND PHRASES.

LONDON : GEORGE BELL & SONS, YORK HOUSE,
PORTUGAL STREET, W.C. =
R N

Figure 5 Manual skew correction image

In the figure 5, the skewness as discussed in
earlier topics has been removed through
manual skew corrected ultrafast approach. This
greatly elevates the upcoming stage results.

Binarized image

Image binarization aims for converting the
grayscale image into the binarized image.
Essentially, the image's information is reduced
from 256 shades of grey to two: black and white,
resulting in a binary image. The image shows the
black and white images converted from the
grayscale image.
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The Best

English Langusge.

WEBSTER’S

INTERNATIONAL
DICTIONARY.

2348 PAGES. 5000 ILLUSTRATIONS.

NEW EDITION, REVISED THROUGHOUT WITH A
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WORDS AND PHRASES.
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Figure 6 Binarized image

The Figure 6 signifies the binarized image which
can be defined as the converted image from

multitoned into two-toned

multitoned image is grayscale image whereas
the two-toned image is called the “binarized

image.”

Noise removed image

The presence of noise in the documents leads to
ambiguity errors in the segmentation oftext
information. So, it must be removed in order to

get the required output.

The Best

Woeorking
English Langusge.

WEBSTER’S

INTERNATIONAL

DICTIONARY.

2348 PAGES. 5000 ILLUSTRATIONS.

NEW EDITION, REVISED THROUGHOUT WITH A
NEW SUPPLEMENT OF 25,000 ADDITIONAL

‘WORDS AND PHEASES.

LONDON : GEORGE BELL & SONS, YORK HOUSE,

PORTUGAL STREET, W.C.
oo ERE res

Figure 7 Noise removed image.

As shown in figure 7, that will be the appearance
of the image with removed noise. Theintrusion
of noise may lead to various problems while

segmentation, hence this stage.

Scale space technique

The line segmentation aims to extract only the
lines from a whole text document or the old
historical sheets. While doing so, it must be able
to segment rightly with no cut-offs seen within
the text. So, the segmentation must occur exactly
at the whitespaces seen in between the lines.

Tt Peat Practoad Warking Dicthnary of 1he
Conglah Langungry

WEBSTER'S
INTERNATIONAL |
DICTIONARY, 1

2348 PAGES 5000 ILLUSTRATIONS. |

NEW EDITION, REVISED YHROUGHOUT WiTH A
NEW SUPPLEXENT OF 25000 ADDITIONAL
WORDY AND PHEASES

- WrRTAY

Pomms MLPW WRISHT, M4 MM, RS LR, £

Frotmsen & B AAYEE, LA N, W6

Wer IOALTR WEER, N1

Figure 8, Output for scale space technique

The figure 8 shows that image is first rotated to
90 degrees to have easier processing in the
further segmentation. So, this step enables the
algorithm to easily identify the whitespacesin
the text document.

After that, a graph has been drawn between text
line occurrences and the spaces found overthe
documents. So, consequently, the maxima or the
peaks in the graph represents thewhitespaces in
the paper, since the pixel value of them will be
255. Also, the troughs or the minima in the
graph signifies the black inked written or
printed text, since, value will be 0.

The graph output responses aren't seen aligned
and widened. So, to make the graph fall over a
certain specified range. The response has been
made to pass into a Hanning window.
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Figure 9 Illustration of maxima and minima
through cross points

Next, as the figure 9 depicts, all the local maxima
and minima have been plotted on the graph
where the points are represented by cross
marks.

So, finally, the resulting line segmented image is
produced at the output. in this image, every
single line is separated from the document and
provided as a strip of text content. The accuracy
of every stage cumulatively affects the final
character segmentation.

A N L] LAY ~ .
Vv |

IN /M FN 721N M

R il s it

L T TS NN L 1

At bt N N R ANAA A AN A A

NEW EDITION, REVISED.THROUGHOUT WITH A |
NEW SUPFLEMENT, OF. 26,000 ADDITIONAL
WORDS AND, PHRASES, |

Figure 10 Output for line segmentation

As explained above, the figure 10 gives the
output expected for the line segmentation which
has been implemented through scale-space
technique.

In word segmentation, the output has acquired
by the algorithm by extracted words. Since the
algorithm uses an anisotropic filter, the problem
of extraction in varied font sizes is not found.
Any size of words can be extracted through the
scale-space technique.

WEBSTER’S
DICTIONARY.

The Best
LONDON : 50,%0. S, &S, 11,04

Figure 11 Output for word segmentation

The document is now segmented into separate
lines. So, after that every word in the document
needs to be segmented in order to feed itinto the
character stage. So as shown in figure 11, the
words are divided into unique images from the
line stripes.

The character segmentation uses the projection
profile technique which looks for the gaps
existing between the letters or characters and
the spaces existing among them. The lines
separating single characters are the same as
that of a bounding box that encloses the objects
or the texts of interest.

Contour

o

- INTERNATIONA

o

100 150 200 250 300

Original Image

INTERNATIONAL

100 150 200 250 300 350

o

Predict Segments

- I NIDERINAIDI ONIAIL

o

Figure 12 Output for character segmentation

Finally, as seen in figure 12, the characters are
now separated and presented as the end output.
These characters then can be fed into a
Convolutional neural network for recognition of
characters seen over the documents.

CONCLUSION AND FUTURE WORK

This research presents an effective method for
line, word, and character segmentation of old
machine-typed manuscripts. Although the
technique's primary objective is machine-typed
documents, the proposed method can also be
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applied to machine-printed documents. Chapter
3 contains a description of the preceding works.
The proposed approach is illustrated, and the
functionality of each block is discussed. The
mathematical foundation of the previously
stated flowchart is described. In the process of
character segmentation, this approach employs
image processing algorithms in the spatial
domain and exploits aspects of the document
structure. Manual skew correction, picture
filtering, and segmentation logic, which forms
the core stage.
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