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Abstract
This paper presents a novel presents an approach based on differences of
intensities for the identification of vascular structures in medical images
from MRI studies of type time of flight method (TOF). The plating method
hypothesis gave high intensities belonging to the vascular system image
type TOF can be segmented by thresholding of the histogram. The
enhanced vascular structures is performed using the filter Vesselness,
upon completion of a decision based on fuzzy thresholding minimizes
error in the selection of vascular structures. It will give a brief introduction
to the vascular system problems and how the images have helped
diagnosis, is summarized the physical history of the different imaging
modalities and the evolution of digital images with computers.
Segmentation and 3-D reconstruction became image type time of flight;
these images are typically used in medical diagnosis of cerebrovascular
diseases. The proposed method has less error in segmentation and
reconstruction of volumes related to the vascular system, clear images and
less noise compared with edge detection methods.
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1. - INTRODUCTION
The most bleeding are frequently the result of rupture on small vessels, the breaking of a
wall of arteries or veins with different pathologies. Particularly, diseases as aneurysms and
arteriovenous malformations [A. G., H. M. Dewey, R. A. Macdonell; Nieto-de-Pascual] are
some examples of these.
Medical studies commonly that carry out for the detection of these cerebrovascular
problems usually are focused on medical imaging, such as MRI and CT, to name two
examples of the various methods of medical imaging. So that the research areas dedicated
to medical imaging have greater importance.
One of the techniques implemented in this area of diagnosis, mainly in MRI, is the
time of flight (TOF) [Vilanova Gallart].
The human body is composed of geometric structures of different types, or linear
structural such as: ducts, veins, nerves, arteries and others. Visualization in them is very
important for medical intervention [Sato Y, Nakajima S, Shiraga N]. There are the medical
interventions that provide information on vascular structures, as long as the image quality is
sufficient for displaying veins [Sato Y, Nakajima S, Shiraga N].
The aim of this work is enhanced the vascular structures and it is performed using
the filter Vesselness, upon completion of a decision based on fuzzy thresholding minimizes
error in the selection of vascular structures.

1.1. - Theoretical basis
One of the techniques implemented in this area of diagnosis is the TOF, it emitted radio
frequency pulses to excite protons in tissues and vascular system. There are two types of
proton reactions to these radio frequencies, the first is at rest for protons, these are
saturated by continuously receiving radio frequencies, thus the response signal intensity is
low and the second is for protons which are moving, they are not saturated and the signal
emitted is high intensity. This allows blood to distinguish tissue [Vilanova Gallart].

According to the theory of fuzzy logic control every element belonging to a set "U"
has a degree of membership and can be measured with a real number ranging from 0 to 1.
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The benefits of using this technique are the control combination of elements and the use of
prior knowledge of these elements in our case will be selecting pixels.
Membership functions in classical logic has set in which elements may be present or
not, but on fuzzy logic allows to describe the degree of belonging or inclusion of an object.
In the area of medical imaging, segmentation is the process of splitting an image
into anatomical sections that are of interest. Segmentation is a difficult task in medical
image processing; the images often have more noise and usually contain a structure with
different shapes and sizes, which vary depending on medical imaging. Segmentation can
rely on an operator in whole or in part, or be completely automated. These two types of
segmentation algorithms depend governing its operation [Geoff Dougherty].

2. – MATERIALS AND METHODS
The purpose of using a Hessian matrix is to use variations of gray values in the
neighborhood of a point of interest

can be modeled as a Taylor expansion of second

order [C. Lorentz I.].
(
Where

is the gradient and

)

( )

the Hessian matrix. The second derivative of a gray value

of the function “f” in either direction is given by

With

like Hessian matrix. The second derivatives are typically used as a filter

for the "enhanced" linear structures.
Analyzing the Hessian matrix can detect line structures, in this case, a dark structure
on a bright background it is characterized by a second derivative positively through line
and a small second derivative of any of the signals along the line. A Hessian matrix having
positive and negative eigenvalues, large and small, reflects this. In general, these values of
the eigenvalues can be used to simulate structures.
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Fuzzy logic can deal with information that is inaccurate, as the average height, low
temperature or high strength. Taking the example of the temperature control system based
on it could be interpreted if the temperature is high or low. Now the reason for using this
method is the ease with which it can integrate knowledge from expert’s ambiguous issues
such as the selection of veins or arteries [Bonifacio Marín del Brío].
TOF intensities of images and the results of applying the TOF Vesselness filter and
with the help of specialized neurologists analyzed is determined that the probability that
the voxels with high intensity values belonging to the vascular system. A set of rules that
allowed implement-filtering intensities of voxels and information yielding the Vesselness
technique were created.

3. – RESULTS
Vesselness results of applying the filter to images TOF type, cutting Sagittal 45 and
80 shown in Figure 1 and Figure 2 sets of images.

a). Original Image, slice 45.

b). Histogram of a).

Figure 1. – TOF Image.
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a). Vesselness image.

b) Histogram of a).

c) Slice 80 of dataset.

d). Histogram of c)

g) Vesselness image.

h). Histogram of g).

777

ISSSD 2015
September 26-30, 2015
Leon, Gto. Mexico

Figure 2. - Vesselness filter.

The images of Figure 3 represent the results of thresholding by fuzzy logic. The histograms
show a decrease of pixels with low intensities. The segment method for the vascular system
eliminates low-intensity pixels that do not belong to the vascular system that could be taken
as false positive when evaluating images.

a). Image of fuzzy classification.

b). Histogram of a).

c). Image of fuzzy classification.

d). Histogram of c).
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Figure 3. – Fuzzy classification.

a). Image of fuzzy thresholding.

b). Histogram of a).

c). Image of fuzzy thresholding.

d). Histogram of c).

Figure 4. – Fuzzy thresholding.
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In the table I is shown values of sensitivity, specificity, accuracy. This allows measuring
the performance objective and quantitative method.

Table I. - Performance method
Image

Sensitivity

Specificity

Accuracy

40

0.671

0.9816

0.9792

41

0.726

0.9804

0.9784

42

0.671

0.9789

0.9763

43

0.604

0.9823

0.9797

44

0.590

0.9821

0.9797

45

0.602

0.9837

0.9809

46

0.671

0.9941

0.9912

47

0.724

0.9989

0.9971

48

0.725

0.9991

0.9974

49

0.756

0.9985

0.9971

Below is a visualization of the jugular veins segmented by the proposed method (Figure 5)

Figure 5. – 3D reconstruction with 90 slices of TOF data.

4. – DISCUSSION
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The proposed method has the advantage over algorithms that do not consider intensities. As
a method based on intensity threshold selection it is critical to the success of the technique,
the threshold selection decisions based on diffuse a better response in the segmentation.

5. - CONCLUSIONS
Although some images were not segmented in its entirety, the chosen filter showed its
effectiveness in treating such images because to results of sensibility and specificity.
According to tests conducted with images increase or decrease the number of filters and
techniques could greatly affect the segmentation of the vascular system. The final model
based on fuzzy thresholding, showed an approximate segmentation than expected, however
change these threshold selection rules using fuzzy logic could improve the response of the
method.
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