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Abstract. It is difficult to process touching or broken characters in practical applications on optical
character recognition. For touching or broken characters, a method based on mathematical
morphology of binary image is put forward in the paper. On the basis of the relative theories of digital
image processing, the overall process is introduced including separation of touching characters and
connection of broken characters. First of all, character image is pre-processed through smoothing and
threshold segmentation in order to generate binary image of characters. Then character regions which
are touching or broken are processed through different operators of mathematical morphology of
binary image by different structuring elements. Thus the touching characters are separated and broken
characters are connected. For higher recognition rate, further processes are done to achieve normal
and individual character regions.

Introduction

Touching or broken characters processing plays an indispensable role in optical character
recognition and influences the recognition results to a great extent. During the research of optical
character recognition, the segmented character samples are used mostly for experiments, only
algorithm of character recognition is evaluated, therefore touching or broken characters processing is
ignored usually. Currently, however, individual character recognition has achieved higher accuracy.
Results of practical recognition system demonstrate that the reason for wrong recognition is wrong
character segmentation to a great extent [1]. It has become a main problem in practical applications.
However traditional approaches can not solve the problem in a more appropriate way [2].

Under this background, an approach based on mathematical morphology is proposed in the paper
after experiments on many touching or broken characters. By constructing different structuring
elements, different operators of mathematical morphology are selected to separate touching position
and connect broken regions. Also typical touching or broken characters are selected as examples to
introduce the whole process. The approach has referenced value for research of touching or broken
characters processing in the fields of optical character recognition.

Character Image Pre-processing

Generally, character images need to be pre-processed, which aims at acquiring clearer character
regions. It mainly includes image smoothing and threshold segmentation to generate binary image of
characters for further morphological processes.

Character Image Smoothing

In most situations, character image contains some noises. Higher quality of pre-processed image is
the important premise for higher recognition accuracy. Therefore, smooth character image firstly so
that the noises could be suppressed by smoothing filter. Among all smoothing filters, the linear
Gaussian filter is more optimal not only because it could suppress high frequencies, i.e., noises, in the
image but also it is rotation-invariant, i.e., isotropic [3]. Let row and column of image be denoted by r
and c. Let 0 be denoted by standard deviation. Then the Gaussian filter in two dimensions is defined
by Eq. 1.
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Character Image Binarization

It is fairly important to generate binary image through threshold segmentation in image processing
and character recognition. Results of threshold segmentation have direct influence on final
recognition. Therefore, appropriate threshold segmentation according to practical condition is key
point. If smoothed character image by Gaussian filter is specified as local background, character
regions could be distinguished by being locally darker than their local background. So optimal
binarization could be achieved by dynamic threshold segmentation and character regions could be
extracted easily. Dynamic threshold segmentation compares image to its local background. Let
character image be denoted by f;.. and smoothed image be denoted by g;.. Then dynamic threshold
segmentation for dark regions, i.e., character regions, is defined by Eq. 2. From the binary image
generated by dynamic threshold segmentation, character regions are segmented obviously.
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Mathematical Morphology Processing

Because of inhomogeneous illumination and so on, character regions are not individual in practical
applications, but touching between some characters as well as broken within some characters.
Mathematical morphology of binary image can be used to process touching or broken characters.

Mathematical Morphology of Binary Image

Mathematical morphology of binary image is based on set theory. For the purpose of image analysis
and recognition, it is a tool for extracting image components that are useful in the description of
region shape. Fundamental principle of mathematical morphology is shown in Fig. 1. Structuring
element is treated as set which can be translated in original binary image. Mathematical morphology
operations can be implemented through transposition, intersection and complement when structuring
element translating in original binary image.
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Fig. 1 Fundamental principle of mathematical morphology

Morphological operations mainly include dilation, erosion, opening, closing, region filling and
skeleton extraction and so on. Dilation and erosion are the most fundamental operations. And many
other morphological algorithms are all based on these two primary operations. Suppose A denotes a
region, B denotes a structuring element. Specify an origin of B as the reference of morphological
operation. Then dilation of region A by structuring element B, denoted A®B, is defined by Eq. 3,
which is based on obtaining the reflection of B about its origin and shifting this reflection by x.
Dilation of A by B is the set of all displacements, x, such that reflection of B and A overlap by at least
one element [4].

A®B={x|[(B), NA]c 4}. 3)
Erosion of A by B, denoted A©OB, is defined by Eq. 4, which indicates that erosion of A by B is the
set of all points x such that B, translated by x, is contained in A.

AOB={x|(B), c 4}. 4)

Thus dilation expands a region and erosion shrinks it. If the same structuring element is used in

combination of dilation and erosion, the operations are called opening and closing. Opening generally

smoothes the contour of a region, breaks narrow connections, and eliminates thin protrusions [5].
Opening of region A by structuring element B, denoted 40 B, is defined by Eq. 5.



Advanced Materials Research Vols. 171-172 75

AoB=(AOB)®B. (5)

Closing also tends to smooth region contours but, as opposed to opening, it generally fuses narrow

breaks and long thin gulfs, eliminates small holes, and fills gaps in the contour. Similarly, closing of A

by B, denoted 4 B, is defined by Eq. 6.

AeB=(A®B)OB. (6)

Region filling operation, based on dilation, complement and intersection, fills region A beginning

with a pixel within boundary of A. Let complement of A be denoted by A°, region filling can be
implemented by Eq. 7. If X, = X, |, region filling ends on step k.

X, =(X,,®BN4A° (k=123-"). (7)
Suppose S(A) denotes the skeleton of region A. Then skeleton extraction can be described by
erosion and opening as shown in Eq.8. Let (4 O kB) denote erosion A by B for k times,

then S, (A)=( 4 © kB)—( A © kB)o B . Step K is last erosion before A becomes empty, i.c.,
K =max{k| 4O kB)=g}.

S =S, (4). (8)

Processing on Touching Characters

Firstly eliminate holes in touching character regions by region filling operation. Then construct a
structuring element, which can break touching between characters, according to touching position and
direction. Thus opening operation on filled touching region separates touching characters. Let the
result intersect with original touching region. Then individual characters are obtained.

Processing on Broken Characters

Construct a structuring element, which could fuse break of character, according to broken position
and direction. Thus closing operation on broken character connects the break. Then complete and
connected region of character is obtained for further processing.

Characters Normalization Processing

Size and shape of character obtained through above operations are usually irregular, which can
influence feature extraction and recognition. Therefore characters need to be normalized to impair the
adverse influence for higher recognition accuracy. Firstly, extract skeletons of character regions. Then
dilate character skeletons by appropriate structuring element.

Experiment and Result Analysis

Typical images of touching or broken characters are selected from experiments as examples,
touching characters shown in Fig. 2, broken characters shown in Fig. 3 and Fig. 4 respectlvely
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Fig. 2 Touching characters  Fig. 3 Broken characters | Fig. 4 Broken characters Il

Character Image Pre-processing
Smooth character image by Gaussian filter, then binarization by dynamic threshold segmentation.
Binary images of touching and broken characters are obtained as shown in Flg 5 Fig. 6 and Fig. 7.
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Fig. 5 Touching characters  Fig. 6 Broken characters | Fig. 7 Broken characters Il

Processing on Touching Characters

In Fig. 5, character 00 and 05 are touching. Extract touching regions respectively according to
region features firstly, and then morphological algorithms are used to process touching characters.
Thus the individual characters are obtained for final recognition.
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Extract character 00 from Fig. 5 as shown in Fig. 8. Then apply region filling operation on touching
character 00, holes in character 00 are eliminated and filled character 00 is shown in Fig. 9. According
to touching position and direction in Fig. 9, construct a rectangle structuring element shown on the
right of opening operator in Fig. 10, and then apply opening operation on filled character 00 as shown
in Fig. 10. So touching region is separated after opening operation by appropriate structuring element.

00 N - -0

Fig. 8 Character 00 Fig. 9 Filled character 00  Fig. 10 Opening operation on character 00

Intersect between separate regions (opening operation result of Fig. 10) and original character 00
(Fig. 8), as shown in Fig. 11. It can be seen that touching character 00 are separated already.
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Fig. 11 Intersection on character 00 Fig. 12 Dilation on character 05

Then extract character 05 from Fig. 5 as shown on the left of dilation operator in Fig. 12. Construct
a rectangle structuring element shown on the right of dilation operator in Fig. 12. Apply dilation
operation on character 05 as shown in Fig. 12. Then apply region filling operation on the dilation
operation result of Fig. 12, so filled region of character 05 can be obtained as shown on the left of
opening operator in Fig. 13. It can be seen that holes in character 05 are eliminated. According to
touching position and direction, construct a rectangle structuring element shown on the right of
opening operator in Fig. 13, and then apply opening operation on character 05 as shown in Fig. 13. It
can be seen that touching character 05 are separated after above morphological operations.

Intersect between separate regions (opening operation result of Fig. 13) and original character 05
(shown on the left of dilation operator in Fig. 12), as shown in Fig. 14. It can be seen that touching
character 05 are separated and individual characters are obtained.
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Fig. 13 Opening operation on character 05 Fig. 14 Intersection on character 05

From intersection operation result of Fig. 14, it is obvious that individual character 0 and 5 are
broken respectively. Therefore the breaks need to be fused. According to broken position and
direction, construct two rectangle structuring elements shown on the right of closing operator in Fig.
15 and Fig. 16 respectively. Then apply closing operation on the broken region of character 0 and 5 as
shown in Fig. 15 and Fig. 16 respectively. Thus the breaks are connected after closing operation by
appropriate structuring elements.

00 55

Fig. 15 Closing operation on character 0 Fig. 16 Closing operation on character 5

Touching character 00 and 05 have been processed to form individual complete characters by
morphological algorithms and can be used for final recognition.

Processing on Broken Characters

There are different breaks in character regions shown in Fig. 6 and Fig. 7, which need to be fused.
According to broken position and direction, construct circle structuring element and apply dilation
operation on broken character regions shown in Fig. 6. Then connected characters are generated and
dilation result with circle structuring element is shown in Fig. 17. Construct rectangle structuring
element and apply dilation operation on broken character regions shown in Fig. 7. Then connected
characters are obtained and dilation result with rectangle structuring element is shown in Fig. 18.
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Fig. 17 Dilation result | Fig. 18 Dilation result II

Remaining problem is character normalization for higher recognition accuracy. It can be
implemented by skeleton extraction. After skeleton extraction operation on characters shown in Fig.
17 and Fig. 18, skeleton of characters are generated as shown in Fig. 19. Then apply dilation operation
on skeleton of characters, so connected characters are obtained as shown in Fig. 20. Broken characters
have been processed to be clear and connected by morphological algorithms for final recognition.
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Fig. 19 Skeleton of characters Fig. 20 Connected characters

Conclusion

In this paper, better results have been achieved from the experiments on practical character images
with touching or break, which are based on the relative theories of mathematical morphology of
binary image. By constructing different structuring elements and selecting different morphological
operators, touching characters are separated and broken characters are connected for final recognition.
Therefore another referenced approach on touching or broken characters processing is provided for
practical applications on optical character recognition.
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