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In order to effectively improve the pathological diagnosis capability and feature resolution of 3D
human brain CT images, a threshold segmentation method of multi-resolution 3D human brain
CT image based on edge pixel grayscale feature decomposition is proposed in this paper. In this
method, first, original 3D human brain image information is collected, and CT image filtering is
performed to the collected information through the gradient value decomposition method, and
edge contour features of the 3D human brain CT image are extracted. Then, the threshold
segmentation method is adopted to segment the regional pixel feature block of the 3D human
brain CT image to segment the image into block vectors with high-resolution feature points, and
the 3D human brain CT image is reconstructed with the salient feature point as center. Simu-
lation results show that the method proposed in this paper can provide accuracy up to 100% when
the signal-to-noise ratio is 0, and with the increase of signal-to-noise ratio, the accuracy provided
by this method is stable at 100%. Comparison results show that the threshold segmentation
method of multi-resolution 3D human brain CT image based on edge pixel grayscale feature
decomposition is significantly better than traditional methods in pathological feature estimation
accuracy, and it effectively improves the rapid pathological diagnosis and positioning recognition
abilities to CT images.

Keywords: Multi-resolution; 3D human brain CT image; segmentation; feature extraction;
recognition.

1. Introduction processing technology to medical image analysis

With the development of digital image processing  can improve medical pathological diagnosis and
technology, the application of 3D digital image  analysis capabilities. Human CT images are images

*Corresponding author.

This is an Open Access article published by World Scientific Publishing Company. It is distributed under the terms of the Creative
Commons Attribution 4.0 (CC-BY) License. Further distribution of this work is permitted, provided the original work is properly
cited.

1850037-1


http://dx.doi.org/10.1142/S1793545818500372

J. Innov. Opt. Health Sci. 2018.11. Downloaded from www.worldscientific.com

by 2001:250:4000:420b:e17e:45b8:4836:5cc4 on 12/25/18. Re-use and distribution is strictly not permitted, except for Open Access articles.

L.-L. Cui € H. Zhang

of human organs imaged by CT light scanning
technology. Analyzing CT images can realize path-
ological diagnosis and localization of human organs.
Through high-resolution 3D image processing tech-
nology, image feature extraction is improved based
on the CT image analysis, thus realizing rapid lo-
calization and analysis of human pathological fea-
tures.! CT image analysis plays an important role in
pathological analysis of human bones and brain. In
the detection of brain diseases, it is required to per-
form high-resolution recognition and feature ex-
traction to the 3D human brain CT images and
analyze the 3D human brain CT image for patho-
logical diagnosis through the singular feature point
location analysis method. The recognition of 3D
human brain CT images is based on threshold seg-
mentation, and accurate localization of human brain
diseases is achieved through image segmentation and
edge contour feature extraction. Therefore, it is of
great importance to study threshold segmentation
methods of multi-resolution 3D human brain CT
image in recognition of human brain CT image, and
more and more attentions have been paid to the re-
search of image processing methods.?*

In traditional methods, 3D human brain CT
image segmentation and feature detection are
mainly performed through the ultrasonic echo de-
tection method and edge contour feature segmen-
tation method.* The Harris corner point detection
technology is adopted for CT image feature location
and the adaptive feature decomposition method for
3D human brain CT image reconstruction, which
has achieved good resolution and recognition ca-
pabilities. However, the method is complex and
time-consuming. In Ref. 5, a threshold segmenta-
tion method of multi-resolution 3D human brain
CT image based on texture superpixel edge seg-
mentation is proposed. In this method, dynamic
enveloping contour decomposition method is adop-
ted to perform block segmentation of CT images,
and the feature matching method is adopted to re-
construct and recognize the dynamic feature points
of the 3D human brain CT images, so as to improve
the pixel matching ability of the images. However,
this method has the problems of excessive comput-
ing overhead and low accuracy of feature decom-
position in the threshold segmentation of multi-
resolution 3D human brain CT images, practicality
is not strong. In Ref. 6, a feature segmentation al-
gorithm of 3D human brain CT image based on
bright spot distribution detection is proposed. In

this method, an active contour model for 3D human
brain CT images is constructed, and threshold
denoising and filtering are performed on the images,
and with the corner detection method, the abrupt
point detection of the CT images is performed,
which improves the ability to rapidly search and
locate the disease cause points of the CT images.
However, this method is easy to be affected by
local disturbance points in CT image segmentation,
resulting in poor segmentation accuracy of images
and proneness to excessive segmentation, it makes
the final research result deviate. In Ref. 7, an im-
proved image segmentation method is proposed to
realize accurate diagnosis of human brain diseases.
In this method, initial segmentation is carried out to
the region-of-interest of image with lesions in a
human brain CT image based on the FCM clus-
tering principle, and a network diagram is con-
structed for the 3D CT image with enhanced filter
based on the grayscale and spatial information, and
then the network diagram is segmented based on
the graph cutting theory. In this way, the image
with lesions in the human brain CT image is seg-
mented. Experimental results show that this pro-
posed method can effectively improve the diagnostic
accuracy of human brain diseases. However, the
segmentation process in this method is more com-
plex, the current medical level is difficult to achieve,
so its operability is poor. In Ref. 8, a fast 3D re-
construction algorithm of multi-resolution cone-
beam CT image based on wavelet transform is
proposed. In this algorithm, wavelet transform of
corresponding scale is performed on collected pro-
jection images, and wavelet coefficients of corre-
sponding scales are selected to perform FDK
reconstruction, and then corresponding low-resolu-
tion 3D image data can be obtained, thus high-
resolution 3D image data can be obtained, it
improves the diagnostic efficiency. Experimental
data shows that this method can be adopted to not
only obtain 3D image data with different resolu-
tions, but also generate high-resolution 3D image
data with the same resolution and similar precision
compared with the traditional FDK algorithm, and
the reconstruction speed can be increased by more
than 1 times. However, this method cannot provide
sufficient segmentation accuracy and the obtained
data is not accurate enough. The practical appli-
cation of this method is of little significance.

In order to solve the problem of threshold seg-
mentation accuracy and accuracy of traditional
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methods is not high, a threshold segmentation
method of multi-resolution 3D human brain CT
image based on edge pixel grayscale feature de-
composition is proposed in this paper. In this
method, first, original 3D human brain image in-
formation is collected through CT scanning tech-
nology and CT image filtering is performed to the
collected information through the gradient value
decomposition method and edge contour features of
the 3D human brain CT image are extracted. Then,
the threshold segmentation method is adopted to
segment the regional pixel feature block of the 3D
human brain CT image to segment the image into
block vectors with high-resolution feature points,
and the 3D human brain CT image is reconstructed
with the salient feature point as center to realize
high-resolution identification and segmentation of
the CT image and achieve accurate location and
recognition of singular feature points. Finally, the
experimental results show that the method can ef-
fectively improve the threshold segmentation accu-
racy and recognition accuracy of multi-resolution
human brain CT images, and the whole has more
advantages.

2. Pixel Feature Acquisition and
Denoising Preprocessing of 3D
Human Brain CT Image

2.1. Acquisition of 3D human brain
CT image

In order to perform threshold segmentation to a 3D
human brain CT image, pixel features are collected
through the 3D template matching method, and
adaptive feature decomposition is performed to the
collected 3D human brain CT image. During ac-
quisition of pixel features of the 3D human brain
CT image, a coordinate system is constructed as
follows:

x = Rsinncos¢p 0 < ¢ < 2m,
y= Rsinnsing 0<n<m, (1)
z= Rcosn R=D/2,

where 7 represents the template matching value of
the 3D human brain CT image in a polar coordinate
system and ¢ represents the deviation angle of le-
sion feature points in the 3D human brain CT
image. Laplacian sharpening template matching
method is used to acquire real-time 3D human brain

CT images and extract the feature information of
3D human brain motion images. According to the
extracted information, a test set and a training set
of three-dimensional human brain motion images
are constructed, and the characteristic quantities of
various damage states of three-dimensional human
brain are analyzed.” A pixel set of 3D human brain
CT image acquisition output is given as follows:

J1(W;)

o

1

t
= Z leTxlr - WiTx;rpH irp
r=1 p=1
t ky
= Ztr(Wi W1T ;Tp)(Wl W7T ;rp) Azrp
r=1 p=1
t  ky
= tr(WiT[(xir - x;rp)(xir - x;rp)TAirp]VVi)
r=1 p=1
= (WL |:ZZ Lir — 17’[1 - irp)TALrp W)
r=1 p=1
where

t kq
= Z Z - zrp - x;rp)TAirp‘ (3>

r=1 p=1

The seed point matching method is adopted to di-
vide the 3D human brain CT image into 3 x 3 pixel
blocks in the 8-neighborhood pixel feature space.
The imaging region of the 3D human brain CT
image is defined to be M x M, and it is set to be
3 % 3 in this paper. The image block feature quan-
tities in the z-direction and y-direction of the 3D
CT imaging edge scale are calculated, and then the
3D human brain CT image corner information is

obtained,'” which can be simplified in the following
form with J,(W;).
S (W)
t ky
= ZZ Wiz, = W i * Birg
r=1 ¢=
t
= <Wz [ZZ Ly z’rq Lip xzrq)TBzrq] W>
r=1 ¢
tr(W H,W;) (4)
where
t ko
H2 = Z (xu - mirq)(‘rir - xirq)TBirq' (5)
r=1 ¢g=1
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According to pixel sampling of the 3D human brain
CT image, H; and H, are deduced, which are taken
as the training set for edge contour feature extrac-
tion and template matching of the 3D human brain
CT image.'! The 3D human brain CT image is di-
vided into ¢ blocks, and feature separation is per-
formed on the z axis and y axis according to the
correlation feature information of the imaging re-
gion, which is represented as follows:

uyit]v (6)
7yTt]7 (7)

where M; and My are feature subspace components
after rotation transformation W;. According to the
above image acquisition results, information acqui-
sition and data set construction of the 3D human
brain CT images are realized,'”> on which neigh-
borhood search and feature matching of the 3D
human brain CT image are performed to improve
the recognition capability of the image.

T
Yy =W; M; = [yilvina e

Yr = WZ'TMT = [?/T1>?/T2, e

2.2,

The gradient value decomposition method is
adopted to perform CT image filtering to the col-
lected image, and the contour features of the 3D
human brain CT image are extracted.'® The
denosing algorithm of CT image is the threshold
denoising method. The prior information of the
previous CT image is given,'* and then the
wavelet projection mapping method is adopted to
obtain the edge pixel feature quantity, the original
image as follows:

Wi = (H; — Hy)w = Aw, (8)

Image denoising

{wy,ws, ..., wy } is adopted to represent the edge
grayscale pixel set of the 3D human brain CT
image, and the size relationship of the feature
values is set to {A > Xy >--->A;}. Feature
matching is performed according to the energy
level within the neighborhood at the pixel level,
and then d; feature values are obtained. {\;|j =
1,2,...,d;} represents the grayscale binary com-
ponent of the 3D human brain CT image, where d;
represents the difference in feature sets of 3D
human brain operation information. Through the
autocorrelation feature matching method. Among
them, the grayscale pixel point of the image is

obtained to be {\ > Xy >---> X5 >02>X; 4 >
Mo > > At W= {wy,wy,...,wy } is adopted
to represent the grayscale vector set of the 3D
human brain CT image within the affine invariant
region W,. The gradient value decomposition
method and threshold denoising are adopted to
obtain a denoised output image as follows:

z(n) :ﬁ ;X(k) exp(j2nkn/N), (©)

n=0,1,...,N—1,

where X (k) is the image gamma for filtering output
and exp(j2mkn/N) is the template scale factor.
Through cascade wavelet denoising, the positioning
frame of the 3D human brain CT image is obtained
as follows:

_ 1 (ou. Ou. e 1 @+@
6_\Vu] 8yl oz’ )’ |V oz By‘]'
(10)

According to the affine invariant moment of the 3D
human brain CT image, I, is set to be the grayscale
pixel sequence of a single-sample 3D human brain
CT image. x = P, N. Through adaptive feature
decomposition, the active contour of the image is
obtained, and Laplace enhancement processing is
performed to the image through the template
matching method to improve the information re-
presentation ability of the CT image.'”

3. Optimization of Threshold
Segmentation Algorithm of
CT Image

3.1. Edge contour feature extraction
of 3D human brain CT image

The gradient value decomposition (GVD) method
is used to filter the collected images to extract
the edge contour features of 3D human brain CT
images.'® The expression of edge contour sharpen-
ing template output of the 3D human brain CT
image is

Sc = [507 sy SQfl]binary

Q-1
2:&x21 , (11)

Dec
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WxW

$= 3 1, (12)
J

where @ is the weight of the 3D human brain CT
image block and W is the local region contour fea-
ture. The covariance matrix for constructing the
distribution of edge contour features of the 3D
human brain CT image is

Z Hz(t)Hz(t) Z Hw(t)Hy(t)

C =070
STHWH,() S H,OH,W

(13)

Scale decomposition is performed in the active
contour search area, and then the information en-
hancement output of the 3D human brain CT image
is obtained as follows®:

O=USvVT, (14)

where U is a N x N training sample set matrix for
the 3D human brain CT image; V is a 2 X 2 gray-
scale histogram matrix and S is a N x 2 local in-
formation subspace matrix. Through the structured
feature transformation method, the grayscale his-
togram distribution matrix of the 3D human brain
CT image is obtained as follows:

fo(2) h, * f(2)
wa=(70)=(h3) o
where f(z) is the geometric feature invariant vector
of the 3D human brain CT image and * is convo-
lution operation. 3D human brain CT image block
processing is performed in the active contour lasso
region, and the edge contour feature extraction

output of the 3D human brain CT image is obtained
as follows:

0, = UiSiViT = UiSi[Uh'UZ]Ta (16)
v = [01177)12]- (17)

In this way, the edge contour features of the 3D
human brain CT image are extracted. The thresh-
old segmentation method is adopted to segment the
regional pixel feature block of the 3D human brain
CT image to improve feature matching capability
and information enhancement capability of the
image.'”

3.2. 3D human brain CT image and
image threshold segmentation

Block fusion of the 3D human brain CT image is
performed through the template matching method,
and the characteristic decomposition equations of
the 3D human brain CT image are obtained and
described as follows:

p =03 k(lail)s(h(@:) — b,

(bine) = oy (18)
i = Co Y k(||| *)hisy, (v, — bine),
T, €W
where C, = C, L which represents the

D sewk(lzl?)
grayscale pixel state feature set of the CT image and
bine € [1, M] represents the visualization recon-
struction output result of the 3D human brain
image. The following binary function is adopted to
represent the high-resolution pixel reconstruction
output of the CT image:

o= (o oo (7)o (22))) w28
(19)

where R represents a specification constant. In
analysis of the 3D human brain CT image, set R =
1000. Threshold segmentation of the 3D human
brain CT image is performed through scale decom-
position and template matching method, and the
segmentation scale is obtained as follows:

E(¢7f17f2)
= u/%(|v¢| —1)%dx + v - Length(C)

s f [ [ -l fl(:c>|2H(¢>dy] s

wxf [ [ Bl - foa - H(qzs)dy)}dx,
(20)

where A;, \y, v, i are the state factors of lesion fea-
ture points in the CT image, representing the edge
pixel set of the image. K, is the standard deviation
of threshold segmentation and ¢ is the RGB vector
set of histogram. ¢ is selected to perform neigh-
borhood matching to improve the feature matching
ability in segmentation process. Finally, the image
is segmented into block vectors with high-resolution
feature points through the RGB decomposition
method, and the 3D human brain CT image is
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reconstructed with the salient feature point as
center. The reconstruction output is obtained as
follows:

(6. fu. )
- f [ [ B wir- f1<m>|2H<¢>dy} dx

s [ [ [ Kol =l - p@Pa- H<¢>>dy} dr,
(21)

Egap(o, 7, £5)

[ | Bole = i€ - sl 0100

o f { [ Ko =it - sy —H(¢>>dy} s
(22)

where I¢ represents the sparse solution of the 3D
human brain CT image, and f& and f$ represent
the gradient value segmentation pixel differences.
Based on the difference characteristics of pixels,
pathological analysis is performed.

4. Simulation Experiment Analysis

In order to test the application performance of the
model designed in this paper in 3D human brain CT
image segmentation and high-resolution feature lo-
calization of diseased spots, a simulation experi-
ment was conducted. The specific flow chart is
shown in Fig. 1.

The experimental parameters are as follows:
The experiment was designed with Matlab 7. In
parameter setting, the smoothing parameter of
the gradient value segmentation was set to be 2.2;
the sharpening curvature parameter of the 3D
human brain CT image 1.25; the number of search
iterations K = 50; the sliding matching coefficient
of grayscale histogram 1.14; the image threshold
segmentation scale 2; the panel parameter of
3D reconstruction 3 = 2.8: the segmentation scale
of super-pixel neighbor point a = 0.56; the size of
template matching 20*%20 and the neighbor size of
lesion feature point 2.5.

According to the above simulation environment
and parameter settings, 3D human brain CT
image threshold segmentation was simulated and
designed, and the original collected 3D human brain
CT image is obtained as shown in Fig. 2.

‘ Parameter initialization

v

Setting the number of iterations

Whether or not to meet the
simulation conditions

Y

Y

Setting panel parameters for 3D
reconstruction

v

cntcur=0;x=0;

X++

A\

‘ Cntcur=cnt(x) ‘

Y

Threshold segmentation
results

v

End

Fig. 1. Experimental flow chart.

The collected image shown in Fig. 2 is taken
as the research object to perform CT image filtering,
and contour features of the 3D human brain
CT image are extracted to realize information

Fig. 2. Original 3D human brain CT image.
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Fig. 3. Enhancement result of 3D human brain CT image.

Fig. 4. Block segmentation result of CT image.

enhancement. The image enhancement result is
obtained as shown in Fig. 3.

On the basis of image filtering and information
enhancement processing, the threshold segmenta-
tion method is adopted to perform segmentation of
the 3D human brain CT image region pixel feature
block. As shown in Fig. 4, the segmentation results
of pixel feature blocks in 3D human brain CT
images are presented.

Analysis of Fig. 4 shows that when the method
proposed in this paper is adopted for block seg-
mentation of 3D human brain CT image, Image
recognition ability is stronger. Based on this, the
segmentation is continued and the segmentation
results are shown in Fig. 5.

Analysis of Fig. 5 shows that when accurate lo-
cation and identification of feature points of lesion
in the CT image is achieved through threshold

Fig. 5. Image threshold segmentation result.
segmentation of the 3D human brain CT image, the
peak signal to noise of the output image is relatively
high. In order to compare the performance, the
pathological estimation performance of CT images
was compared with Propos method and Traditional
method. The comparison results are obtained as
shown in Fig. 6.

Analysis of Fig. 6 shows that when the signal to
noise ratio is 0, the accuracy of pathological feature
estimation provided by traditional methods can
reach 80%, while the accuracy of it provided by the
method proposed in this paper can reach 100% re-
gardless of the signal to noise ratio, it can be seen
that the accuracy of this method is more accurate;
with the increase of signal to noise ratio, accuracy
provided by the method proposed in this paper is

100 A2 N
951 g
90 R

g 85+ E

>

o

Y

3 80f i

o

©

.é 75 —&— Proposed method i

E —©6— Traditional method

©

g 7ot .
651 g
60 R
5&/ 1 1 1 1 1 1 1 1 1
0 -8 6 4 2 0 2 4 6 8 10

SNR/dB
Fig. 6. Comparison of pathological feature estimation per-

formance of CT image.
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stable at 100%, and the traditional method can
provide accuracy of 100% only when the signal-to-
noise ratio reaches 10. Therefore, the method pro-
posed in this paper is more stable.

So, when the method proposed in this paper is
adopted to perform threshold segmentation of 3D
human brain CT images, the rapid pathological
diagnosis and localization recognition abilities of
human brain CT images are improved.

5. Conclusion

In the detection of brain diseases, it is required to
perform high-resolution recognition and feature
extraction to 3D human brain CT images and an-
alyze the 3D human brain CT images for patho-
logical diagnosis through the singular feature point
location analysis method to realize accurate locali-
zation of human brain diseases through image seg-
mentation and edge contour feature extraction.

(1) A threshold segmentation method of multi-res-
olution 3D human brain CT image based on
edge pixel grayscale feature decomposition is
proposed in this paper. Original 3D human
brain image information is collected through
CT scanning technology, and CT image filter-
ing is performed to the collected information
through the gradient value decomposition
method.

(2) The edge contour features of the 3D human
brain CT image are extracted, and the thresh-
old segmentation method is adopted to segment
the regional pixel feature block of the 3D human
brain CT image. And then the 3D human brain
CT image is reconstructed with the prominent
feature points as the center to realize the high
resolution recognition and accurate segmenta-
tion of the CT image.

(3) Study shows that the method proposed in this
paper can improve the threshold segmentation
precision and recognition accuracy of multi-
resolution 3D human brain CT images and can
improve the ability of feature extraction and
pathological analysis to human brain CT
images.

(4) Human brain CT technology can detect the fine
structure of the human brain without damage,
and the details are exquisite. Because of the
complexity of human brain tissue and the in-
fluence of camera, it is difficult to present the

medical images clearly. CT image segmentation
has been the focus and difficulty of scientists. In
this paper, the threshold segmentation method
of multi-resolution human brain CT image is
studied, and the problems of low threshold
segmentation accuracy and recognition accura-
cy and low segmentation speed of CT image are
solved. It provides a strong support for people
to explore the internal structure of human brain
and examine human encephalopathy. In the
research and clinical diagnosis and treatment of
the brain, this method can extract and analyze
the tissues of normal or lesion areas, observe the
relationship between blood vessels and lesions,
so that the relevant medical staff can make
further research and diagnosis on the results of
segmentation, increase the accuracy of clinical
diagnosis, and improve the diagnosis. The level
of treatment is good.

(5) Acquisition of research results is not the ulti-
mate goal of scientific research, but should also
be applied to clinical practice, through teach-
ing and other means to strengthen the pro-
motion of research results, so that research
results truly serve medical diagnosis, and serve
the people.

(6) The future research direction is to future
improve the threshold segmentation accuracy
and recognition accuracy of human brain CT
images and the CT image segmentation speed
based on this paper.
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