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Abstract
Image segmentation, an indispensable stage of digital image processing for computer vision,
plays an important role in linking up of image processing, image recognition and image analysis.
The blanket fractal dimension method can help segment images with irregular objects, and has
been used in different fields. Morphology is an important method in processing images through
using erosion operation, dilation operation, opening operation and closing operation, which help
perfect incomplete edges or contours of objects to a certain extent. The traditional fractal
dimension method is poor in segmenting irregular objects from a complex background because
it cannot distinguish the close grayscale between the objects and the complex background besides
different sizes of the objects, which are easy to cause under-segmentation. To improve the
segmentation effect, an improved image segmentation method based on bit-plane and morpho-
logical reconstruction is proposed in the present work. The traditional blanket fractal dimension
method is used to make a coarse segmentation of the pending images, and the coarse segmented
results are further improved through using bit-plane and morphological reconstruction. The
reconstruction role is to compensate the missing features and eliminate the invalid features. Based
on the fine segmented results carried out in the experiments, it is found that the proposed method
can obtain more accurate segmentation effect than the traditional methods in image processing.

Keywords Bit-plane .Morphological reconstruction . Blanket fractal dimension . Image
segmentation . Fixing features

1 Introduction

Image segmentation, an indispensable stage of digital image processing, plays an important
role in further image recognition, analysis and understanding for the meaningful edges,
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regions, textures and other image features. Generally used image segmentation methods are
mainly based on the threshold value [9, 27], edge detection [12, 17, 34], region growing [6,
31], specific theory [13, 26, 35] and other texture characteristic values [2]. Based on the theory
that fractal is a typical segmentation method, and has been widely applied in such areas as
industrial image detection [19, 30], environmental image monitoring [24], medical image
analysis [14], and etc.

In the process of image segmentation, the common chronic problems encountered are
under-segmentation and over-segmentation. Under different motivation and input image
characteristics, various image segmentation methods have been proposed or improved to
resolve their image segmentation problems in different applications [1, 15, 32]. Although
there have been developed a lot of edge detection, region segmentation, and other specific
theory based methods, there is no image segmentation method that is effective for varieties of
images, especially images with lots of irregular objects. Therefore, further studies on such
images are still being deepened. Fractal theory, which concept was originally proposed by
Mandelbrot [3], provides a new method to express nonlinear image information. The fractal
dimension is an important parameter of fractal geometry, which is a new measure of irregular
contours. Pentland firstly used the fractal method to segment the actual scene image, and found
that there has a clear correspondence between the image and the actual scene [23]. Guo et al.
further used the fractal method to segment abrasive particles in the oil image [8]. Despite the
images with irregular contours can be segmented by the fractal theory based method, it has
difficulties in accurately segmenting images with different shapes of abrasives.

Morphological reconstruction method, which aims at describing the image feature, is
acknowledged as a promising approach. The method uses a set of independent operations,
concepts and the mathematical algorithm to reshape the objects of interest in order to improve
the object accuracy, which is one of the most important methods for improving quality. Wu
et al. proposed an improved image segmentation method based on morphological reconstruc-
tion, and obtained more accurate results in segmentation of forth images than traditional
watershed methods [29]. Morphological reconstruction works well if there are catchment
basins that have satisfactory catchment basins in different sizes for all features. If not, over-
segmentation or under-segmentation occurs when the catchment basins are not satisfactory. In
other words, the approach needs a priori knowledge to obtain the suitable catchment basins.
Therefore, obtaining good results becomes difficult when the image includes a complicated
background.

To overcome the problems of irregular shapes and complicated background in images,
some previous methods used the contiguous matches and the multi-fractal method [33, 36].
The concept of these methods can be summarized as enhancing the availability of the shape
features of objects by transforming these features that are unsuitable in their original condition.
However, there is still a certain degree of under-segmentation besides some incomplete edges.
It is acknowledged that bit-plane images are widely used in information hiding, information
compression, etc. [18, 20], and they are also used in segmenting images [4]. Since the bit plane
at different levels contains different information, using proper bit-plane information can help to
improve the segmentation accuracy through reconstructing the detail features of the images.
We think this method is quite important because it enables the segmentation accuracy to be
carried out in the feature space. This method is discussed in more detail in section 2.

In order to solve the problems of irregular objects under a complicated background, this
paper improves the segmentation algorithm based on the bit-plane and morphological recon-
struction, using bit-plane and mathematical morphology operation to accurately identify object
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edges, and effectively perfect the under-segmentation phenomenon of the traditional fractal
method, thus to improve the accuracy of image segmentation. In Section 2, related work is
reviewed briefly. We propose an improved method and introduce the bit-plane and morpho-
logical reconstruction in Section 3. Section 4 shows the simulation experiments and the
analysis of the method is conducted, and a brief summary of the present work is concluded
in Section 5.

2 Related work

In recent years, several image segmentation methods have been developed to solve the
segmentation problems of under-segmentation or over-segmentation when facing the images
with irregular objects in a complicated background. Images with irregular objects in a
complicated background usually have the following characteristics: 1) complex textures in
the background and plenty of high frequency information; 2) no obvious threshold character-
istic due to the very close grayscale between the objects and the background; and 3) the
irregularity and uncertainty of object shapes.

Miao et al. use the fractal theory to segment CBN images captured by an optical video
microscope, points out that the key procedure is to establish the relationship of the fractal
dimension and the complicated topography change of the CBN grains [19]. Due to the
complicated CBN images, the images used in segmentation are three-dimensional (3D)
images, and the fractal dimension of the abrasive wear topography calculated is based on
the protrusion height of the abrasives. It is known that the 3D images are often used to
reconstruct the wheel topography through the method of image mosaic coupled detection,
which is very time-consuming job due to the huge information in 3D images during image
processing [5, 11]. In order to reduce the processing time, two-dimensional (2D) images were
accordingly studied. An earlier study conducted on abrasive images was conducted by Huang
et al. [10]. The morphological method was used in abrasive image segmentation. As the big
color difference between the abrasives and the background, the abrasive image can be readily
detected by the adaptive threshold method. Wu et al. proposed an approach based on quadratic
gray-level histogram connected components labeling to segment the object abrasive from the
image [28]. Although the abrasive contour can be segmented, some background boundaries
are still hard to remove. Then, Lin et al. use a multiple algorithm of snake model and
mathematical morphology to segment the global and local contours of abrasive images, and
pointed out that the contours of abrasives are hard to accurately segment due to the complexity
of background in images [16].

As abrasive images often include the complexity of background besides the irregularity of
abrasive shapes, it is easy to cause over-segmentation. For the features of abrasive images with
complex background are much closer to the natural scene, Song et al. use fractal dimension to
identify the wear abrasives [25]. The fractal dimension was calculated based on the methods of
Exact, Faena and Fast, respectively. Based on the results, it is found that the fractal dimension
of abrasive contours helps distinguish the difference among the different shapes of abrasives.
Aiming at the problem of ferrography image segmentation, an image segmentation algorithm
was proposed based on combining Gabor transform and fractal features in order to make full
use of the fractal characteristics [7]. Then, using the fuzzy C means clustering method to
achieve image segmentation. The method proposed in [7] is able to distinguish the background
area difference in gray level and segment the images.
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Based on previous studies on image segmentation, it can be found that most images
are segmented directly based on the threshold value, edge detection, region growing,
specific theory and other texture characteristic values besides subsequent morphological
processing, which is shown in Fig. 1a. Therefore, the segmentation result is directly
restricted by the segmentation method itself. If over-segmentation or under-segmentation
occurs, the results can be hardly improved. When processing images with irregular
objects under a complex background, the problems of over-segmentation and under-
segmentation are difficult to avoid.

We propose a new method for such images in order to solve problems of over-segmentation
and under-segmentation, which is shown in Fig. 1b. During the segmentation process, the
segmentation results are regarded as the coarse segmented results. Then, the coarse segmented
results are improved based on the bit-plane and morphological reconstruction, which main role
is to fix the missing features and eliminate the invalid features, and finally the fine segmented
results can be obtained.

3 Improved abrasive image segmentation method

Our proposed method consists of two steps: using a fractal dimension method to obtain the
coarse segmented results, and then reconstructing the coarse segmented results based on bit-
plane and morphological reconstruction to obtain the fine segmented results. In this section, we
first introduce the blanket fractal dimension method in Section 3.1 and then describe the
reconstruction method in Section 3.2.

3.1 Blanket fractal dimension

The fractal dimension is usually used in image processing. Generally, the more complex
the texture features, the bigger the fractal dimension and surface roughness, and there are
more noise points in images. The fractal dimension can be calculated by the methods of
box dimension algorithm, ε-blanket algorithm, fractal brown and random algorithm
(FBR), etc. [13, 21]. For abrasives, three-dimensional structures with certain shapes

Fig. 1 Completion process of (a) the previous method and (b) the proposed method. Most previous methods are
used to complete image segmentation directly based on the threshold value, edge detection, specific theory, etc.,
while the proposed method is used to complete that based on bit-plane and morphological reconstruction in order
to solve problems of over-segmentation and under-segmentation
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and sizes in space, have the height distribution, an acquired abrasive image usually has
similar information in the gray distribution. Therefore, the ε-blanket algorithm is much
suitable for such images. An abrasive image f(x, y) can be regarded as hills with similar
height proportional to their gray values [22]. The main idea of the algorithm of calcu-
lating the fractal dimension of a one-dimensional set of points is to employ area of the
image as a global measure. The area is computed based on blanket constructed around
the original image surface through successive iterations of thickening of the blanket. The
upper surface, Uε(x, y), and the lower surface, Bε(x, y), of the blanket in εth iteration,
respectively, can be given as

U ε x; yð Þ ¼ max uε−1 x; yð Þ þ 1; max
s1 x;yð Þ

uε−1 x; yð Þ
� �

ð1Þ

Bε x; yð Þ ¼ min Bε−1 x; yð Þ−1; min
s1 x;yð Þ

Bε−1 x; yð Þ
� �

ð2Þ

U0 x; yð Þ ¼ B0 x; yð Þ ¼ f x; yð Þ ð3Þ

In the formulae, S1(x, y), represents 3 × 3 pixel neighborhood and f(x, y) denotes the pixel
intensity. The term of addition or subtraction of 1 ensures thickening of the blanket in every
iteration. The blanket volume, Vε(x, y), and the blanket area, Aε(x, y), can be calculated as a
sum of differences, which can be written as

Vε x; yð Þ ¼ ∑
x;yð Þ

U ε x; yð Þ−Bε x; yð Þf g ð4Þ

Aε x; yð Þ ¼ Vε x; yð Þ−Vε−1 x; yð Þ
2

ð5Þ

Considering the gliding window of the fixed size, a series of the blanket areas, A (ε), can be
calculated based on Eq. (5), and the fractal dimension D can be obtained as

logA εð Þ ¼ 2−Dð Þlogεþ logK ð6Þ
One of the biggest problems of the image segmentation method based on fractal dimension is
causing under-segmentation due to irregular objects in the complex background. Figure 2
shows an abrasive image and its segmentation result directly using the fractal dimension
method. It should be mentioned that the original image comes from the database which is
made up of abrasive images taken by the experiments, which details can be found in
Section 4.1. Based on Fig. 2, it can be observed that there is a serious problem of under-
segmentation. Although the segmented results have been improved based on morphological
processing, the edges of segmented abrasives are still incomplete.

The segmentation results have seriously under-segmentation, the edges of abrasives are
incomplete. In order to solve the problem, we propose bit-plane and morphological recon-
struction to improve the segmented results, which role is to fix the missing features. In
Section 3.2, we describe how this method works.
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3.2 Improved abrasive image segmentation method based on bit-plane
and morphological reconstruction

3.2.1 Bit-plane

For a given 8-bit grayscale image, I(x, y), each pixel of the image under the same bit can form a
binary image according to the gray value of the pixel, and the binary image usually called as
the bit-plane image. Therefore, we can obtain eight bit-plane images through decomposing all
pixels of the image under 8-bit. The bit-plane image, b(x, y), can be described as

I x; yð Þ ¼ ∑
8

i¼1
bi x; yð Þ � 2i−1 ð7Þ

bi x; yð Þ∈ 0; 1½ � i ¼ 1; 2; :::; 8: ð8Þ
Generally, the characteristics of bit-plane image become more complex when the bit
changes from a low value to a high value. Random textures of the image gradually
decrease, and the outline of the original image gradually becomes clearer from the
approximate random noise.

Figure 3 shows the bit-plane results of the abrasive image, it can be observed that
random textures of the images are basically in the low bit-planes such as b1, b2, b3, and
b4, the abrasive features are mainly embedded in the high bit-planes such as b5, b6, b7,
and b8, especially the bit-planes of b6 and b7. Moreover, it can be also observed that the
edges or regions of abrasives in the high bit-planes are obvious, although there is much
noise in the background. Therefore, the obvious edges and regions could be further used
in abrasive contour reconstruction.

3.2.2 Morphological processing

Morphological processing is a very useful method for representation and description of object
shape. There are four basic operations in grayscale mathematical morphology, which including
erosion operation, dilation operation, opening operation and closing operation. Assuming A

Fig. 2 Illustrations of (a) the original abrasive image and (b) segmented results based on the fractal dimension
method. Abrasive sizes, shapes and colors are inhomogeneous in the image besides the rich background textures.
These features pose a challenge to the image segmentation
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and B are the sets in Z2 according to the reference [6], the four operations are described as
follows.

Erosion operation The erosion of A by B, denoted A⊙B, is the set of all points z such
that, translated by z, is contained in A. The erosion operation can be defined as

A⊙B ¼ zj Bð Þz⊆A
� � ð9Þ

For B has to be contained in A is equivalent to B not sharing any common elements with the
background, its equivalent equation can be expressed as

A⊙B ¼ zj Bð Þz∩Ac ¼ Φ
� � ð10Þ

where Ac is the complement of A and Φ is the empty set.

Dilation operation The dilation of A by B, denoted A⊕B, is the set of all displacements, z,
such that B and A overlap by at least one element. The dilation operation can be defined as

A⊕B ¼ zj B̂
� �

z
∩A≠Φ

� �
ð11Þ

Or

A⊕B ¼ zj B̂
� �

z
∩A⊆A

� �
ð12Þ

where B̂ is simply the set of points in B whose (x, y) coordinates have been replaced by (−x,
−y), and it can be defined as

B̂̂¼ wjw ¼ −b; b∈Bf g ð13Þ

Fig. 3 Bit-plane images under individual bit through decomposing all pixels of the abrasive image
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Opening operation The opening of the set A by structuring element B, denoted A∘B, is
the erosion of A by B, followed by a dilation of the results by B. The opening operation
can be expressed as

A∘B ¼ A⊙Bð Þ⊕B ð14Þ

In other words, the opening of A by B is obtained by taking the union of all translates of B that
fit into A. Therefore, its equivalent equation is

A∘B ¼ ∪ Bð Þzj Bð Þz⊆A
� � ð15Þ

Closing operation The closing of the set A by structuring element B, denoted A•B, is
simply the dilation of A by B, followed by an erosion of the results by B. The closing
operation can be expressed as

A⋅B ¼ A⊕Bð Þ⊙B ð16Þ

3.2.3 Object reconstruction

The improved image segmentation method based on bit-plane and morphological reconstruc-
tion will properly apply the bit-plane results to search correct edges of abrasive according to
the results of the blanket fractal dimension. During the reconstruction process, morphological
process will apply erosion, dilation, opening and closing operations to reshape the edges of
abrasives. Based on the idea, the whole reconstruction process, which consists of four steps,
can be expressed as follows

Step 1 Inversing Bit-plane
Inversing the binary bit-planes so that abrasives are changed into interesting

objects. Taken a binary image, for example, the inversed image is G(x, y) = 1 − b(x,
y). Here, b(x, y) is the binary image of the bit-plane.

Step 2 Establishing and marking the connected regions of bit-plane
According to the results of different bit-plane results shown in Fig. 3, it can be

observed that the most important abrasive features are in the bit-plane of b7, but it has
much noise of background. Therefore, the morphological processing method is
applied in order to obtain clear connected regions through reducing background noise
based on erosion, dilation, opening and closing operations, and the result is recorded
as G'(x, y), which is shown in Fig. 4a. In order to use the results based on the marked

connected regions, we define G
0
i x; yð Þ referring to the characteristics of the ith

connected region in the bit-plane.
Step 3 Coarse segmentation of abrasive image

Using the traditional blanket fractal dimension method to segment the abrasive
image, which is shown in Fig. 2b. Although the segmentation results are under-
segmentation, it can be used to determine the position of abrasives besides most
abrasive edges and a little invalid edges are involved. Therefore, the segmented results,
defined as H(x, y), are used as the coarse segmented results of the abrasive image.
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Step 4 Reconstructing abrasive edges
Taken the ith connected region into account, the abrasive edges of Hi(x, y) are

analyzed through comparing the results of G
0
i x; yð Þ with Hi(x, y) in the same region. If

Hi(x, y) are involved in G
0
i x; yð Þ, recording the abrasive edges of Hi(x, y) in the ith

connected region. Otherwise, recording the abrasive edges of G
0
i x; yð Þ. Based on the

recording results, the abrasive edges in the ith region can be obtained as H
0
i x; yð Þ.

The results of H
0
i x; yð Þ in the ith region can be expressed as

H
0
i x; yð Þ ¼ Hi x; yð Þ Hi x; yð Þ∈G0

i x; yð Þ
G

0
i x; yð Þ Otherwise

�
ð17Þ

Finally, the whole results of the abrasive image based on the bit-plane and morphological
reconstruction can be recorded as

H
0
x; yð Þ ¼ ∑

N

i¼1
H

0
i x; yð Þ ð18Þ

where N is the total number of connected regions.
For the Coarse segmented results have a little noise shown in Fig. 2b, and it is hard to

eliminate the noise due to the serious incomplete abrasive edges. Despite the incompleteness of
the abrasive edges has been greatly improved, the noise problem still exists. Therefore, we
further apply the morphological processing method to eliminate the noise besides forming a
complete abrasive contour.

Figure 4b shows the reconstruction results of abrasive edges based on the bit-plane and
morphological reconstruction. Compared the results with those based on the blanket fractal
dimension shown in Fig. 2b, it can be found that the abrasive edges are more complete and less
noisy, which indicates the significant effect of the proposed method.

To better present the segmentation effect obtained by the proposed method in the present
work, the segmented results obtained by the blanket fractal dimension method and the
proposed method are shown in Fig. 5.

Fig. 4 Illustrations of (a) the results of the connected regions based on bit-plane and (b) the reconstruction results
of abrasive edges based on bit-plane and morphological reconstruction. The connected regions include the
characteristics of abrasive regions and noisy regions. The reconstruction results have clear abrasive edges through
eliminating the small noise caused by background and perfecting the abrasive edges based on bit-plane and
morphological reconstruction
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It can be observed from Fig. 5 that the segmented results obtained by using the proposed
method are much better than those obtained directly through using the traditional blanket
fractal dimension method. The abrasive edges segmented by using the proposed method are
much clear and complete.

4 Simulation and analysis

4.1 Segmenting experiments

An application field of abrasive segmentation is to determine the number of abrasive particles
based on abrasive images acquired by a computer microscope system, which can be used to
evaluate the characteristics of abrasive numbers, shapes, sizes and distribution. Therefore,
accurately segmenting abrasive images is a key stage for the subsequent analysis of the digital
images. Taken the under-segmentation of abrasive images into account, the proposed method
is applied to segment abrasive images. In view of the fact that there is no public database of
abrasive images at present, we carried out an abrasive image microphotography experiment to
establish a sample database for abrasive image analysis. In the experiment, a video microscopy
system Hirox KH-1000 was used to acquire abrasive images of brazed diamond tools. The
magnification of the microscopic system ranges from 50× to 1000×. The diameter of the
diamond abrasives embedded in the tools is about 40 μm. Based on the experimental platform,
the sample database was finally established, which consists of about one hundred and twenty
abrasive images. In the segmenting experiments, we choose a number of abrasive images
randomly from the sample database taking into account of the abrasive numbers in images, the
number of abrasive particles ranges from dozens to hundreds.

Simulation experiments were conducted on the Matlab 2014 software and the proposed
algorithm was written in Matlab language, on which hardware platform is an associative
workstation equipped with 64 bits WINDOWS 7 ULTIMATE EDITION operation system, i7
2.4 GHz dual core processor and 8 GB 1066 MHz running memory.

Generally, abrasive images are much different from each other, and there is no gold
standard for abrasive image segmentation. In the present work, we use the artificial observation
method to statistically count the number of abrasives in the test images, which method is often

Fig. 5 Comparison of (a) the segmented results based on the traditional fractal method and (b) the segmented
results based on the proposed method. Abrasive edges are seriously incomplete besides a little invalid edges
when using the fractal method, while abrasive edges are much complete and little invalid edges when using the
proposed method
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used in engineering detection. In order to reduce the error, five workers are employed to count
the abrasive number, and the average number of abrasive particles is regarded as the standard
value. Therefore, we judge the segmentation accuracy by comparing the results with the
artificial results. Moreover, the recall rate of abrasive particles is used as the index of accuracy.

4.2 Results and discussion

To illustrate the segmentation effect of the proposed method, the segmentation results based on
the traditional fractal dimension method and the quadratic histogram method [28] are also
presented. Figure 6 shows the different results of abrasive numbers detected based on the three
methods besides the artificial results.

It is can be seen from Fig. 6 that all the results of abrasive numbers detected based on the
different methods are basically lower than those counted based on the artificial method, this
phenomenon further indicates the obvious influence of the complex background in images,
and it is easy to cause under-segmentation in the image segmentation process. Based on the
results, it is found that the abrasive numbers detected based on the proposed method are the
closest to those counted based on the artificial method. Comparing with the results based on
other two methods, it is found that the worst results are detected by the quadratic histogram
method. From the aspect of abrasive numbers, the order of the three methods from more
accurate to less accurate is the proposed method, the fractal method and the quadratic
histogram method.

In order to quantitatively express the segmentation accuracy, the recall rate of abrasive
particles caused by the three methods is also investigated, and the result of the recall rate is
shown in Fig. 7.

Based on the results of the recall rate shown in Fig. 7, it can be seen that the recall rate
generated by the proposed method is higher than that generated by the fractal method and the
quadratic histogram method, which indicates that the proposed method can segment abrasive
images more accurately. The average recall rate is about 92% when using the proposed method
to segment abrasive images, which shows a fairly high robustness. Moreover, it can also can be
observed from Figs. 6 and 7 that the number of abrasive particles in the abrasive image has an
obvious influence on the recall rate. When the number of abrasive particles is probably less
than 40, the recall rate increases with the increasing number of abrasive particles in the images.
When the number of abrasive particles is probably more than 40, the changes of recall rate
become relatively stable, which is due to the better fractal effect when more abrasive particles

Fig. 6 Comparison of the number of abrasive particles in images with different segmentation methods
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in images. Based on the experimental results, it can be concluded that the proposed method is
validated to segment abrasive images under a complicated background.

5 Conclusion

The present work proposes a segmentation algorithm to improve the image segmentation effect
based on bit-plane and morphological reconstruction, which is suitable for segmenting abra-
sive images with irregular shapes and different sizes of abrasive particles under a complex
background. The coarse segmented results are firstly obtained through using the blanket
factual dimension method. Then, the fine segmented results can be obtained through
reconstructing the coarse segmented results based on bit-plane and morphology. The experi-
mental results show that the incomplete edges of abrasive particles under the complex
background can be perfected whether the sizes of abrasives are large or small. When the
number of abrasive particles is probably more than 40, better segmentation accuracy can be
achieved for the better fractal characteristics presented by the abrasive images. It is very
satisfactory to apply the blanket fractal dimension method for abrasive images when taking
into account bit-plane and morphological reconstruction.

Acknowledgments The authors would like to thank the financial support of the projects from the National
Natural Science Foundation of China (Grant No. 51675193), the project of Distinguished Young Scientific and
Technological Talents in Fujian Provincial Higher Institutions (2017), the project of Natural Science Foundation
of Fujian Province (Grant No. 2016 J01235), and the project of Fujian Provincial Department of Education of
China (Grant No. JAT160633).

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps
and institutional affiliations.

References

1. Atkociunas E, Blake R, Juozapavicius A, Kazimianec M (2005) Image processing in road traffic analyses.
Nonlinear Anal Model Control 10(4):315–332

2. Baba N, Ichse N, Tanaka T (1996) Image area extraction of biological objects from a thin section image by
statistical texture analysis. J Electron Microsc 45:298–306

Fig. 7 Comparison of the recall rate of abrasive particles in images with different segmentation methods

29208 Multimedia Tools and Applications (2019) 78:29197–29210



3. Chen SL, Huang YQ, Zhang H, Yang XX, Guo H (2014) Application of fractal theory on identification of
near-surface defects in ultrasonic A-scan detection. J Comput Appl 34(11):3365–3368

4. Deng X, Li JL, Feng FJ, Wang L, Yu ZM (2016) An image segmentation algorithm based on gray bit plane
for flame. Adv Comput Sci Res 50:365–369

5. Gong JF, Xu XP (2006) 3-D surface reconstruction of grinding wheel topography based on depth from
focus. J Diam Abra Eng 154(4):14–16

6. Gonzalez RC, Woods RE (2007) Digital image processing, 2nd edn. Pearson Education, Upper Saddle
River

7. Guo HG, Jun QU (2014) Clustering segmentation of Ferrography based on Gabor transform and fractal
fearture. J Chin Comput Syst 35(6):1392–1395

8. Guo HG, Qu J (2014) Clustering segmentation of ferrography based on gabor transform and fractal feature.
J Chin Comput Syst 35(6):1392–1395

9. Hemachande S, Verma A, Arora S, Panigrahi PK (2007) Locally adaptive block thresholding method with
continuity constraint. Pattern Recogn Lett 28:119–124

10. Huang P, Jia MP, Zhong BL, Hu XG (2006) Micromorphology analysis and automatic identification
technique for wear particles. J Southeast Univ 36(3):411–415

11. Huang SG, Duan N, Chen X, Yu YQ, Xu XP (2013) Image mosaic coupled detection of grinding wheel
topographies. Int J Abras Technol 6(6):147–157

12. Kang CC, Wang WJ (2007) A novel edge detection method based on maximization of the objective
function. Pattern Recogn 40(2):609–618

13. Keller JM, Chen S, Crownover RM (1989) Texture description and segmentation through fractal geometry.
Comput Vis Graph Image Proc 45(2):150–166

14. Kisan S, Mishra S, Rout SB (2017) Fractal dimension in medical image: a review. Int Res J Eng Technol
4(5):1102–1106

15. Li H, Manjunath B, Mitra SK (1995) A contour-based approach to multi sensor image registration. IEEE
Trans Image Proc 4(3):320–334

16. Lin YF, Wu F, Fang CF (2015) Wear feature extraction for diamond abrasive based on image processing
techniques. In: Proceedings of the International Conference on Energy, Environment and Materials Science
(EEMS), p 823–827

17. Liu Y, Li M, Mao L (2006) An algorithm of multi-spectral remote sensing image segmentation based on
edge information. J Remote Sens 10(3):350–356

18. Liu YN, Zhong Q, Chang CC (2017) A novel image protection scheme using bit-plane compression and
secret sharing strategies. J Chin Inst Eng 40(2):161–169

19. Miao Q, Ding WF, Xu JH, Yang CY, Fu YC (2013) Fractal analysis of wear topography of brazed
polycrystalline CBN abrasive grains during grinding nickel super alloy. Int J Adv Manuf Technol 68(9-
12):2229–2236

20. Nguyen TD, Arch-int S (2016) An adaptive multi bit-plane image steganography using block data-hiding.
Multimed Tools Appl 75:8319–8345

21. Oommen RS, Jayamohan M, Sruthy S (2016) Using fractal dimension and singular values for image forgery
detection and localization. Procedia Technol 24(1):1452–1459

22. Peleg S, Naor J, Hartley R, Avnir D (1984) Multiple resolution texture analysis and classification. IEEE
Trans Pattern Anal Mach Intell 6(4):518–523

23. Pentland AP (1984) Fractal-based description of natural scenes. IEEE Trans Pattern Anal Mach Intell 6(6):
661–674

24. Ricotta C, Avena GC, Olsen ER, Ramsey RD, Winn DS (2018) Monitoring the landscape stability of
Mediterranean vegetation relation to fire with a fractal algorithm. Int J Remote Sens 19(5):871–881

25. Song HR, Chen GM, Jiang LZ (2007) Research on the techniques about identification of wear particles
based on fractal dimension. Chin J Sci Instrum 28(4):467–471

26. Sun TZ, Zhang W, Wang ZJ, Ma L, Jie ZQ (2018) Image-level to pixel-wise labeling: from theory to
practice. In: Proceedings of the Twenty-Seventh International Joint Conference on Artificial intelligence
(IJCAI), p 928–934

27. Wu T (2014) Adaptive rough entropy method for image thresholding. J Image Graph 19(1):1–10
28. WuWY, Cui CC, Ye RF, Zhang YZ, Yu Q (2016) Image segmentation method using second time gray level

histogram of connected component labeling of grinding wheel abrasives grains. J Huaqiao Univ 37(4):422–
426

29. Wu YP, Peng XQ, Ruan K (2017) Improved image segmentation method based on morphological
reconstruction. Multimed Tools Appl 76(19):19781–19793

30. Zahouani H, Mansori ME (2017) Multi-scale and multi-fractal analysis of abrasive wear signature of honing
process. Wear 376-377:178–187

Multimedia Tools and Applications (2019) 78:29197–29210 29209



31. Zhang W, Cham WK (2012) Gradient-directed multiexposure composition. IEEE Trans Image Process
21(4):2318–2323

32. Zhang LP, Li GY, Yu CM, Li H (2011) Improvement of tissue contour extraction method in medical image.
Comput Simulat 28(3):271–270

33. Zhang SS, Liu Y, Zhao ZB (2015) Fractal image retrieval algorithm based on contiguous-matches. Comput
Sci 42(12):292–311

34. Zhang WD, Zhang W, Liu K, Gu J (2017) Learning to predict high-quality edge maps for room layout
estimation. IEEE Trans Multimedia 19(5):935–943

35. Zhang W, Chen Q, Zhang WD, He XY (2018) Long-range terrain perception using convolutional neural
networks. Neurocomputing 275:781–787

36. Zhu Y, Li XB (2016) Environmental image edge detection using improved multifractal method. Comput
Appl Software 33(8):221–224

Yanfen Lin is an assistant professor at School of Computer and Artificial Intelligence, Xiamen Institute of
Technology. She received the Master’s degree at the College of Information of Huaqiao University. Her research
interests include image processing and computer application.

Liuxi Wu received his Master’s degree at the College of Software of Xiamen University. He is a lecturer at
School of Computer and Artificial Intelligence, Xiamen Institute of Technology. His research interests include
image processing and big data analytics.

29210 Multimedia Tools and Applications (2019) 78:29197–29210


	Improved abrasive image segmentation method based on bit-plane and morphological reconstruction
	Abstract
	Introduction
	Related work
	Improved abrasive image segmentation method
	Blanket fractal dimension
	Improved abrasive image segmentation method based on bit-plane and morphological reconstruction
	Bit-plane
	Morphological processing
	Object reconstruction


	Simulation and analysis
	Segmenting experiments
	Results and discussion

	Conclusion
	References


