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Abstract
The objective of preprocessing tasks is to remove noise or 
impurities of scanned image so that image has normalized 
characters and skew correction that would otherwise reduces the 
recognition rate of handwritten text image. This paper describes 
the different pre-processing operations and techniques for the 
handwritten Gujarati characters which would then be helpful in 
recognition task. The paper also presents few handwritten text 
issues and the characteristics of Gujarati language. The paper 
concludes with the experimental result and future enhancement 
in the same direction.
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I. Introduction
One of the approaches to convert physical paper document into 
digital form is known as scanning. The method that is used to 
convert scanned paper document into identified and editable 
electronic form is called Character Recognition (CR) technique 
[5]. Research on Optical Character Recognition (OCR) began in 
the 1950s however, nowadays, most efforts in OCR concentrate for 
reliable processing of handwritten text. Some work has also been 
noted to recognize handwritten texts, particularly, isolated hand-
printed characters and words. However, the analysis of document 
with complex layouts, recognition of degraded machine-printed 
texts, and the recognition of unconstrained handwritten characters 
demand further research [3]. 
The current generation of OCR systems can be characterized as 
a pipeline composed of tasks like Acquisition, Preprocessing, 
Feature extraction, Classification, Identification, Post-processing 
etc. for the automated text recognition [3]. However, none of these 
stages are immune to error. 
The character recognition system’s accuracy and success highly 
depends on preprocessing stage. It is a basic step which removes 
noise or impurities that may exist in the scanned image and to 
normalize texts. It is done at the image-to-image transformation 
level [3-4, 6]. The pre-processing stage normally performs the 
different methodologies like to Correct the distortion i.e. Skew or 
Slant, Pattern removal, Rotation, Filtering or Noise elimination, 
Binarization or Digitization, Thinning or Skeletonization, 
Segmentation, and Size normalization or Resizing, etc. to enhance 
the quality of an image [2-4, 9]. 
In traditional handwriting OCR systems, recognition is performed 
at the character level. Segmentation is posed as a graph cut problem 
that incorporates the priori information from script structure. It 
aims to partition a document image into various homogeneous 
regions such as text blocks, image blocks, lines, words etc. [3]. 
The majority of the existing segmentation algorithms make use of 
a set of rules that has been extracted from empirically observations 
of the human writing. Thus, despite the fact that results may often 
seem satisfactory, there is no guarantee that the whole or optimal 
rule set has been created. 

Several algorithms are available for the character recognition. 
However, most of their work is related to English text. The areas 
of Hand-writing recognition have seen very little research in 
the context of Indian scripts. The inflectional and agglutinative 
nature of Indian languages makes the OCR task quite challenging. 
Preliminary results are available in the literature on the recognition 
of two popular scripts of south India – Tamil and Kannada. Very 
few works have been reported in the language like Gujarati [4].
Gujarati is a language from the Indo-Aryan family of languages, 
used by around 50 million people in the western part of India. It 
is one of the India’s most popular languages mainly used in the 
Gujarat state. Gujarati-script used to write the Gujarati language. 
Gujarati Script has a large set of characters. It utilizes overall 
75 distinct legitimate and recognized shapes and 45 conjuncts 
and special characters. It mainly includes 59 characters and 16 
diacritics. 59 characters are divided into 36 basic consonants (34 
singular and 2 compound (not lexically though)) means ornamented 
sounds, 13 vowels (pure sounds), and 10 numerical digits, whereas 
16 diacritics are divided into 13 vowel and 3 other characters. 
The alphabet is ordered by logically grouping the vowels and the 
consonants based on their pronunciations [4-5]. 
The Gujarati text can be partitioned into basic and compound 
characters surrounds the core character. The Gujarati script 
assigns unique UNICODE numbers by Web Consortium i.e. 
U+0A80 – U+0AFF (02688 – 02815) [4]. As per the best of 
author’s knowledge, there is no ready and reliable work available 
on recognition of Handwritten Gujarati language [5].

II. The Facts and Faces of Handwritten Gujarati 
Characters
Sometime in some of the documents because of poor handwritings 
there may be a chance that some cursive connected characters 
are written too small and some are too big is hard to identify by 
recognizer. Some poor handwriting style goes up or down by the 
logical straight line i.e. crossing the logical straight line which is hard 
to find the correct directions; so the unconstrained characters are 
the major issue. Sometime for recognition of particular characters 
requires identifying straight lines and detecting a straight line in 
a noisy image may appear to be more challenging [17].
It has been observed that the relative distances between characters 
in same lines are generally smaller than the distances between 
text lines in handwritten text. Human identification of the text 
lines utilizes these differences efficiently; however achieve same 
is challenging for the computerized system because the system 
is working based on factors like pixels availability, handwriting 
style, document clarity etc. 
Further, skew estimation is one of the initial tasks to be solved 
after document scanning and obtaining its digital copy. In case 
of for example, handwritten historical documents, the skew can 
be part of the handwriting inaccuracy. In many cases, document 
skew affects negatively in terms of the accuracy of character 
segmentation and recognition. Thus, automatic detection and 
correction of skew is a sought function to achieve. In addition, 
there are very few approaches that deal with skew angles which 
are column, graphics or border dependent [11]. 
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The most significant source of error in handwriting recognition 
is the segmentation process [7]. The touching or connections 
between text lines are usually made by oversized characters or 
characters with long descendents running through the neighboring 
lines. OCR of cursive type languages like Persian, Gujarati etc. 
present a number of challenging problems in both segmentation 
and recognition processes [6]. The segmentation stage is sensitive 
to the quality of an image, i.e. this phase may suffer from certain 
kind of difficulties like the influence of image noise. Once an 
error like split, join, or misalignment is present in the output of 
the segmentation stage, then even otherwise perfect classifiers 
will be failed [7]. Further, it is hard to develop dissection rules 
for a cursive script particularly overlapping text [6]. However, in 
traditional handwriting OCR systems, recognition is performed at 
the character level, using an independent segmentation step. 
In case of Gujarati language all the characters are cursive case 
type and are sensitive in the sense that slight changes in their 
shape may result in change to the context of the statement. The 
language uses some characters to the left, right, upper and lower 
to the core character. For example, character ‘( ‘ can be used to the 
left of a core character to define different context of it. Similarly 
the other characters like ),   & ,   * ,   [ ,  ] , > ,  Z ,  ̂ and so on can be used 
to define different words meaning. Even it allows to use several 
combination of such characters like upper and right (e.g. [ and i 
) together to form several other context of core character. It has 
also half-characters and special characters of cursive nature which 
are used with consonants and vowels to form and enhance the 
word vocabulary. Such combinations will increase grammatical 
complexity greatly and require more expert algorithm and effort 
to recognize them. 
Looking towards the above issues it requires some different and 
novel algorithms for pre-processing tasks and due to several 
limitations the existing methodology is not directly fitted and 
used for the Gujarati texts. To cope up with the said issues the 
author has proposed some pre-processing methodologies for the 
handwritten Gujarati characters.

III. Some Efforts Towards Existing Preprocessing 
Techniques

A. Background Removal
Sometime document text is printed over the patterned backgrounds. 
Often the whole block of text will be recognized as a graphic 
and hence, removed from the consideration by the recognition 
algorithm. In such cases a recognition system should be able to 
distinguish text from graphics. Su Liang and M. Ahmadi present 
a morphological approach that removes regular patterns from 
text [12]. 

B. Filtering
Very older documents or light printed documents can’t visualize 
or recognize text easily. For such type of documents filtering step 
is useful to improve the image quality which would make it better 
than the original one for automated recognition. Filtering or Noise 
elimination step is used for the removals of the noise i.e. jitter or 
unwanted spots, and smoothing of the input sequence which would 
be further helpful in recognition task. Geometrical processing 
phase has been used to minimize handwriting variations. Generally, 
Filtering step incorporates Geometrical processing phase which 
uses low pass filter algorithm to minimize handwriting variations 
[10]. For tolerating noise and run-away black strokes, runlength 
smearing is applied as an image processing method. 

C. Thining
The David H. Douglas and Thomas K. Peucker’s algorithm has 
been used to eliminate the redundant points that are irrelevant for 
the classification task in a particular image [10]. The algorithm is 
used for line simplification [13, 16]. It is based on path hulls that use 
the geometric structure of the object [16], i.e. algorithm gives the 
closest approximation to the points a human being would choose 
when manually simplifying a line [13]. The use of this algorithm is 
the data compression; where a large object presentation converts 
into simple object by reducing detail. In other words, the algorithm 
gives an output in polygonal shape with fewer vertices or pixels 
that looks almost same as original. It is a 2D-line approximation 
algorithm [13, 16]. However, the limitation of this algorithm is 
the object curve must not self-intersect. This means that the start 
and end points must be different, no closed curve. Therefore this 
algorithm works fine for the English type language. In other words, 
English alphabets have comparatively less curves and so algorithm 
gives better result to find line segments. However, the language 
like Gujarati has most of the alphabets of cursive type nature and 
hence algorithm doesn’t directly fit for Gujarati. 

D. Skew Detection Methods
The document skew can be either global, i.e. all text lines have the 
same orientation, or local skew where each line can be rotated in 
different angles. Human usually determine document orientation 
in the text by collecting some regularly aligned symbols without 
recognizing character and/or understanding the document. 
However, same is challenging for the computing systems. 
Different kinds of skew estimation techniques have been proposed 
in the literature. Some of them are the analysis of the geometric 
distribution of text features, the Hough transform and the 
projection profile technique. Some of the other methods include, 
nearest neighbor clustering [8, 11], background runlength [11], 
clustering into text lines, principle component analysis and least 
square based approaches [8]. However, all such methods have 
their own applications and limitations with respect to their work 
domain.
Based on the detectable angle range, the skew estimation methods 
can be divided into two classes. The techniques belonging to the 
first group can only detect a limited skew angle range, while 
another class of methods is capable of finding any skew angle. 
The second group is more appropriate for automated processing 
of various complex document types and layouts and for a mixture 
of different languages on a page [14]. 
The Hough transform is a technique which can be used to isolate 
features of a particular shape within an image [15]. It is useful for 
detecting objects of known shape i.e. objects that can be described 
mathematically by specific parameters, but of unknown location 
[17]. The main advantage of the Hough transform technique is that it 
is tolerant of gaps i.e. missing data in feature boundary descriptions 
[15, 17]. The limitation of generalized Hough transform is the 
computational complexity [15]. The Hough transform is usually 
applied on a set of selected angles. It computes the values for the 
parameters of all the curves of a particular type e.g., straight lines 
that can pass through each black pixel and generates accumulator 
[1, 11]. 

IV. Proposed Preprocessing Techniques for Gujarati 
Characters

A. Skeletonization
It is unusual to handle curves that contain hundreds of points. 
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Usually, displaying all the points is also not useful; a number of 
them may be rendered on the same pixel. Hence, lot of resource 
has been used for say nothing. Therefore new algorithm has been 
proposed for Gujarati characters. 
For detecting shapes like lines in an image, the image is first 
binarized using some form of thresholding. Let p1, p2, ..... pn are 
points of an array of polygonal shape of a Gujarati character p 
where n is the total number of points. Find a polygonal shape of 
a character as p’ with n’ points or vertices, where the shape of p’ 
is close to p while n’ < n. Consider a tolerance distance also. The 
compression ratio between original object and derived object has 
been easily tuned using the tolerance parameter. The following 
figure 1 is the result of Gujarati character ‘k’.

  
Fig. 1: Shape Thining

B. Skew Correction
The Line and Word segmentation algorithms are used for 
automatically correcting slant. These algorithms describe how 
a given text image is split up into lines, how the lines of text are 
segmenting into words respectively using horizontal and vertical 
projection histograms. After segmenting each word, the slant of 
those words and so entire line is corrected. Each word is then 
sheared by the angle that maximizes the height of peaks in the 
vertical projection histogram of the word. The following approach 
is used for skew correction. For a detected skew angle rotate the 
document image using the following formula:
X = x cos θ + y sin θ
Y = y sin θ − x cos θ
It is used to transfer a point (x, y) from original image to a new 
point (X, Y) in the same coordinate system. Here θ is the skew 
angle between the document orientation and the x-axis along 
horizontal direction. For transferring the original image to a new 
de-skewed image, it requires adjusting the size and shift the (X, 
Y) coordinates in a usual way. The transform is too simple for 
skew correction of binary images. However, the slant correction 
does not affect the connectivity of the word and the resulting 
words are natural.

C. Segmentation
The task of the character segmentation algorithm is to separate the 
characters. Projection Histograms is used for segmenting lines, 
words and characters. There are two types of projection histograms 
Horizontal is calculating number of pixels row-wise and Vertical 
is calculating number of pixels column-wise. This technique 
is useful if size of a character is variant and slant is invariant. 
Though, it requires both horizontal and vertical histograms for 
better results.

1. Line Segmentation
In the page layout analysis method, a horizontal projection profile 
method of the document image is plotted to extract lines from the 
document. For line segmentation, the author has developed the 
algorithm, in which, first image is converted into a grayscale image, 
which is then inverted, to make dark pixels having high values 
and light pixels having low values. Then the horizontal projection 
histogram is computed, as in fig. 2. It has been also implemented 
as part of the slant correction process as noted earlier. 

Fig. 2: Horizontal Histogram to Separate Lines

Algorithm for Calculating the Number of Rows
The algorithm searches for the presence and absence of black 
pixels going from top to bottom. The continuous absence of black 
pixels (or presence of white pixels) could be a gap between two 
rows. To make sure whether it is a gap, algorithm searches from 
left to right against every white pixel, if there is no trace of black 
pixel for the entire row, the gap is confirmed. In this way, all 
the horizontal gaps, in the image, are traced out and from this; 
numbers of rows are to be calculated. The following steps show 
another look of a sequential algorithm for finding the number of 
rows in the document:
1: Find the text boundary of the whole image by scanning from 
top to bottom for upper border Y1, left to right for left border 
X1, right to left for right border X2 and bottom to top for lower 
border Y2.
2: Scan the binary image from Y1 towards Y2.
3: If there is a white pixel, then scan from X1 to X2 for that 
particular row to detect any black pixel.
4: If no black pixel found, there is a row gap.
5: Repeat steps 2 and 3 for the whole image to find total number 
of row gaps.

2. Word Segmentation
Page layout analysis and character separation are used to segment 
words from the image. In word segmentation, each of the lines 
is segmenting into words in a similar way as line segmentation 
technique. The main differences are that the vertical histogram 
or vertical projection profile is used, and that while lines are all 
of similar height, words have strongly varying length. On the 
other hand, the lengths of inter-word spaces are more uniform. 
Since the word segmentation method can accurately separate 
horizontally overlapping words. The following fig. 3 depicts the 
vertical histogram to separate words. 

Fig. 3: Vertical Histogram to Separate Words

Algorithm for Word Segmentation
The handwritten text has been transformed into matrices with 
binary values, where 1s denote black pixels i.e. the handwritten 
characters and 0s denote white pixels i.e. the empty space around 
the character. In order to segments the character it locates paths 
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of 0s between the characters. As after conducting the vertical 
histogram, extract valleys or vales as intervals with relatively small 
histogram values. Then remove the valleys that are too narrow, 
say less than fourth of the height of the line. It does not need to 
refine wide valleys, since large spaces can occur. Then take the 
complements of the valleys, resulting in a list of intervals, each 
of which should consist of one or more words. These intervals 
spread out to cover the whole line again, and a similar cropping and 
gluing procedure as for line segmentation is used. The following 
fig. 4 visualizes the word segmentation procedure. 

Fig. 4: Word Segmentation

3. Character Segmentation
The character segmentation is a crucial step of OCR systems 
as it looks and also extracts meaningful regions or the area of 
each character for analysis. For example following figure 5 shows 
the difference between characters “T” and “D” using projection 
profile. It checks the histograms vertically and horizontally for a 
character. In vertical histogram, it finds maximum frequencies of 
on pixels i.e. black pixels in the character for left and right sides. 
In same way it does marks for horizontal histograms for top and 
bottom pixels. 

Fig. 5: Characters ‘T’ and ‘D' Using Projection Profile

Algorithm for Character Segmentation
The algorithm searches for the presence and absence of black 
pixels scanning from left to right horizontally for the entire image 
boundary width and for each row top to bottom vertically for the 
entire image boundary height. The continuous absence of black 
pixels or presence of white pixels could be a gap between two 
consequent characters. In this way, all the vertical gaps, in the 
image, are traced out and characters are separated. The following 

steps perform for the character segmentation.
1: Repeat steps 2 to 4 which execute 1 pixel in the scanned picture 
image left to right i.e. horizontally. 
2: It executes 1 pixel in the scanned picture image top to bottom 
i.e. vertically and repeat steps 3 until black pixel is found.
3: Find and check say (x, y) coordinate for white pixel. If it finds 
then skip it.
4: Set the values for the next character boundary and exit.

V. Result Analysis
The system is trained well using proposed algorithms for 
handwritten text in Gujarati. The experiments use various samples 
of different handwritten Gujarati texts from different writers’ with 
different size as a stored character bitmap which is created, trained 
and used for the identification purpose. These experiments covered 
all consonants, numbers, vowels, half, grammatical, and special 
Gujarati characters. 
The author received comparatively good result for individual 
character recognition as well as word recognition for handwritten 
characters. In case of first highly accurate result has been obtained 
while in the case of handwritten word, amount of accuracy is 
comparatively less. Author also noted that the success ratio is 
low for the comparatively small size bitmap. 

VI. Future Attempts
Author has assumed only plain text in the inputted document i.e. 
text without graphics and without noise. Hence no work has been 
done in Pattern Removal and Filtering context. Further, the work 
is going on in the same direction for improving the current result. 
Author is attempting to develop more algorithmic solutions that 
address most of the issues related to other preprocessing methods 
which increases the recognition accuracy for handwritten Gujarati 
characters.
The modern recognition processes often perform trial segmentation 
of character i.e. it has to make decisions about the location of 
segment boundaries early on and then choose the best segmentation 
from a set of alternatives using recognition confidence as a 
guide.

VII. Conclusion
By using preprocessing tasks image has normalized characters 
and skew has been corrected that would otherwise reduces the 
character recognition rate of an image. The author describes the 
skeletonization, slant and segmentation operations. The suggested 
algorithms are important to enhance the accuracy of Handwritten 
Gujarati character recognition and so the proposed algorithms are 
highly desirable for good recognition result. 
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