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ABSTRACT: Segmentation technique plays a crucial role in medical image processing. Due to the advancement in
medical imaging techniques, in -depth details of the biological structural can be viewed, which may be helpful for the
early and proper diagnosis of many diseases. Segmentation seems to be a highly challenging process in the case of
images affected with intensity inhomogeneity. In such cases, level set techniques of segmentation works well and is
widely used in the segmentation of image acquired using computer tomography (CT). The recent researches on the
medical imaging focus on the segmentation which facilitates the 3-D visualization of medical data. So a framework for
vertebrae segmentation in CT slice is put forward, which uses variational level, set technique for vertebrae
segmentation by minimizing an energy function formulated using standard k-means criterion. Further, to enhance the
inner details, 3-D visualization for segmented vertebrae from a single slice is also done.
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I.LINTRODUCTION

Diagnostic imaging is a valuable tool in the field of medicine today. X-rays imaging, Computer tomographic (CT)
imaging, Magnetic resonance (MR) imaging and other imaging modalities provide an efficient means for the
noninvasive mapping of internal structures within the body. After the acquisition of images, for the proper diagnosis of
the body parts, these images have to be precisely analyized. For the proper image analysis, image segmentation
algorithms play a vital role. Here, the focus is given for vertebrae segmentation in CT image with intensity non-
uniformity. Trauma and fractures on specific region of vertebrae (cervical, thoracic, lumbar or sacrum) may occur due
to the injuries, accidents, spinal abnormality, ageing etc.. Assessment of the severity of vertebrae deformality will help
physicians to determine the most effective treatments for spinal disorders. It is difficult to accurately segment images
with intensity variations especially in CT images of spine, because most of the existing segmentation algorithms are
region-based that depend on intensity homogeneity of the region of interest. Various techniques such as thresholding,
watershed transform and partial differentiation equation based methods have been employed so far for image
segmentation problems. Among all these techniques, level set based method which comes under partial differential
equation based technique has been proved to be an efficient framework in the past years. Intensity inhomogeneity is
caused due to the imperfection in imaging devices or due to the illumination variations that occurs in real-world
images, which leads to serious misclassification by intensity-based segmentation algorithms.

11.RELATED WORKS

Some local region-based level set methods have been proposed to deal with images affected with intensity
inhomogeneity, such as Local region based (LRB)method [12], local intensity clustering (LIC) method [13], local
region model (LRM) [12], and edge driven level set method [17], etc. However there are some drawbacks with the
LRB method as it uses a level set smoothening function (Dirac functional) to restrict around the neighborhood of zero
level set, thereby making the level set evolution to act locally. Secondly, region descriptor for level set evolution is
based on region mean information which does not consider the region variance and thereby leads to inaccurate
segmentation. This drawback is overcome in LIC and LRM models, which uses a similar energy function. The LIC
method is basically a locally weighted K-means clustering method [13] while LRM takes advantage of the local region
statistics such as region means, variance etc.. Thus to solve the problem associated with segmentation in images
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affected by intensity inhomogeneity , bias estimation has to be done, for this Li et.al. [10] proposed a novel variational
level set method, that uses the weighted K-means clustering method to evaluate the bias field of image intensities in a
neighbourhood around each point in the image. With reference to Li et. al. [10] anew segmentation approach is used,
which makes use of variational level set with random contour initialization , where the local region difference in the
image is identified using K-means clustering with three cluster centres adding to three phase level set technique . So by
using this local clustering criterion, the bias field estimation and errors in segmentation results can be effectively
corrected in each iteration for different initial contours. The intended method is expected to give accurate segmentation
result in single CT slice of vertebra in cross sectional view and the 3-D visualization of the segmented vertebra is done
to enhance its details.

1. METHODOLOGY

1. Level Set segmentation technique

The basic idea of the level set method is to represent a contour as the zero level set of higher dimensional function,
known as level set function (LSF) which is usually a binary step function. This function is used to formulate an energy
function which has to be minimized as the contour evolves to the object boundary. In conventional level set
formulation, the level set functions typically develop irregularities during its evolution, which may cause errors and
eventually destroy the contour evolution to the object boundary. This problem is rectified by using variational level set
formulation. For the level set evolution to be stable and accurate, the LSF has to be maintained in good condition. This
condition is well satisfied by signed distance functions because of their unique property |V(2)| = 1 where V@ is the
gradient of level set function @ [1], [3], [10].

2. Vertebra Segmentation

Variational level set framework applied in the segmentation stage is a three phase level set. So, there are three regions
within the specified contours C,, C;, and C,. Figure 1 shows the details of how level set method is formulated for

vertebrae segmentation in CT slice.

| Find the Level Set function |

|

| Initialize Contours C |

| Initialize Bias field b |

| Estimate Contour regions |

| Update Bias field b' | Update Level Set
function

| Update Contours C° |

Check for
Energy min
condition

Final Contours

Figure 1: Simplified flow chart for variational level set based vertebra segmentation
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The bias field indicates the intensity inhomogeneity and is represented as b. The bias field is slowly varying, which
implies that b can be approximated by a constant in a neighbourhood of each point in the image domain. Segmentation
of the vertebra is achieved by finding contours which separates the image domain into disjoint regions. For getting
different regions that corresponds to vertebra, an energy function has to be minimized within a boundary where the
level set evolves. The boundary for level set evolution is obtained with the help of Neumann Boundary condition [10].
Within this specific boundary, the Level Set evolution process takes place. The level set function is obtained by taking
the signed function of randomized image and has values 0, 1, and -1. This local clustering criterion is integrated over
the neighbourhood centre to define an energy function, which is converted to a level set formulation. Minimization of
this energy is achieved by an interleaved process of level set evolution and estimation of the bias field. The above
described local intensity clustering property indicates that the intensities in the neighbourhood can be classified into
three clusters. This allows us to apply the standard K-means clustering to classify these local intensities, which can be
defined in a continuous form as

E n 2 )
y=2i o K(y—x)| L—b(¥)c;| “dx
where K (y — x) is a Gaussian function. During the evolution of level set function, ¢; and the bias field b are updated by
minimizing the energy function E(@, c, b) .

E(@,c,b) = [ L), e;(x)M;(D,)dx (2

where M;(@,) is the member ship function which is used as the phase indicator for the regions and level set function
represented by @. e; in the above equation is defined by

¢ =[ K(y—x)| Le=b()c;| *dx 3)

Energy minimization in the variational level set formulation is given by

o _ _oF

at ot )
where F represents the speed function that controls the evolving level set.
F(9,¢,b) = E +us(@)div (fir) +v5(9) | Vo ©)

where §(@) represents the dirac function which is the derivative of Heaviside function and u,y are the regularizing
constants.

3. 3-D Visualization

Three dimensional image visualization is used for enhancing the visual content in the image [6]. For decades, several
techniques were used to enrich the depth information in images but most of them target at creating information
regarding depth using more than one image. Most of these techniques differ among themselves on the basis of attaining
depth information. In spite of several techniques developed for three dimensional image formations, the problem with
accuracy and pixel information still remains as a challenge for the conversion of two dimensional image into three
dimensional image. Thus, a feasible solution can be formulated from a single image for the three dimensional
conversion. For this, the segmented image obtained using level set technique, which is a grayscale image, has been
converted into indexed one. Then the corresponding contour slice is obtained. The contour slice of different sizes is
stacked together to get the three dimensional view of vertebra.

IV. RESULTS AND DISCUSSIONS
1. Input Image

A single CT slice of L3 vertebra in DICOM format is given as the input for vertebra segmentation using variational
level set technique. The figure 2 shows the DICOM CT input slice.
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Figure 2: Dicom image of L3 vertebra

CT slice is of cross-sectional view, because this view helps in providing clear visualization of variational level set
concepts. The simulation platform used is MATLAB R2010a and the results of each stage are as follows.

2. Level Set Evolution

The intensity range of input is reduced to the range [0,255] and the level set function is calculated using signum
function which gives the values 0, 1 and -1. Using the level set function, initial contour is set and figure 3 shows the
initial contour initialization.

first figure

Figure 3: Initial contour based on signed distance function

Figure 4 shows the different stages of level set evolution. The Gaussian kernel used has a mask size of 17x17 with scale
parameter o = 4. There are four convolutions to be computed at each time step of level set evolution. The time step Vt
is set to 0.1. The regularization parameters p,y used in energy minimization has values 1 and 65.025. The heaviside
function used to smoothening the level set has a value € =1.

Th mer e B! eaamony TIR darataney accum
;
(© (d)

(@) (b)

Figure 4 (a) —(d): Different stages of level set evolutions
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3. Segmented Image
Using the Neumann boundary condition, the boundary for level set evolution is identified. Local clustering criterion

function evaluates the classification of intensity within the image. Figure 5 shows the final segmented image with
clustered regions shown as black, gray and white.

Figure 5: Segmented L3 vertebra

When the segmented result is compared to the input CT image given, the segmentation seems to efficient, highlighting
each and every part of vertebral region. The variational level set approach applied in the cross-sectional view of
vertebrae gives good result in CT slice in DICOM format.

4. 3-D Visualization

Eight duplicated copies of segmented image in figure 5 is concatenated in three dimensions and its singleton values are
removed using squeeze function in Matlab to obtain index image. Figure 6 shows the corresponding indexed image.

FiguTe 6: Segmented L3 vertebra

The contour slice of the indexed image shown in figure 6 is obtained using Matlab command. Then from that contour
slice, multiple copies were obtained. The figure 7 displays the contour slice of different size stacked together that will
render the 3D visualization of L3 vertebrae from single CT slice. This 3-D visualization can be enhanced if the same
procedure is done with multiple CT slices and will help the physician to get the in-depth details of vertebra.

Figure 7: 3-D contour slice
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1V.CONCLUSION

Using variational level set technique, a local intensity clustering property is used to define an energy minimization
criterion for the level set functions and it is effective for the simultaneous estimation of contour regions and bias field.
At present, the 2-D segmentation of vertebra in cross-sectional view is done on single CT slice and the 3-D
visualization of the segmented result is achieved. But the segmentation of vertebrae in 2-D image is peripheral, i.e. it
does not reflect the actual details and shape of vertebrae, so in future this segmentation has to be extended by using
multiple CT slices for 3-D reconstruction of vertebra rather than 3-D Visualization since the 3-D reconstruction helps
to give in-depth details of vertebra, which is useful for the diagnosis of several medical conditions affecting spine.
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