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ABSTRACT 
 

This paper is in order to improve the efficiency of image segmentation and reduce the amount of user 
interaction, the mean shift algorithm is proposed with a combination of segmentation methods applied to 
the vertebra images. The image was pre-processed with the mean shift method and the region graph was 
obtained instead of pixel graph, which could reduce dozen times edge numbers in the graph. Furthermore, 
the edge-preserving property of mean shift algorithm was used. The experimental results show that the 
proposed method possesses nice properties of the mean shift and graph algorithm, so it is efficient and 
accurate, and it also reduces user interaction. 
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1. INTRODUCTION  
 

Medical image is a clinician and expert 
diagnosis important basis, medical image 
segmentation technology is a region of interest in 
the image of the object extracted [1], and also 
contributes to medical research and clinical 
diagnosis. While in the surgical operation of 
vertebra segmentation has important significance. 

In spinal surgery before the operation, doctors 
need according to the patient image treatment plan, 
for example, can be obtained by measuring the 
spine geometry information to determine the angle 
of pedicle screw implantation, implant depth, due to 
the more intuitive 3-D surface mesh measurement, 
conveniently, it is easier for doctors to cure 
patients, so it is necessary to establish the 3-D 
model. Vertebra segmentation accuracy will 
directly affect the accuracy of 3-D surface model, 
thus affecting the doctor operation plan, and 
ultimately affect the operation effect. Due to 
vertebra CT(Computed Tomography)image of 
vertebral body relatively small proportion, using the 
expectation-maximization algorithm of semi-
automatic segmentation [4], using thresholding and 
morphological methods combined to realize the 
segmentation of vertebra [5], these methods to a 
certain extent in the bone tissue segmentation, but 

the segmentation accuracy slightly there is a lack 
of. Aslan et al. [2] using the graph cut algorithm 
from volume data on spine vertebral segmentation, 
it has a optimal, user interactivity, combining 
boundary and region information and other 
features, to better handle the accuracy of 
segmentation problem, but the graph cut algorithm 
itself has a large amount of calculation 
shortcomings. For the problems are also proposed 
many solutions. The first is mainly using 
accelerated processing, such as Vineet et al. [3] 
using GPU(Graphic Processing Unit) accelerated to 
achieve graph cut algorithm, Delong et al. [6] using 
parallel computing to implement fast graph cut 
algorithm, and achieved good results; alternatively, 
mainly by reducing the graph segmentation 
algorithm operation with the number of vertices and 
arcs in the graph segmentation algorithm to 
improve the efficiency, in the Lazy Snapping 
method [7] using a watershed algorithm based on 
image segmentation processing, and the use of 
segmented regions map instead of pixel graph 
execution graph cut algorithm, can greatly reduce 
the number of arcs, improved algorithm efficiency. 
The watershed algorithm for image boundary 
structure to maintain efficiency is not high, makes 
for the more complex medical image result is not 
satisfied, and mean shift algorithm has better 
boundary structure [8-9].Therefore, this article will 
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combine graph segmentation and mean shift 
algorithm, make full use of the advantages to 
achieve the spine image segmentation. 

2. MEAN-SHIFT ALGORITHM 
 

Mean shift algorithm is a simple non-parametric 
probability density gradient projection methods 
used to sample points within the feature space 
cluster analysis and statistical model type of the 
space. In image segmentation, object tracking has a 
wide range of applications. The basic principle [8]: 
Given a d space Rd in the n sample points xi，i=1,
…, n,  the basic form of the mean shift vector is 
defined as : 
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k represents the n sample points xi , there are k-
points fall into the Sh region . 

Let X be d dimension space overall, 
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Among them '( ) ( )g s k s= − , the first term 
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2

( ) ( )gdG x c g x= , kernel density 

estimation, second: 

2

1
2

1

( )
( )

( )

n
i

i
i

h n
i

i

x x
x g

h
m x x

x x
g

h

=

=

 −
 
 = −
 −
 
 

∑

∑

                   (5) 

Where ( )hm x is the mean shift vector, the 

vector pointing to the intensity of the maximal 
growth direction, and the mean shift results will 
intensify gradient to zero point. The process 
iterates through the realization 

of 1 ( )t t t
hx x m x+ = + . 

3. GRAPH CUT ALGORITHM 
 

Graph cut algorithm is as follows: the image as 
an undirected graph G(V,E), each vertex is assigned 
a unique tag, i.e., the object and the background of 
the markers were xi = 1 and xi = 0.Let 
A=(A1…..Ap…..AP)a two value vector, AP may be 
the object or the background, in this way, the image 
segmentation problem is converted to divided A/B,   
A∪B=V, A∩B=∅ , A/B between the cut : 
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This E (A) for vector A energy function, which 
represents the A edge and regional characteristics of 
soft constraints: 
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In Eq.7 coefficient λ  reflect between the 
regional mark R (A) and edge mark B (A) the 
relative importance. In which: 
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4. COMBINING    MEAN-SHIFT 
ALGORITHM WITH GRAPH CUT  

 
This paper will combine mean shift algorithm 

and graph cut algorithm together, a mean shift 
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algorithm for segmentation, the calculation speed is 
improved; on the other hand, the mean shift 
algorithm for boundary good maintenance, has 
better boundary structure maintenance; in addition, 
the graph segmentation algorithm to obtain the 
foreground and background of the mean and 
standard deviation, the interactive segmentation 
method to automatic segmentation method. 

Algorithm flow is as follows. 

1) The input image using mean-shift algorithm 
for image over-segmentation mark. Set the 
reference point and the search radius using the 
iterative formula to move; on the similarities of 
each pixel region merging and tagging. 

 2) The use of over-segmentation mean shift 
algorithm for images, each of which area, 
calculated as the average gray value in the region. 
The area to get over-segmentation adjacency graph 
instead of a single pixel map, complete the 
transformation from the image into the map. Use 
experienced clinicians to manually obtain the 
foreground and background, to calculate the mean 
and standard deviation for each value of a region 
adjacency graph empowerment, the mean shift 
algorithm to obtain the over-segmentation image 
through its every pixel for 6 - o domain search, if 
there has two different pixel tag values, then the 
region has two adjacent pixels, and using Eq. 10 to 
judge. 

 3) The use of the above established minimum 
cut-maximum flow diagram method to obtain the 
value of the graph structure of the two results, thus 
completing the objectives and background of the 
original image segmentation. 

5. EXPERIMENTAL RESULTS AND 
ANALYSIS 

 
This experimental compiler for MATLAB 2010, 

Inter dual-core processor, clocked at 3.00G Hz, the 
memory of 2GB. The experimental data for the two 
sets of 3D CT vertebral image. 

From Table 1 we can see, the number of this 
algorithm’s nodes is less than the single standard 
algorithm, radians about reduced to 1/35, the 
running time is about 1/4 of the original, so this 
algorithm is more efficient, and has better 
inhibition effect on noise. Fig. 1 (a) for the 
algorithm results, Fig.1 (b) for the results combined 
with standard algorithm and watershed algorithm. 
From the results of segmentation, the algorithm can 
better retain the vertebral of the foramen, processus 
spinous, transverse process and other details, and 

achieved good results, and combining watershed 
algorithm compared in the boundary structure 
retention has more advantages. 

Table 1   The Algorithm with the Standard 
Algorithm Performance Comparison 
Dat
a 
No. 

Node No. Time(s) 
Stan

dard 
Algorith
m 

Standar
d 

Algorith
m 

1 351
4335 

1739 150 49 

2 581
8293 

1572 256 69 

3 646
0332 

2466 300 79 

 

 

(a)The Algorithm    (b) Watershed Algorithm 

Figuer. 1  The Algorithm and Watershed Algorithm 
Combined 3D Vertebral Comparison Results 

6. CONCLUSION AND DISCUSSION 
 

In this paper, the combination of the mean shift 
algorithm, the effective use of the mean shift 
algorithm to maintain the good boundary structure, 
and to overcome the graph cut algorithm for 
computing the large of this shortcoming, effectively 
select two of the vertebral image authentication 
algorithm. To some extent reduce the error caused 
by user interaction, which can be used to improve 
spinal surgical planning. Next is to verify more 
collected 3-D image data, in order to better improve 
the robustness of segmentation results. 
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