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ABSTRACT To address the low segmentation accuracy caused by the rich glyph styles of ancient Chinese
characters and the complex layout of ancient Chinese books, which affects the retrieval and recognition
results, an algorithm for the layout image analysis of ancient Chinese books and Chinese character image
segmentation is proposed. The initial segmentation results were obtained through the projection method
of the layout of ancient Chinese books, and the connected component analysis of the above results was
carried out to determine the rough divided blocks of under-segmentation and over-segmentation. Considering
under-segmentation of adhesive Chinese characters, the improved K-means clustering method was used to
segment adhesive blocks to obtain single-character images. To address the over-segmentation of character
components separation, a method based on interval-valued hesitant fuzzy set is proposed. This method ana-
lyzed the features of the connected component in the block, characterized the over-segmentation connected
component. The hesitant fuzzy distances between other connected components and the standard merge
evaluation interval number were calculated in sequence. The connected component with the smallest distance
was preferentially merged with the over-segmentation connected component until no over-segmentation
connected component remained in the block. The experimental segmentation accuracy was 89.94%.

INDEX TERMS Ancient Chinese books, Chinese character segmentation, interval-valued hesitant fuzzy set,
k-means clustering, layout analysis, layout image.

I. INTRODUCTION
Recently, from continuous advancements in ancient Chinese
book research, computer technology is popularly used to
address problems. Because ancient Chinese bookswere hand-
written with the complex layout, and rich glyph styles of
ancient Chinese characters, it is necessary to analyze the
layout image of ancient Chinese books. In order to ensure
the following image retrieval and recognition of Chinese
characters in ancient Chinese books, the complete images of
ancient Chinese characters must be segmented in the image
segmentation stage.

In the research of text image segmentation,
Qaroush et al. [1] presented an indirect segmentation-based
algorithm in investigating text image segmentation. The
proposed algorithm employed a projection profile method
with the Interquartile Range statistical method to distinguish

The associate editor coordinating the review of this manuscript and

approving it for publication was Liangxiu Han .

character parts in character part segmentation. It used a set
of statistical and topological features invariant under font
variations to distinguish actual segmentation points from all
potential segmentation points in character segmentation. The
method is suitable for segmenting Arabic character, Arabic
character parts, and overlapping characters. Nguyen and
Masaki [2] proposed a method based on a robust recognition
model to segment characters in handwritten Japanese texts.
Multi-segmentation points and over-segmentation after the
first rough segmentation using the vertical projection and
the Stroke Width Transform methods, and fine segmentation
using bridge separation and Voronoi diagrams of text were
addressed by searching a character with the optimal path for
character recognition model. Under the assumption of a good
character width estimation, this method can be suitable for
segmenting adhesive characters. In addition, [3]–[7] studied
text segmentation in other languages. Chinese characters
are characterized by complex structures and large num-
bers hence there are different text segmentation methods
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in the segmentation process compared to others. Segmen-
tation methods are popularly based on statistics [8], stroke
characteristics [9], connected component analysis [10], and
recognition [11], [12]. But it is effective to use an integrated
method than a single method in addressing some complex
segmentation. Li et al. [13] proposed a segmentation algo-
rithm based on the analysis of clustering structure and stroke
for the handwritten adhesion Chinese characters. Initially, the
dividing line was determined to extract the adhesion stroke to
analyze its type (straight line or curve), adhesion points and
segmented direction. Furthermore, a background thinning
algorithmwas used to determine the segmentation curve. This
method of addressing the adhesion of handwritten Chinese
characters was robust and resistant to noise. Xu et al. [14]
proposed a method for single-touching Chinese handwriting
with learning-based filtering. It initially detected candidate
segments by skeleton and contour analysis, and designed a
filter by supervised learning to remove unreasonable candi-
date segments. This method can be used to segment adhesive
Chinese characters irrespective of the length of the characters.

Researchers have studied the ancient Chinese character
image Segmentation. The methods of projection, piecewise
projection and segmentation of strokes features [15], and AP
clustering algorithm can be applied in ancient Chinese char-
acter image segmentation [16]. Zhou et al. [17] put forward
a multi-step segmentation method to segment characters of
ancient Chinese books. Firstly, the projection method was
employed to obtain the no adhesion characters from the
rough divided blocks. Then, for the adhesive characters, the
segmentation was performed by searching and modifying
the segmentation path in the local neighborhood of initial
segmentation path with minimum weight segmentation path
algorithm. This method can have a good result on the vertical
adhesion of Chinese characters, but it had the poor result in
segmentation the horizontal adhesion of Chinese characters.
Wu et al. [8] put forward multi-step segmentation method
based on variable window for ancient Chinese character.
Projection method was used to roughly segment characters
of ancient Chinese books. The method of variable window
was used to seek out segmentation path of every character
in the character string and segment adhesive or overlapping
characters. This method had a poor result in segmentation the
horizontal adhesion of Chinese characters. Liu and Jin [18]
proposed an improved Drop-fall algorithm to solve the char-
acter segmentation problem for ancient Korean and Chinese
books. K-means clustering was initially performed on all
possible starting drip points in the adhesion range. This
method used the point closest to the cluster center as the final
starting drip point. Finally, dripping was used to segment the
adhesion characters. The segmented characters are merged
according to the statistical threshold. Although this method
has significant segmentation result on adhesion in Korean
and Chinese characters, it can merge errors if processing
over-segmentation characters.

In summary, the projection method and the connected
component search method are reliable for the segmentation

of Chinese characters in ancient Chinese books. However,
it is difficult to get a complete image of single Chinese
characters, because there is separation of internal components
in a single Chinese character. If over-segmentation compo-
nents are going to be merged, they are affected by multiple
attributes. The problem of merger belongs to a multi-attribute
decision-making problem, and interval-valued hesitant fuzzy
sets can be used to solve the problems. Therefore, this study
proposes a segmentation algorithm for Chinese characters in
ancient Chinese books based on the interval-valued hesitating
fuzzy set used to address the over-segmentations of Chi-
nese characters in layout images of ancient Chinese books.
The interval-valued hesitating fuzzy set decision method is
used to establish the merging model to deal with the over-
segmentation characters. The multi-step segmentation meth-
ods were adopted in this study. Firstly, Projection method was
used to divided blocks roughly. Secondly, The K-means clas-
sificationmethodwas used to address the adhesive characters,
and the interval-valued hesitating fuzzy set decision method
was used to establish the mergingmodel to deal with the over-
segmentation characters.

II. ROUGH DIVISION OF LAYOUT IMAGES IN ANCIENT
CHINESE BOOKS
Layout images of ancient Chinese books are shown in
Figure 1. There are the situations of adhesion and overlap
of characters in the layout. Therefore, the projection method
was used to segment the layout images but get an incomplete
Chinese character image. Combined with the characteristics
of the layout of ancient Chinese books for layout image anal-
ysis, the input is the layout image of ancient Chinese books,
as shown in Figure 1. There is noise in the images of ancient
Chinese books, and there is a tilt when scanning the images
of ancient Chinese books. Remove the image noise of ancient
Chinese books use a denoising method, and correct skew of
the image employ the Hough transformation method which
could find straight lines in an image [19], [20]. The rough
divided block is obtained by column projection followed by
row projection of the layout of ancient Chinese books, and
searching the connected component in the block [21], [22].
The output is the sequence of the connected component, and
the type of rough divided block is defined according to the
connected component in the block. It is worth noting that
Chinese characters consist of one or more components.

There are several types of connected components in the
rough divided block, Table 2 shows that the rough divided
block includes five types: complete block, overlapping block,
single component block, adhesive block, and separation
block. (a) If there are two or more connected components in
a block, the block maybe an overlapping block, a separation
block, or a complete block with two complete characters.
In these three kinds of blocks, there are overlapping com-
ponents in the overlapping block; there are two components
which ratio of the width and height is limited to rl and ru in the
complete block, and heights of components are limited to hl
and hu; and the other is the separation block. (b) If there is one
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FIGURE 1. Layout images of Chinese characters in ancient Chinese books.

connected component in a block, the block maybe a complete
block, a single component block or an adhesive block. In a
complete block, the component has the height limited to hl
and hu, and the ratio of the width and height limited to rl
and ru. In a single component block, the component has the
height less than hl . In an adhesive, the conditions are shown
in Table 1. Where rl , and ru refer to the lower threshold of
the ratio of the width and height, and upper threshold of that,
respectively; hl , and hu refer to the lower threshold of the
height of an ancient Chinese character, and upper threshold
of that, respectively. The parameters are statistics from the
ancient Chinese books.

Different kinds of blocks need to be processed with dif-
ferent strategies. The complete block requires no operation
in the next step. There is under-segmentation in adhesive
blocks, and there is over-segmentation in overlapping blocks,
single component blocks and separation blocks, so these four
types require more operations in the next step. The connected
components of overlapping blocks are merged by estimating
the common relationship between the connected components.
As shown in Figure 2, the relationship includes complete
overlap and partial overlap. For a single component block,
the Euclidean distance between the single component block,
and the upper and lower two blocks with a single connected
component is calculated, and the connected component to
the smaller distance is selected to merge with the single
component block.

FIGURE 2. Overlapping block.

FIGURE 3. Adhesive block.

III. THE SEGMENTATION OF ADHESIVE BLOCKS
The failure of obtaining an image of a single character from
an adhesive block by connected component searching is an
under-segmentation problem. In ancient Chinese books, there
are at least two characters in the longitudinal adhesion and
two characters in the transverse adhesion as shown in Figure
3. The writing of Chinese characters is characterized by high
cohesion. The pixels of the adhesive block can be classi-
fied according to the clustering result. Compared with other
clustering algorithms, the K-means algorithm is a simple
and fast unsupervised learning algorithm [23]. Therefore, the
K-means clustering algorithm can be used to cluster adhesive
parts to achieve significant clustering result to segment the
adhesive Chinese characters.

In Figure 3, the height and width of the adhesive block
are denoted by h, and w, respectively. Longitudinal adhesion
is shown in Figure 3(a), and the number of characters in
the adhesive block is determined by comparing the average
height of statistics with that of the block. The number of
characters is used as the number of clustering categories for
the adhesive block. After the clustering, there are several
categories from top to bottom. The upper and lower edge
points in the longitudinal direction of class 1 are used as the
upper and lower initial drop-fall points of the class 1 represen-
tative character to segment the first adhesive character with
Drop-fall algorithm [24]; the upper and lower edge points
in the longitudinal direction of class 2 are used as the upper
and lower initial drop-fall points of the class 2 representa-
tive character to segment the second adhesive character with
Drop-fall algorithm; and so on to get the subsequent adhesive
characters. As shown in Figure 3(b), the horizontal adhe-
sion block has two-character adhesion, and two clustering
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TABLE 1. K Value Conditions.

categories. The conditions for the number of clustering cat-
egories K are shown in Table 1, where h, and w refer to
height of the adhesive block, and width of the adhesive block,
respectively. And h0 refers to the average height.

IV. MERGING OF SEGREGATED CHINESE CHARACTER
COMPONENTS
A. RELATED CONCEPTS OF INTERVAL-VALUED HESITANT
FUZZY SET
In practice, decision problems that cannot be represented by
exact real numbers are evaluated with reasonable interval
numbers. Closed interval a = [a−, a+] is an interval num-
ber [25]. Like real numbers, interval numbers can also be
compared in size, using the method of degree to judge the
relative size of interval numbers [26].

The interval-valued hesitant fuzzy set for X =

{x1, x2, . . . , xn} is Ẽ = {< x, h̃Ẽ (x) > |x ∈ X}, where
h̃ = h̃Ẽ (x) is the interval-valued hesitation fuzzy element
represents the set of possible interval numbers that contains
x in X [27]. Let Ã and B̃ be two interval-valued hesitation
fuzzy sets about X = {x1, x2, . . . , xn}, [28] proposed the
Generalized interval hesitation ordered weighted Hamming
distance measure of Ã and B̃, and it is expressed as
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(
xσ (i)

)
and h̃σ (j)

B̃

(
xσ (i)

)
are the interval num-

bers with the j-th largest in h̃Ã (xi) and h̃B̃(xi), respectively,
lxσ (i) = max(lÃ(xi), lB̃(xi)), lÃ(xi) and lB̃(xi) represent the
interval numbers in h̃Ã (xi) and h̃B̃(xi), respectively, wi is
determined by using the standard distribution idea as the
position weight of the evaluation attribute [28], and σ is
a ranking function defined in interval-valued hesitant fuzzy
set.

B. MERGING MODEL BASED ON INTERVAL-VALUED
HESITANT FUZZY SET
The number of ancient Chinese characters is huge with var-
ious writing styles, which results in many types of over-
segmentation. The deep learning model is difficult to meet

the need of the merge operations of over-segmentation in
training. In the over-segmentation problem of Chinese char-
acter images in ancient Chinese books, there are many
attributes that influence evaluation of the connected com-
ponents in separation blocks. Hesitant fuzzy set can be
introduced in multi-attributes decision to solve the prob-
lem of describing the correspondence between the con-
nected components under the merged attributes. Additionally,
it is difficult to quantify the merged evaluation indicators
of the connected components. Generally, qualitative evalu-
ation levels such as ‘‘larger’’, ‘‘smaller’’, ‘‘more distant’’,
and ‘‘closer’’, and other qualitative evaluation levels are
used to describe the size and distance, and other indicators.
Because the hesitant fuzzy element in the hesitant fuzzy set
decision-making method uses some value between 0 and 1
to represent the evaluation index, some evaluation results
have significant one-sidedness. The interval value hesitant
fuzzy set, if evaluating the attributes of an object, represents
and uses the evaluation information in the form of a set
of possible interval values to quantify each factor. There-
fore, the interval-valued hesitation fuzzy set can effectively
address the uncertainty in over-segmentation evaluations.
The interval-valued hesitant fuzzy evaluation method is a
comprehensive evaluation of the membership status of an
evaluated object from several perspectives. It can effectively
solve multi-attribute decision-making problems, is practica-
ble, and can be used for the merged evaluation of connected
components.
Definition 1: Suppose that the current over-segmentation

connected component of the evaluation problem is c0, and
the set of the connected components to be evaluated is C =
{c1, c2, . . . , cn}. The set of over-segmentation factors of each
evaluation attribute is P = {p1, p2, . . . , pm}. The weight
set W = {w1,w2, . . . ,wm}, wi is the importance of each

attribute in the evaluated system and satisfies
m∑
i=1

wi = 1.

The evaluation result is D = {d1, d2, . . . , dn}, and di(i =
1, 2, . . . , n) denotes the merged evaluation value of ci and c0
under the evaluation attribute P.

C. MERGED EVALUATION ATTRIBUTES
That some Chinese characters are over-segmented in sepa-
ration blocks is an over-segmentation, that is, one Chinese
character hasmultiple connected components. The evaluation
of the possibility of merging an over-segmentation connected
component with its surrounding connected components is
related to the layout of ancient Chinese books, the relative
situation of connected components, and the shape and size
of Chinese characters. Among these, the layout attributes of
ancient Chinese books can be quantified by the midline and
width indexes. The relative situation of connected compo-
nents can be understood because the relative local attributes
of Chinese characters can be quantified by the distance, pixel,
offset, and relative size. The shape and size of Chinese char-
acters can be quantified by the aspect ratio and the size after
the merger, respectively.
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Algorithm 1 Merging Algorithm for Separated Chinese
Character Components in Ancient Chinese Books
Input: Position coordinates of the separation block
Output: A coordinate set of position of the connected com-
ponent of every ancient Chinese character
Step 1 Input the position coordinates of the separation block,
and determine the set of connected components to be evalu-
ated, C = {c1, c2, . . . , cn}. Each object in the set is a con-
nected component in the separation block except the current
over-segmentation connected component.
Step 2 Determine the set of over-segmentation attributes.
There are eight factors in attributes, P = {p1, p2, . . . , p8} =
{Imid , Iwidth, Idist , Ipix , Ioff , Irel−s, Ishape, Is}.
Step 3 Determine the fuzzy relation matrix

H̃ =

 h11 · · · h1n
...

. . .
...

hm1 · · · hmn

 ,
H̃ is the evaluation matrix, ∀xi, i ∈ N , the row vector
(hi1, hi2, . . . , him) ∈ [0, 1]m is the fuzzy attribute vector D of
xi, and represents the evaluation value of ci in the evaluation
attribute pi.
Step 4 Calculate the interval-valued hesitant fuzzy decision
matrix and weight vector. Calculate the eight evaluation fac-
tors for each connected component using formulas (2) to (9).
Calculate the weight vectorW .
Step 5 Calculate the interval hesitation order weighted dis-
tance measure d(ci, c0). Under each factor, the standard
over-segmentation evaluation value is [1, 1], and the distance
measure of ci and c0 is calculated by formula (1).
Step 6 Merge the connected components. The smaller d(ci,
c0), the higher the evaluation value of merging, and the target
is preferentially merged with the current over-segmentation
connected component.
Step 7 Repeat Steps 1-6 until there is no over-segmentation
connected component in the separation block, and output the
position coordinates of the connected component of every
ancient Chinese character.

1) LAYOUT ATTRIBUTES OF ANCIENT CHINESE BOOKS
a: THE MIDLINE INDEX
The midline index, Imid , can be used as the evaluation index
of the merger of over-segmentation Chinese characters in the
separation block. The Imid evaluates the value of ci and c0
merged evaluation interval value by the relative positional
relationship of the columnmidline where the block is roughly
divided, the midline of ci, and the midline of the whole of
ci and c0. The evaluation value increases with decreasing
distance between the midline of the whole of ci and c0 and
the midline of the column. The evaluation value decreases
with increasing distance between the midline of the whole
of ci and c0 and the midline of the column. As shown in
Figure 4, the connected components with proposed merger
are considered as a whole region. Compared with the distance

FIGURE 4. Schematic of midline index.

between the midline of the column and that of ci, the length
which represents the distance between midline of the column
and that of the whole region is decrease, and the evalua-
tion value of the connected component increases. According
to this law, design the evaluation function. Thereafter, the
evaluation interval values of c1 and c2 are calculated. The
connected component with a larger evaluation interval value
is merged with c0.
Definition 2: The evaluation function under Imid is

fImid (c0, ci)

=
[
f −, f +

]
=

[e
−|lmmi−lc|

lwidth , e
−|lmi−lc|
lwidth ], |lmmi − lc| > |lmi − lc|

[e
−|lmi−lc|
lwidth , e

−|lmmi−lc|
lwidth ], |lmmi − lc| ≤ |lmi − lc|

(2)

where lwidth refers to the width of the column where
the separation block is located, lc to the middle line
of the column where the separation block is located,
lmi is the midline of the connected component, lmmi is
the midline of the connected component after the proposed
merger of c0 and ci.

b: THE WIDTH INDEX
In the separation block, the width index denoted by Iwidth
can be used as the evaluation index for the merger of
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FIGURE 5. Schematic of width index.

FIGURE 6. Schematic of distance index.

over-segmentation Chinese characters. The Iwidth evaluates
the merged evaluation value of ci and c0 by the width of
ci and the width of column which the separation block is
located. The merged evaluation value of ci and c0 increases
with decreasing width of ci. According to this law, design the
evaluation function. From Figure 5, the size of x2 is greater
than that of x1. Therefore, under the width index, the merging
evaluation value of c1 and c0 is higher, and themerger of them
is preferred.
Definition 3: The evaluation function under Iwidth is

fIwidth (c0, ci) =
[
f −, f +

]
= [

lwidth − xi
lwidth

,
lwidth − xi
lwidth

] (3)

where lwidth refers to the width of the column where the
separation block is located, and xi refers to the width
of ci.

2) RELATIVE SITUATION OF CHINESE CHARACTERS IN
ANCIENT CHINESE BOOKS
a: THE DISTANCE INDEX
The distance index, Idis, can be used as the evaluation index
for the merger of over-segmentation Chinese characters. The
Idis evaluates ci according to the principle that the merger
increases with decreasing relative distance c0. In Figure 6,
the connected component has two borders. If use the near
boundary of the reference to the current c0 to evaluate, have
xnear1 < xnear2, so the first merger of c1 and c0, if use the
far boundary of the reference to c0 to evaluate, have xfar2 <
xfar1, so the first merger of c2 and c0. So with reference
to different boundary to describe the index is in ambigu-
ity. Therefore, the interval value can accurately describe the
evaluation index, and the evaluation function is constructed

FIGURE 7. Schematic of pixel index.

using the side of the connected component to be evaluated
near and far from the current over-segmentation connected
component. Design the evaluation function can describe this
index.
Definition 4: The evaluation function under Idist is

fIdist (c0, ci) =
[
f −, f +

]
= [

1

ln2
(
xfari + 1

) , 1

ln2(xneari + 1)
]

(4)

where xfari and xneari refer to the distance values on the
near side and the distance on the far side of c0 and ci,
respectively.

b: THE PIXEL INDEX
In the separation block, the pixel index, Ipix , can be used
as the evaluation index for the merger of over-segmentation
Chinese characters. There are fewer pixels in ci, the greater
the possibility of over segmentation is, and the higher the
merged evaluation value is. According to this law, design the
evaluation function. In Figure 7, the connected component
c3 has the least pixels compared with the other connected
components in the block, and the merged evaluation value
in this index is the highest. Thus, c0 and c3 are merged
preferentially.
Definition 5: The evaluation function under Ipix is

fIpix (c0, ci) =
[
f −, f +

]
= [

xp0
xp0 + xpi

,
xp0

xp0 + xpi
] (5)

where xp0 is the number of pixels in c0, and xpi is the number
of pixels in ci.

c: THE OFFSET INDEX
The offset index denoted by Ioff can be used as the eval-
uation index for the merger of over-segmentation Chinese
characters. The smaller the offset of ci is relative to c0, the
more merger is needed, and the higher the merger evalua-
tion value is. The offset of ci from c0 is divided into two
parts: upper offset and lower offset. It cannot be accurately
represented by a real value; hence, the interval value is used
to describe the offset. The schematic of the offset index is
shown in Figure 8: the smaller the offset, the higher the
evaluation value of ci, and the higher the priority of merg-
ing it with c0. According to this law, design the evaluation
function.
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FIGURE 8. Schematic of offset index.

Definition 6: Evaluation function under Ioff is

fIoff (c0, ci) =
[
f −, f +

]
=

[
1−

max (xti, xbi)
Hi

, 1−
min (xti, xbi)

Hi

]
(6)

where xti and xbi refer to the upper and lower boundary offsets
of ci relative to c0, respectively.Hi refers to the overall height
of ci and c0 after the proposed merger.

d: THE RELATIVE SIZE INDEX
If evaluating the possibility of the merger ci and c0, the rela-
tive size denoted by Irel−s can be used as the evaluation index.
The smaller the relative size of a connected component, the
higher the merger evaluation value is, and the higher the
priority of merging it with c0. According to this law, design
the evaluation function.
Definition 7: The evaluation function under the Irel−s is

fIrel−s (c0, ci) =
[
f −, f +

]
= [

xs0
xs0 + xsi

,
xs0

xs0 + xsi
] (7)

where xs0 is the size of the connected component c0, and xsi
is the size of the connected component ci.

3) SHAPE AND SIZE OF CHINESE CHARACTERS
a: THE SHAPE INDEX
The shape index is Ishape. In this study, the separation blocks
are mostly separated from the left and right sides. In merging,
it is suitable to keep the connected component in a ‘‘slender’’
shape, that is, the height is slightly larger than the width,
and the aspect ratio describes the shape characteristics. If this
feature is used as the evaluation index, the shape is evaluated
first. If the shape is ‘‘slender’’, the merging evaluation value
is higher. In contrast, the ‘‘wide and short’’ shapes were rated
as low. From Figure 9, the proposedmerging results show that
the ‘‘slender’’ shape is consistent with the characteristics of
ancient Chinese characters than the ‘‘wide and short’’ shape,
so c0 from c1 are merged in priority.

Square characters are characteristics of ancient Chinese
books, hence the closer the connected component is to square
characters in the process of merging, the higher its evaluation
value. From Figure 10, the aspect ratio of the proposed com-
bination of c0 and c1 is less than that of the proposed combi-
nation of c0 and c1 that is consistent with the characteristics
of Chinese characters in ancient Chinese books. Therefore,
the combination of c0 and c1 is preferred.
According to these laws, design the evaluation function.

FIGURE 9. Schematic of shape index.

Definition 8: The evaluation function under Ishape is

fIshape (c0, ci) = [f −, f +]


[
xwi
xhi
, 1], xhi≥ xwi

[0,
xwi
xhi

], xhi < xwi
(8)

where xwi and xhi refer to thewidth and height after themerger
of c0 and ci, respectively.

b: THE SIZE INDEX
The size of a Chinese character is the internal information of
ancient Chinese characters. The size of the merged Chinese
character is used as a merged evaluation standard, and the
size index is Is. The merged evaluation value is obtained by
comparing the size of the whole of ci and c0 and the average
size of ancient Chinese characters obtained from the statistics.
Considering that merging the over-segmentation connected
components to the greatest extent, the best premise of the
merger is that the whole of ci and c0 is larger than the average
and less than twice the average, followed by smaller than
the average, and no combination is possible if it is larger
than twice the average, the evaluation value is 0 namely.
According to this law, design the evaluation function.
Definition 9: The evaluation function under Is is

fIs (c0, ci) = [f −, f +]


[0, 1−

s0 − si
s0

], si − s0 < 0

[1−
si − s0
s0

, 1], 0≤ si − s0 < s0

[0, 0] , si − s0 ≥ s0
(9)

where si is the size of the connected component after the
merger of c0 and ci, and s0 is the global average size of
Chinese characters in ancient Chinese books.

V. EXPERIMENTAL RESULTS AND ANALYSIS
A. EXPERIMENTAL SETTINGS
The accuracy of ancient Chinese character image segmenta-
tion is used to evaluate the advantages and disadvantages of
the segmentation method. In this study, the accuracy P of text
segmentation is defined as

P =
NT

Nsum−pri
× 100% (10)

where Nsum−pri refers to the total number of Chinese charac-
ters in the layout image sample of ancient Chinese books, and

VOLUME 8, 2020 146583



X. Tian et al.: Ancient Chinese Character Image Segmentation Based on Interval-Valued Hesitant Fuzzy Set

FIGURE 10. Schematic of ‘‘slender’’ shape.

NT refers to the number of Chinese characters with correct
segmentation.

B. EXPERIMENTAL RESULTS
‘‘Si ku Quan shu’’ is a representative ancient literature.
Si Ku Quan Shu of Wenyuan Pavilion is a source of
experimental data for researchers to analyze the layout
of ancient Chinese books and retrieve Chinese characters.
A randomly selected 100 layout images from 1500 volumes
and 28110 Chinese characters were used as experimental
samples.

Unlike modern layout writing specifications, the layout
images of ancient Chinese books are in a vertical layout,
and Figure 1 in Section II is the two layout images in the
experimental sample. From Figure 1, the main features of the
ancient Chinese characters layout image. First, the typeset of
the column text is different, the number is uncertain; second,
the characters are stuck, broken stroke, and components are
separated.

After processing the layout image of ancient Chinese
books, all rough divided blocks are obtained. Among them,
the complete block includes one Chinese character or two
Chinese characters. The type of overlapping block includes
over-lapping completely and partly between components,
also there is over-lapping between Chinese characters. The
adhesive block includes two kinds of horizontal and vertical
adhesion, and the separation block is that there is separation
of Chinese character components. Some experimental results
are shown in Table 2.

After rough division, several operations were carried out to
merge the single component block with the connected com-
ponent with the least Euclidean distance, merge connected
components in overlapping blocks, segment characters in
adhesive blocks, and merge in separation blocks to obtain sin-
gle characters. The experimental results of the segmentation
of Chinese characters are shown in Table 3.

The algorithm in this study is used to segment the lay-
out images of ancient Chinese books, and the accuracy of
each stage in the segmentation process is calculated using
formula (10). The Chinese character segmentation results
obtained are shown in Table 4.

The data in Table 4 shows that the segmentation accuracy
of the algorithm is 89.94%, particularly in the separation
merging stage, and the accuracy is significantly improved,

TABLE 2. Some experimental results.

TABLE 3. Experimental results of the segmentation part of chinese
characters.

TABLE 4. The chinese character segmentation results.

with a range of 19.45%. Therefore, the method of interval-
valued hesitation fuzzy set can solve the over-segmentation
of separation in the segmentation of Chinese characters.

C. COMPARATIVE ANALYSIS
The experiment used the algorithms in [29] and [8] to
compare with the algorithm in this study. The character
segmentation algorithm proposed in [29] is divided into
two steps: rough segmentation determines the approximate
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FIGURE 11. The partial interception of the segmentation results.

segmentation position, and further fine segmentation is per-
formed based on the method of connected component anal-
ysis and adhesion point assessment. The algorithm proposed
in [8] is also divided into two steps: roughly segmentation of
ancient Chinese character, and themethod of variablewindow
was used to seek out segmentation path of every character in
the Chinese character string. With the algorithm in this study,
the layout characteristics of ancient Chinese books are con-
sidered. After rough division, the interval-valued hesitation
fuzzy set theory is introduced to address over-segmentation
Chinese characters, multiple functions under multi-attribute
indexes are designed, and the connected components are
iteratively merged according to the interval-valued hes-
itant fuzzy distance until Chinese characters are not
over-segmented.

1) SEGMENTATION RESULTS
Figure 11(a) shows the partial interception of the segmenta-
tion results of the page images of an ancient Chinese book
using the algorithm in [29], Figure 11(b) shows that from
using the algorithm in [8], and Figure 11(c) shows that from
using the algorithm in this study. The Chinese characters of
the overlapping and adhesion problems can be well divided
with the three algorithms. TheChinese characters with radical
separation structure have wrong segmentation results using
the algorithms in [29] and [8] from Figure 11(a) and Fig-
ure 11(b). It evident that notwithstanding the up-down or
left-right structure of Chinese characters, over-segmentation
is solved, and the over-segmentation connected compo-
nents are merged under the algorithm in this study from
Figure 11(c).

FIGURE 12. Contrast line chart of the segmentation accuracy.

TABLE 5. The Segmentation accuracy of Chinese characters in Ancient
Chinese Books.

2) THE SEGMENTATION ACCURACY
The 100 layout images mentioned above were used as com-
parative experimental data. The algorithms proposed in [29]
and [8] were simulated and the results were compared with
that from the algorithm proposed in this study. The segmen-
tation accuracy was calculated as shown in Table 5, and the
contrast line chart of the segmentation accuracy is shown in
Figure 12.

Where Nsum refers to the total number of Chinese char-
acters in the dataset, P1 refers to the accuracy of the
segmentation of the algorithm in [29], P2 refers to the accu-
racy of the algorithm in [8], and P3 refers to the accuracy of
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FIGURE 13. Contrast line chart of the response time.

the algorithm in this study. From Table 5 and Figure 12, the
proposed algorithm can achieve higher accuracy in segment-
ing Chinese characters from the images of ancient Chinese
books. In the proposed algorithm, layout, block relative, the
morphological and size attributes of the characters are quan-
tified and evaluated. After hesitant fuzzy distance calculation
and connected component merging, the separated Chinese
characters can be accurately merged. Therefore, the proposed
algorithm is applicable in Chinese character segmentation of
ancient Chinese book layout images.

3) RESPONSE TIME OF THE SEGMENTATION
The contrast line chart of the response time is shown in
Figure 13.

Where Nlayout refers to the number of the layout images of
ancient Chinese books, T1 refers to the response time of the
algorithm in [29], T2 refers to that of the algorithm in [8], and
T3 refers to that of the algorithm in this study. From Figure 13,
although the response time of this study is slightly slower than
the comparative methods which is used to perform evaluation
of each attribute and calculate the interval-valued hesitation
fuzzy distance for the better solutions of over-segmentation,
it is within the acceptable level.

VI. CONCLUSION
Aiming at the layout image features of ancient Chinese books,
particularly the layout image of ancient Chinese books rep-
resented by Si Ku Quan Shu of Wenyuan Pavilion, this study
proposes a segmentation method for images of ancient Chi-
nese books with rough divisions, fine divisions, and fine com-
binations. The experimental results show that in the process
of ancient Chinese character segmentation, the adhesive char-
acters are effectively segmented, and the over-segmentation
components aremerged accurately. Combinedwith the height
feature and K-means algorithm, the segmentation of ancient
Chinese books can be completed without influence from lay-
out and adhesive morphology. Evaluation indexes and evalu-
ation functions under multiple attributes are designed, and the
interval-valued hesitation fuzzy set is constructed. The hesi-
tation fuzzy distance between the connected component to be
evaluated and the standard merging connected component is
calculated, and the merger of the connected component with
the smallest distance and the over-segmentation connected

component can obtain the complete Chinese character. The
experimental results show that the segmentation accuracy of
this method is 89.94% and can achieve the expected effect.
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