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Abstract: Based on fuzzy clustering under the image background, this study proposes a new stroke extraction
method of Manchu. Firstly, the digital image processing method 1s used to extract the Manchu word from an
image background picture, do the de-noising, thinning, pruning and other pre-processed for fuzzy clustering.
Then the mid-axis of Manchu character, termination point, interior points, intersection points is defined and
finds the boundary point on mid-axis, use the stroke growth algorithm to separate the stroke so as to achieve
the purpose of Manchu text stroke elaborates. To verify the feasibility of the method, this study carried out a
text extraction on handwritten Manchu and printed Manchu. Simulation results show that the method is
effective in separating the Manchu stroke and laid a solid foundation to the further study of Manchu

identification.
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INTRODUCTION

Manchu as ever of the ruling class, a large number of
political, cultural, economic, military, diplomatic,
astronomy and other aspects of the data are recorded by
the Manchu, it has a very high listorical value, if it
disappeared, these materials also loses its value.
Zhang et al. (2007) Now the country have very few people
can speak Manchu, Expert in the language of the people
are much rarer, therefore research on Manchu character
recognition system 1s very unportant for the protection of
cultural heritage in the Qing Dynasty. Meanwhile, it is
also a great contribution to the scanning to identify other
Altai based languages, especially on the recognition of
Mongolian and Sibo text. While the extraction of Manchu
words is the key step of Manchu character recognition
system, so do the extraction of Manchu languages is
particularlyimportant (Chen, 2008, Wang and Zuo, 2011).

With the rapid development of computer technology,
multimedia technology and commumcation technology,
the multimedia information based on image, audio
andvideo 1s rapidly becomimg the mainstream on the
exchange of information and services (Peng et af., 2010).
And the text in the image also reflects the important parts
of the image. Tt is crucial to extract the text in the image
accurately if we want to identify the mnage correctly
(Hincheliff ez al., 2012). And correct extraction of the
Manchu language is an important part to improve the
recognition rate, this study mainly studies the Manchu
character extraction method of stroke growth based on
Fuzzy clustering method under the image background.

FUZZY CLUSTERING ALGORITHM

Maximum membership degree principle: Let X be the
recognition elements, X - Al eF(X)(i=1,2,--,n) is of n
fuzzy pattern, Ai eF(X)(i=12,,n) is its corresponding
membership functions. For any element x mn X, we can
determine which model it belongs according to the
following principles:

K (x) :max{uﬁl (X)>u.&2 (x)f':”;&h (X)} (1

x 1s considered attributable to the kind represented by A, .
It 1s called the principle of maximum degree of
membership. Tt represents the difference between the
within class 1s smaller than the inter class (Abdullah et af.,
2013).

FCM Algorithms: We see the umage pixel as the
sample points of data set see the pixel of the feature
(for grayscale image, namely gray) as sample points of the
featwre. According to the principle of maximum
membership degree the target area will split from the
image, first, the membership matrix and cluster centers of
the data set 1s needed, find the maximum membership
value of each class in the membership matrix; then extract
the pixel which value equals to the maximum membership
value, that 15 the classification of what we want; finally
analysis the feature of pixels value so as to extract the
target region. The step of determine the fuzzy clustering
center; membership degree matrix with the method of FCM
is as follows:
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FCM put a data set X = {x1, x2, ..., xn} contains vector n
into C categories, among them xj = (x1j, x2j, ..., xsj). Data
set of n vectors belongs to C categories of membership
can be classified as the following membershup function
matrix:

By M o My
U= (2

R Hey - Hy

pij,i=1,2,...,¢,3=1,2, ..., n, shows of the membership
the j-th vector xj belongs to the i-th class. It is should
meet:

Zuijzlsjzlaza”'an (3)
i=1

The defimtion of fuzzy clustering center 1s V = {v1,
v2, ..., vc}, where vi represents the i-th cluster center of
fuzzy set pi, i =1, 2, .., ¢; the distance between the j-th
mput vector x] and the i1-th fuzzy cluster center vi is
defined as:

2

d,=|v.-x|= i(vﬂ—xﬂ) A=12,cj=12-n
=
d,20,i=12,,¢j=12--,n 4
Set:
(U, V)= 3 w,od,’

among them, p1j and dyj 1s obtamed by using the above (3)
and (4) me[l,») is a weighting coefficient. The purpose
of the algorithm is to find a suitable U and V so that T (TJ,
V) 1s mimimized. For this problem we can construct a
Lagrange function:

B

L=J{U,V)+ x{ c uulj ®)
j=1 i=1

where, 3 = (Ao )T R 1s the Lagrange multiplier.
We can get the fuzzy clustering center according to the
formula as follows:

The fuzzy clustering center is as follows:

n
1m,
2,
_ s
v =i i=12,,

pNT

=1

c 7

We can obtamn the membership function according to the
formula:

N a[i“’u_l}
awy) 3, AENT ®

o, =) &1

While the membership function 1s as follows:

1

o (d (©)
53]

i

p‘u =

If the data set X, clustering number ¢ and weighting
coefficient m is known, then the optimal membership
matrix and fuzzy clustering center can obtain by formula
(7) and (9). Algorthm of iterative steps 1s as follows:

Firstly, Initialization: use a random number between
(0,1) to initialize the membership function matrix and pay
attention to the constraints:

Z::puzl,jzl,Q,---,n
i=1

Then, accurate the fuzzy clustering center:

2A=12,,

c

iuﬁ“(l)&
vi(l)=tF——
;uii (1)

Furthermore, calculate the value of function :

HUVI=2 3 1" (14,

i=1 i=1

and judge whether it 13 less then e, which € 13 a small
positive real number. We will stop the calculating and
getting the fuzzy clustering center and membership degree
matrix if the value 1s less then ¢, otherwise, continue to
the next step.

Fmally, let 1= I+1, calculate the membership function
as follows and go to the step 2.
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v
[ dy (1-1) =
e

MANCHU TEXT EXTRACT UNDER THE IMAGE
BACKGROUND

Ky (1):

Image Segmentation Based on Fuzzy Cluster:In this
study the approach of color image segmentation is based
on the fuzzy maximum degree of membership. Before the
image segmentation based on principle of fuzzy maximum
degree of membership, first, observe the pixel feature of
target area from the histogram, then the pixel values are
classified by FCM algorithm, calculate the membership for
each pixel belongs to each category in the color umage,
finally, according to the principle of maximum degree of
membership to determine those pixels of each class of
fuzzy sets belonging, thus completing the image
segmentation. Image segmentation is showed in Fig. 1.

Manchu text preprocessing: Do the pre-processed on the

Manchu words after segmentation with the fuzzy

membership method, we can remove the noise around the

words. Preprocessing mainly completes the work of

denoising, thinming and pruning which s showed Fig. 2.
The specific process 1s as follows:

*  Denoising: Because Manchu words have more
details characteristics on the left side of mid-axis,
while right featwe less, this study uses
morphological processing to filter out noise. First set
a structure element, we find using the 1*2 rectangular
structure element 1s the best through experiments.
Corrosion Manchu word with the structural elements
and then do the closing operation, however, we don’t
achieve the desired results from the mmage, so set the
new structural elements according to the need, do the
further corrosion process on the wnsatisfactory area.
Remove the noise after morphological filtering. As it
shows in Fig. 2a-c

¢ Skeletonized: After the noise treatment Manchu
word needs to be refined. Due to the refinement will
refine the word inte a ring, changed the original
shape, study adopts the method of
skeletonized, it can remains the important information
of original object shape. As it shows in Fig. 2d

so this

*  Pruning: As skeletomzed usually produce irrelevant
“burr” or parasitic components, pruning can eliminate
the “burr”, here a pruning 1s enough. As 1t 1s showed
mnFig. 2e.

Fig. 1(a-b): Tmage segmentation (a) Manchu character
and (b) Segment image

@ (b) ©

(d) (e ®

Fig. 2(a-e): Manchu text preprocessing (a) Wipe out,
{(b) Binaryzation (¢) Denoising (d) Thimming
{e) Pruning and (f) Mid-axis

Although Manchu 1s composed of letters, it 1s not
like the English words which have a very clear boundary
between letters. Manchu words have no space between
letters and different letters in different positions have
different writing. This makes the division of Manchu
stroke very difficult.

This study uses classification method of stroke
primitives, through the analysis we found that most of the
Manchu writing body is vertical. Font structure is about
structure so each Manchu word has a mid-axis as the
backbone; all the strokes are outward expansion from the
mid-axis. The strokes in the left of the mid-axis and
connected with mid-axis is called left connecting strokes,
unconnected strokes is called left free strokes; Similarly,
the strokes in the right of the mid-axis and connected with
mid-axis 1s called right connecting strokes, unconnected
strokes 1s called right free strokes. Thus the strokes can
be divided into four categories, respectively 1s the left
connecting strokes, right connecting strokes, left free
strokes and right free strokes.
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Extract Mid-axis: After pretreatment, do the rank
scanning on the extraction text and find the most effective
pixel column as a mid-axis, as shown in Fig. 2f The
longest one n the middle 18 mid-axis. In order to reduce
the main shaft caused by writing reason or the image
acquisition process, study horizontal extension of the
mid-axis to the right and left, the extension width is 1/10 of
text width.

Stroke classifications: After refining the pixels can be
divided into the following categories:

+  Critical point: We have find the boundary of mid-
axis, on the boundary scan to find the pixel which
value is not zero and then store it. These points can
be divided mto left and right critical pomt due to the
different of cross boundary

* Interior points: Progressive scan the word, if the
value of the points is 1 and the sum of its eight
neighboring pixels 1s 2, stored 1t until the scamming 1s
completed. That is Rx =1 and Rx = 1. According to
the border area, the interior poimnts are divided mnto
internal points outside the boundary and interior
poit within the boundary. The formula is as follows:

1 i4l

B, =33 img(i, j)—imgd, ) (10)

-1 i1

R, =mg (L, 1) (11)

The 1, j 1s the current location of pixel values. 1ng 18
the image which is preprocessed, Bx represents the sum
of eight neighborhood of current pixel, Rx is the current
pixel value.

¢  Intersection point: If scanned a effective pixel and
the sum of its 8 neighborhood values 1s greater than
2, that is to say Bx>2, Rx = 1, then the point is the
intersection point

¢+  Termination point: If scanned a effective pixel and
the sum of its 8 neighborhood values 13 1, that 1s to
say Bx = 1, Rx = 1, s0 the point is the termination
point

+  Stroke growths: After the Manchu text pixels are
classified, we use the stroke growth method for text
stroke extraction, at this time you should pay
attention to the seed pixels, growth criterion and
growth stop criterion. Specific steps are as follows:

*  Fustgenerate a zero matrix which have the same size
with the original image and generate the mid-axis in
them, then carries on the anti color processing. The
first left boundary point was regarded as the seed
point to grow

(@ (b) ()

(d) (e ®

@ (h) (0]

Fig. 3(a-g): Manchu character extraction process with
stroke growth

»  Depending on the size of pixel values around the left
boundary point set a threshold value, since the image
has been binarized, we set the threshold 0. The 1mtial
number of pomnts will meet the region’s growing
conditions set to 1, track the effective pixel on the left
which 1s adjacent to the boundary point. If the
difference between the tracking pixel and the
boundary pixel is less than the threshold we set, then
set the track point as valid point to get the new pixel
seed s0 as to continue to grow, otherwise the growth
stops

s After the trace is complete, gather all the effective
pixels then we will get the strokes by the growth

»  Then scan the other boundary points sequentially on
the left and get the corresponding connecting
strokes. The same approach to the right ones. Grow
from the left boundary pomts was called left
connecting strokes, grow from the right bowundary
points was called right connecting strokes. Thus, the
off-line handwritten Manchu character strokes were
extracted, the extraction process 1s
Fig. 3a-1

shown 1n
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Fig. 4(a-c): Handwritten Manchu character extraction (a)
Handwritten original image, (b) Handwritten
mid-axis positioning (¢) Character after stroke
growth

Fig. 5(a-c): Printed Manchu  character extraction
(a) Printed original (b) Mid-axis image
positioning and (¢) Character after stroke
growth

EXPERIMENTAL ANALYSIS

In order to verify the effect of stroke growth on the
text extraction, this study does a experiment on the image
of handwritten Manchu. Text extraction on a image which
contains 1000 handwritten Manchu character that not
have free strokes, from the result we can find that all the
Manchu characters are extracted, the extraction rate 1s
100%, as shown in Fig. 4. (a) For the handwritten original
image, (b) For the handwritten Manchu mid-axis
positioning, (c) Is the character after stroke growth.
Obviously have a high accuracy. We also extract
character from an image containing 1000 printed Manchu
words with stroke growth method, the extraction rate also
reached 100%, as shown mn Fig. 5, (a) For the printed
original image, (b) For the mid-axis positioming, (c) Is the
character after stroke growth. From the experimental result
we can see the stroke growth method is effective for the
extraction of Manchu text.

CONCLUSION

In this study we use stroke growth method to extract
character on handwritten Manchu, printed Manchu and

Manchu under color image background, using digital
image processing method for image pre-processing,
achieve denoising effect by dilation and erosion, and then
thinming and pruning on the mage after denoising. Find
the mid-axis and the seed point on it; finally do the stroke
growth so as to achieve the purpose of text extraction.
Experiments shows that the method can accurately
extracted Manchu character m color images, it’s a good
text extraction method, thereby lay a good foundation for
the recognition of Manchu language.
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