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In order to improve the diagnosis and analysis ability of 3D spiral CT and to reconstruct the
contour of 3D spiral CT damage image, a contour reconstruction method based on sharpening
template enhancement for 3D spiral CT damage image is proposed. This method uses the active
contour LasSO model to extract the contour feature of the 3D spiral CT damage image and
enhances the information by sharpening the template enhancement technique and makes the
noise separation of the 3D spiral CT damage image. The spiral CT image was processed with
ENT, and the statistical shape model of 3D spiral CT damage image was established. The
gradient algorithm is used to decompose the feature to realize the analysis and reconstruction of
the contour feature of the 3D spiral CT damage image, so as to improve the adaptive feature
matching ability and the ability to locate the abnormal feature points. The simulation results
show that in the 3D spiral CT damage image contour reconstruction, the proposed method
performs well in the feature matching of the output pixels, shortens the contour reconstruction
time by 20/ms, and provides a strong ability to express the image information. The normalized
reconstruction error of CES is 30%, which improves the recognition ability of 3D spiral CT
damage image, and increases the signal-to-noise ratio of peak output by 40 dB over other methods.

Keywords: Spiral CT; three-dimensional image; contour feature extraction; sharpening template
enhancement.

1. Introduction

With the development of medical image processing
technology, medical image analysis is performed
through image information processing and analysis
methods to improve the diagnosis and analysis
ability of medical pathology. Common medical

images include X-ray images, CT images, spiral

CT images and so on. Spiral CT is a product of
the development of computer information proces-

sing technology. Multi-slices spiral CT imaging

is adopted to perform digital projection of human
organs to create projection data, so as to achieve
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CT angiography, cardiac assessment, cerebral per-
fusion imaging, etc. Spiral CT imaging technology
plays an important role in the detection of multi-
functional organs and etiological analysis to bodies.1

Spiral CT imaging also plays an important role in
the assessment of human organ damage.2,3 Patho-
logical analysis of spiral CT imaging is based on the
reconstruction of three-dimensional spiral CT
image. Information feature extraction and recon-
struction techniques of image are adopted to realize
adaptive reconstruction of spiral CT image, thus
realizing high-resolution CT imaging and angiog-
raphy. Research on contour reconstruction of three-
dimensional spiral CT damage image has an im-
portant role in the treatment of injuries.

Currently, contour reconstruction methods of
three-dimensional spiral CT damage image mainly
include RGB image reconstruction method, block
radon scale reconstruction method, point distri-
bution model reconstruction method, similarity
feature decomposition reconstruction method and
so on.4 Based on the extraction of edge contour
feature quantity of three-dimensional spiral CT
damage image, three-dimensional reconstruction is
performed to the spiral CT image through tem-
plate feature matching and adaptive continuous
scale transformation methods, to improve the
recognition and statistical analysis ability of the
image. In Ref. 5, a three-dimensional reconstruc-
tion method of spiral CT image based on dynamic
feature analysis of dimensional coordinate points is
proposed, which reconstructs detailed texture
features of image and performs three-dimensional
contour construction to the CT damage image to
improve the feature recognition ability of the
image. However, this method is computationally
expensive and has bad feature recognition ability
in contour reconstruction of three-dimensional
spiral CT damage image. In Ref. 6, a contour re-
construction technology of three-dimensional spi-
ral CT damage image based on background
di®erence continuous reconstruction and RGB
quantitative decomposition is proposed, which
adopts the grid segmentation method to perform
template matching processing to CT image and to
perform contour retrieval based on internal tex-
ture structure information of the CT image,
thus improving the edge contour reconstruction
ability of the image. However, this method has
large computation load in contour reconstruction
and provides low recognition accuracy of the

reconstructed image. In Ref. 7, a three-
dimensional reconstruction method of spiral CT
image based on triangular Bernstein–Bezier sur-
face ¯tting is proposed. Based on trigonometric
Bernstein–Bezier surface ¯tting of a generated
single triangular plate, the quadric interpolation of
normal vector of triangular plate trihedral vertex
is adopted to recalculate the normal vector of
trigonometric Bernstein–Bezier surface, so that
the display e®ect of the ¯tted surface is continuous
and smooth. At the same time, the reconstructed
surface model is subjected to plane cutting,
and the cross-section and cut surface of the sec-
tioned model are pasted with textures to add
image information. However, there are problems of
relatively low resolution of CT imaging and radi-
ography. In Ref. 8, study is carried out to the pro-
cess that ultrasonic is adopted for detection of
components under test to obtain a two-dimensional
image, to extract two-dimensional contour infor-
mation and ¯nally to form a three-dimensional
image. Speci¯c data acquisition methods or algo-
rithms are given for each process. All tests show
that it has good e®ect and can basically meet the
requirements of extracting two-dimensional infor-
mation. However, there is a problem that the ex-
pression ability of image information is weak.

In order to solve the above problems, a contour
reconstruction method of three-dimensional spiral
CT damage image based on sharpening template
enhancement technique is proposed in this paper.
First, noise separation is carried out to three-
dimensional spiral CT damage image, and features
of the three-dimensional spiral CT damage image
contours are extracted with an active contour Lasso
model; then the sharpening template enhancement
technique is adopted for information enhancement
processing to the spiral CT image to establish a
statistical shape model for the three-dimensional
spiral CT damage image and the gradient algo-
rithm method is adopted for feature decomposition
to realize extraction and reconstruction of the
contour features of the three-dimensional spiral CT
damage image, so as to improve the adaptive fea-
ture matching ability and abnormal feature points
location ability of the image. Finally, a simulation
experiment is performed, which demonstrates the
superior performance of the method proposed in
this paper in improving the contour reconstruction
ability of three-dimensional spiral CT damage
image.
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2. Noise Separation of 3D Spiral CT
Damage Image

2.1. Information enhancement
processing of spiral CT image

To reconstruct the contour of 3D spiral CT damage
image, we ¯rst need to separate the noise from 3D
spiral CT damage image.

In this paper, a contour reconstruction method of
three-dimensional spiral CT damage image based
on the sharpening template enhancement technique
is proposed, and then the feature component of edge
information of the spiral CT damage image is
obtained as follows:

is visibleðMmi;CjÞ ¼
1; if

j 6¼ i;

Cj may callMmi

�
0; otherwise

8><
>: :

ð1Þ
In the formula, Mmi

is used to reconstruct the
smoothing operator for spiral CT damage three-di-
mensional image, and Cj represents the feature
variables in the edge information of the image. The
feature component of continuous reconstruction of
the point ða; bmÞ in the three-dimensional spiral CT
damage image surface is

Lða; bmÞs ¼ log
jVjjVm \Vnj
jVmjjVnj

� �
: ð2Þ

In the formula, V is a vector, Vm is the eigen-
vector of variable m and Vn is the eigenvector of
variable n. The curvilinear path fusion tracking
method9 is adopted to perform continuous recon-
struction to extract texture features of the three-
dimensional spiral CT damage image, namely:

Lða; bmÞ ¼
X

Vm2P res

X
Vn2P true

jVm \Vnj
jVj

�log
jVjjVm \Vnj
jVmjjVnj

� �
: ð3Þ

The spiral CT image is conducted with infor-
mation enhancement, from which the approximate
solution of di®erential feature of the three-
dimensional spiral CT damage image is obtained:

xT ¼ 1

T

XT
i¼1

xi; ð4Þ

where x1;x2; x3; . . . ;xT is the feature subsample of
each sub-block and T is the feature characteristic

component of edge information of the image. A
statistical shape model of the three-dimensional
spiral CT damage image is constructed, and two
sets of adjacent pixels are obtained:

F ¼ ~pðx; yÞ ¼ pðx; yÞ v xð Þ
v yð Þ

� �
1=2

; ð5Þ

where

pðx; yÞ ¼ kðx; yÞ
vðxÞ ; vðxÞ ¼

X
y

kðx; yÞ: ð6Þ

In the formula, kðx; yÞ is a pixel characteristic
function. The neighborhood search method10 is
adopted for rapid feature point location and infor-
mation enhancement processing to the spiral CT
image, and it is obtained that

EintðviÞ ¼
1

2
ð@ijd� jvi� vi� 1jj2

þ �ijvi� 1þ 2viþ viþ 1j2Þ; ð7Þ
where

d ¼ 1

n

Xn�1

i¼0

jvi� 1j: ð8Þ

In the formula, vi represents the information location
coordinate, @i represents the longitudinal enhance-
ment coe±cient and �i represents the transverse
enhancement coe±cient. Based on the above pro-
cessing, information enhancement is achieved for the
three-dimensional spiral CT damage image, which
improves the recognizability of the image.

2.2. Noise decomposition of
three-dimensional spiral CT

damage image

The image noise separation can improve the pixel of
the damaged image, and the quality of the spiral CT
damage image is improved, which is bene¯cial to the
optimization of the 3D image contour reconstruc-
tion of the spiral CT damage. For an original col-
lected three-dimensional spiral CT damage image,
the wavelet denoising method11 is adopted for noise
separation. The system of linear equations of image
wavelet denoising is:

x y z

o o o

� �
¼ ðHþ ¿ � IÞ P

PT O

� �
° � !

a b c

� �
;

ð9Þ

Contour reconstruction of three-dimensional spiral CT damage image
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where x, y, z expressed as three-dimensional coordi-
nate value, o expressed as pixel reconstruction group
with unknown edge contour region,H expressed as 3D
pro¯le-space point imaging e±ciency, I expressed as
damaged image pixel,P expressed as image center,P T

expressed as radial distortion coe±cient of edge pro¯le
feature, � expressed as pixel conductance oe±cient, �
expressed as phase angle of image interpolation
transform, a expressed as the proportion factor of the
decomposition of the damage image and the edge fea-
ture, b expressed as reconstruction area of 3D image
with spiral CT injury, c expressed as order central
moment de¯nition. The Harris corner detection
method12 is used to smooth the three-dimensional
spiral CT damage image on the reconstruction surface
of the image. The smoothing function is:

Dðx; y; �Þ ¼ ðGðx; y; k�Þ �Gðx; y; �ÞÞ � Iðx; yÞ
¼ Lðx; y; k�Þ � Lðx; y; �Þ; ð10Þ

where

Lðx; y; �Þ ¼ Gðx; y; �Þ � Iðx; yÞ; ð11Þ
where D expressed as damaged image sampling set
after smoothing, � expressed as surface density of
three-dimensional image of spiral CT damage, k
expressed as Pose parameter. Iðx; yÞ is the gray value
of the three-dimensional spiral CT damage image in
ðx; yÞ; Lðx; y; �Þ is the Taubin smoothing operator13

and Gðx; y; �Þ is the block matching feature
coe±cient of the three-dimensional damage image.
The formula is

Gðx; y; �Þ ¼ 1

2��2
e�

ðx 2þy2Þ
2� 2 : ð12Þ

By judging the wrinkle information of the three-
dimensional spiral CT damage image, and per-
forming hierarchical decomposition of the image
noise, the decomposition coe±cient is obtained
as follows according to the Euclidean distance
Eðdðx; yÞÞ between wrinkles:

Fd �
d

dx
Fdx �

d

dy
Fdy ¼ 0; ð13Þ

where Fd represents the edge scale of the spiral CT
damage image. The noise distance of the gird sur-
face of the image is dðx; yÞ. The number of noises of
the damage image is Nl, which is described as

Nl ¼
1 l ¼ 0;L

2� � D
2
� sin �=ltriangle

� �
l ¼ 1; . . . ;L� 1

8<
: :

ð14Þ

Among them, l is the calculation of the vertex
distance of the mesh model and ltriangle is its average
value. According to the above analysis, the noise
separation model shown in Fig. 1 is adopted to
achieve smooth ¯ltering of the three-dimensional
spiral CT damage image.

The mathematical expression of the smooth ¯l-
tered image output is as follows:

Gnew ¼ ð1þ �T Þð1þ �T ÞGold; ð15Þ

T ðgiÞ ¼
1P
k !k

�
X
k

!kðgk � giÞ; ð16Þ

where Gnew and Gold represent low-frequency and
high-frequency components of the image, respec-
tively, and T ðgiÞ is the image degradation feature
point and !k is the attenuation coe±cient of the
image.

3. Optimization of Contour

Reconstruction of Three-Dimensional
Spiral CT Damage Image

3.1. Feature extraction of 3D spiral CT
damage image contour

Vector quantization feature quantity of the CT
image is set, and gray pheromone of the image is
extracted.14–16 Then the front k-dimensional feature
of the three-dimensional spiral CT damage image is
obtained and described as follows:

P ð	Þ ¼
Z

1

2
ðjr	j � 1Þ2dx: ð17Þ

In the formula, 	 is the eigenvalue. With the sparse
linear segmentation method,17 the reference tem-
plate matching function for the image is obtained as

Fig. 1. Smooth ¯ltering of three-dimensional spiral CT dam-
age image.

L.-L. Cui & H. Zhang
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follows:

Dataðx; y; dðx; yÞÞ ¼ juðx� dðx; yÞ; yÞ � ~uðx; yÞj2;
ð18Þ

where ~u represents the referenced template image; u
represents the image under reconstruction. Edge
contour information of the CT image is reset and
then the sparse group of linear equations is con-
structed for continuous segmentation as follows:

h
du 0; ~ui’x0

jj
dujj’x0
jj~ujj’x0

�
h
du; ~ui’x0

h
du 0; 
dui’x0

jj
dujj3’x0
jj~ujj’x0

: ð19Þ

In the formula, 
 is time-consuming for contin-
uous segmentation, u 0 is the image after the recon-
¯guration. Thus, the sparse decomposition process
of the three-dimensional spiral CT damage image is
obtained as follows:

@

@d

h
du;~ui’x0

jj
dujj’x0
jj~ujj’x0

 !

¼

ðjj
dujj’x0
@=@dðh
du;~ui’x0

Þ
� h
du;~ui’x0

@=@dðjj
dujj’x0
ÞÞ

ðjj
dujj’x0
Þ2jj~ujj’x0

¼
@=@dðh
du;~ui’x0

Þ
jj
dujj’x0

jj~ujj’x0

�
h
du;~ui’x0

@=@dðjj
dujj’x0
Þ

ðjj
dujj’x0
Þ2jj~ujj’x0

¼
h
du 0;~ui’x0

jj
dujj’x0
jj~ujj’x0

�
h
du;~ui’x0

@=@d
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
h
du; 
dui’x0

q� �
ðjj
dujj’x0

Þ2jj~ujj’x0

¼
h
du 0;~ui’x0

jj
dujj’x0
jj~ujj’x0

�
h
du;~ui’x0

h
du; 
dui�
1
2

’x0
h
du 0; 
dui

ðjj
dujj’x0
Þ2jj~ujj’x0

¼
h
du 0;~ui’x0

jj
dujj’x0
jj~ujj’x0

�
h
du;~ui’x0

h
du 0; 
dui
ðjj
dujj’x0

Þ3jj~ujj’x0

;

ð20Þ
where jj~ujj is the reference template matching coef-
¯cient and jj
dujj’x0

represents the joint template
matching coe±cient of the image. The gradient
decomposition method18 is adopted for feature de-
composition, to realize contour feature extraction
and reconstruction of the three-dimensional spiral

CT damage image. The contour reconstruction ex-
pression of the image is obtained as follows:

dkþ1
i ¼ ð1� !Þdk

i

þ

P
j2N�ðiÞ �i

giþgj
2 þ ð1��iÞ � 0

iþ� 0
j

2

� �
dkþ1
j

þPj2N þðiÞ �i
giþgj
2 þ ð1��iÞ � 0

iþ� 0
j

2

� �
dk
j � Di

�

0
B@

1
CA

P
j2NðiÞ �i

giþgj
2 þ ð1��iÞ � 0

iþ� 0
j

2

� � :

ð21Þ
The above formula represents the gray pixel

feature of the three-dimensional spiral CT damage
image. Kalman ¯ltering19 is done to the image by
the information fusion method,20 thus realizing
contour reconstruction of the three-dimensional
image. The expression of the contour feature is
obtained as follows:

x
: ¼ V cos � cos V ; y

: ¼ V sin �; ð22Þ
z
: ¼ �V cos � sin V ;

#
: ¼ !y sin � þ !z cos �;

ð23Þ

 
: ¼ ð!y cos � � !z sin �Þ

cos#
: ð24Þ

In the above system of equations, x, y and z are
the edge pixel set. Based on the above analysis,
feature extraction and reconstruction of the three-
dimensional spiral CT damage image are carried
out, and adaptive feature matching capability of the
image and localization ability of abnormal feature
points are improved.

3.2. Contour reconstruction and design
of three-dimensional spiral CT

damage image

In order to realize contour reconstruction of three-
dimensional spiral CT damage image, ¯rst, a model
for image feature analysis is established, and the
gird model matching method is adopted for image
texture rending, and then a uniformly distributed
vertex model of three-dimensional spiral CT dam-
age image is constructed. The gird distribution
model of spiral CT image has strong anti-interfer-
ence ability and can improve the image recognition
rate. A gird distribution model of spiral CT image is
obtained as shown in Fig. 2.

Texture rendering and feature decomposition are
carried out to CT image in the gird model shown in

Contour reconstruction of three-dimensional spiral CT damage image
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Fig. 2. The distribution matrix of pixel sequence of
three-dimensional spiral CT damage image is set
and described as:

D ¼ I 2
x IxIy

IxIy I 2
y

� �
: ð25Þ

In the formula, Ix represents the pixels of the
three-dimensional spiral CT damage image in the
x-direction, and Iy represents the pixels of the three-
dimensional spiral CT damage image in the
y-direction. By using the cost constraint analysis
method, the sampling point density of three-
dimensional spiral CT damage image is obtained as
follows:

EðTnÞ ¼
1

N

XN�1

i¼0

jjpi �Tnðg 0
iÞjj2 þ 
 � �ðTnÞ: ð26Þ

With the adaptive weighted control method, the
inverse weight fðgiÞ of the CT image is obtained as:

fðgiÞ ¼ c1~�i

PNnp

j¼0 �jÀij=jÀijj�1 þ "PNnp

j¼0 �j=jÀijj�1 þ "
: ð27Þ

In the smooth region of Taubin, interpolation
transformation is done to CT image, and the model
vertex matching method is used to perform the fea-
ture decomposition of edge contour, and then the
expression of the edge contour feature decomposition
of spiral CT damage image is obtained as follows:

fðGnÞ ¼ a1 þ a2xþ a3yþ a4zþ
Xn
i¼0

�iUðg 0
i; piÞ

gðGnÞ ¼ b1 þ b2xþ b3yþ b4zþ
Xn
i¼0

�iUðg 0
i; piÞ

hðGnÞ ¼ c1 þ c2xþ c3yþ c4zþ
Xn
i¼0

!iUðg 0
i; piÞ

;

ð28Þ

where �ðTnÞ is given by the following formula:

�ðTnÞ ¼ °TH° þ �TH�þ !TH!: ð29Þ
Based on the construction of the above model,

the contours of the three-dimensional spiral CT
image are reconstructed, and the pixel reconstruc-
tion of edge contour region is performed in the gray
pixel region.

The °owchart of the algorithm for reconstruction
is shown in Fig. 3.

Fig. 3. Flowchart of the algorithm for three-dimensional spiral
CT damage image.

(a) Uniformly
distribution gird

(b) Texture information
rendering

Fig. 2. Gird distribution model of three-dimensional spiral
CT image.

L.-L. Cui & H. Zhang
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4. Experimental Analysis

In order to verify the performance of the proposed
method in 3D spiral CT damage image reconstruc-
tion, a simulation experiment was carried out. The
hardware Envi simulation environment is: Intel (R)
2.3GHz, CPU 2GB memory. It is designed by
Matlab simulation tool, and the image reconstruc-
tion simulation software platform is VisualStudio
2.010, the pixels of the collected spiral CT images
are 6 million, the resolution is 200 * 200 and the
median error of the edge contour reconstruction is
median ¼ 0.45mm. Based on the above simulation
environment and parameter settings, two original
3D CT damage images were selected for contour
reconstruction. The original three-dimensional CT
damage image is shown in Fig. 4.

The image shown in Fig. 4 is taken as research
object for three-dimensional contour reconstruction,
and the sharpening template enhancement method
is adopted for information enhancement processing.
Then the result of information enhancement is
obtained as shown in Fig. 5.

In Fig. 5, we can see that the spiral CT damage
image is enhanced with this method, and the image
is clearer and the outline of the feature points is
clear, and it is basically consistent with the original
image. It shows that the method proposed in this
paper can provide the feature points with large in-
formation recognition ability and improve the
ability of CT image information expression, the
adaptive feature matching ability of the image and
the location ability of the abnormal feature points.
Based on this, the contour reconstruction of the
seven di®erent angles of the two original images is

(a) (b)

Fig. 4. Original three-dimensional spiral CT damage image.

(a) (b)

Fig. 5. Information enhancement of three-dimensional spiral
CT damage image.

Fig. 6. Contour reconstruction result of three-dimensional
spiral CT damage image.

Fig. 7. Comparison of reconstruction error of di®erent
methods.

Table 1. Performance comparison of contour reconstruction of three-dimensional spiral CT damage image.

Method
Number of
prior points

Signal-to-noise ratio
of peak output (dB)

Total number of
sampling sites

Time of contour
reconstruction

(ms)
Smoothing
time (ms)

Normalization
reconstruction

error

Method proposed
in this paper

430 66 954 2.34 54 0.12

Traditional method 430 68 954 12.23 89 0.43

Contour reconstruction of three-dimensional spiral CT damage image

1850028-7

J.
 I

nn
ov

. O
pt

. H
ea

lth
 S

ci
. 2

01
8.

11
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.w
or

ld
sc

ie
nt

if
ic

.c
om

by
 1

71
.4

3.
25

3.
25

3 
on

 1
0/

16
/1

8.
 R

e-
us

e 
an

d 
di

st
ri

bu
tio

n 
is

 s
tr

ic
tly

 n
ot

 p
er

m
itt

ed
, e

xc
ep

t f
or

 O
pe

n 
A

cc
es

s 
ar

tic
le

s.



carried out. Three dimensional spiral CT damage
image reconstruction results are shown in Fig. 6.

From Fig. 6, we can see that this method is
used to reconstruct seven di®erent angles of two
spiral CT damage images. Table 1 shows that the
reconstructed results are basically consistent with
the original image, and the contour is clear and
smooth. Figure 7 shows the reconstruction precision
of this method is high.

5. Conclusion

(1) The pathological analysis based on spiral CT
imaging is based on reconstruction of three-di-
mensional spiral CT image. Adaptive recon-
struction of spiral CT image is reconstructed
through information feature extraction and re-
construction technologies, thus realizing high-
resolution CT imaging and radiography. In this
paper, a contour reconstruction method of three-
dimensional spiral CT image based on sharpening
template enhancement technique is proposed.

(2) Noise separation is done to three-dimensional
spiral CT damage image. The active contour
Lasso model is adopted to extract contour fea-
tures of three-dimensional spiral CT damage
image, and the sharpening template enhance-
ment method is adopted for information en-
hancement processing of spiral CT image. A
statistics shape model of three-dimensional
spiral CT damage image is established, and the
gradient algorithm is adopted for feature de-
composition, so as to realize feature extraction
and reconstruction of three-dimensional spiral
CT damage image, to improve adaptive feature
matching ability and abnormal feature point
location ability of image.

(3) The results show that the method proposed in
this paper can improve the contour recon-
struction ability of three-dimensional spiral CT
damage image with less overhead and low error.

(4) This method can be used to reconstruct the
image contour and can reconstruct the 3D
model of the object or scene with very strong
sense of reality, enhance the expression of image
information and obtain more image informa-
tion. This method involves many hot areas,
such as computer image processing, computer
graphics, computer vision and computer-aided
design. This method has become a very potential

hot ¯eld and has very important applications in
many ¯elds, such as electronic commerce, space
°ight, remote sensing mapping, virtual museum
and other high-tech ¯elds.

In the future, the research should be focussed
on contour reconstruction capability of three-
dimensional multi-slice spiral CT damage image,
image segmentation and reconstruction of 64-bit
raw spiral CT scan data.
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