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Abstract
This work involves the implementation of an automatic method for image segmentation and

quantification of malign tumor angiogenesis, in section of histological tissue. Representing the formation of new
capillary blood vessels from pre-existing blood vessels, the angiogenic activity provokes a fast expansion of
tumor population and increases the risk of the metastase. To extract the dimensions of angiogenesis, a set of
image processing steps, is executed. Once the image has been captured, it is enhanced through the Background-
Removal filter to enhance the interest information. The Canny operator is applied after that to detect the abrupt
variations in the image, and at the end, Contour Following algorithm is applied to link the non-closed area and
processing the quantification operation.
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1 Introduction and Motivation

In the world of pathology, the
qualitative evaluation of microscopic sample
in pathology is based on a visual analysis of
the image by the pathologist with the aim of
detecting and classifing its diagnostic
features. Generally a good interpretation of
microscopic image depends on the quantity
of observations made by some experienced
pathologist, and, on individual capacities of
pathologists in order to take the decision
from a combination of good visual analysis
and his theoretical knowledge [7]. Thus,
using these criteria, the interpretation of
microscopic image can provide valuable
clues for individual therapy. Unfortunately,
as the selection of adequate therapeutic
strategy depends of subjective assessment, it
results in an  inter and intrapathologist
disagreement. In order to minimize this
discordance in the criteria of diagnostic, it
therefore becomes necessary to use new
technologies such as image  analysis,
permitting a quantitative evaluation based on

some objective measurements of microscopic
image.
In the setting of these researches we have
developed a novel Image Processing System
combined with immunohistochemistry to
automatically segment and quantify growth
of tumor angiogenesis [4] in its early stages.
Knowing that the interactions on tumor
angiogenesis are more effective when applied
during the initial phases, the technique of
automatic quantification can therefore, help
the pathologist in the evaluation of the
effectiveness of new diagnostic and
therapeutic methods.

2 Image Processing

The term " Image Processing" refers to
the group of procedures, through which the
information contained in the image can be
manipulated, usually to restore it, to
optimize it, or to improve the visual aspect
of structural features of image.
To quantify the dimensions of the
angiogenesis areas, a number of stages of



image processing are performed. After
selection of the tissue section  and its
coloration using immunistochemistry marker
and its digitization with a CCD-camera
(fig.1), the image  is processed with the aim
of quantifying Angiogenesis Regions.
Once the original image is divided in three
components (Red, Green, Blue), the process
starts on the blue band (fig.2). This way, we
can achieve the best results since the
boundary of the angiogenesis area can be
detected
The process is made up of three stages as
follows.
− Image Enhancement
− Image Segmentation
− Image Quantification

Fig.1 Image acquisition system for
histological sections

3 Image Enhancement

A problem of image analysis generally
begins by stage preprocessing. This one
consists of extracting from images
representation which can translating better
its characteristics [8]. This is explained by
the fact that the original images are difficult
to analyze directly. These images can,
contain points that are not pertinent for the
projected analysis [10].  Consequently in this
sense the algorithm called removal-

background is used, that allows on one side,
to remove the noise of image background,
and the other side, to increase the contrast of
the areas to segment. This algorithm consists
of computing the average of each line of the
image array, and later to subtract this
average, starting from each pixel, in the same
line of the image. The result is an image with
a type of removed background, where the
areas of the angiogenesis are enhanced, thus
facilitating the application of Canny edge
detection. The figure 3 shows the result of
this technique.

Fig.2 Original Image

Fig.3 Image Enhanced



4 Image Segmentation

Segmentation is a process of grouping
parts of the image into units that are
homogeneous with respect to one or more
characteristics (or features). In medical
imaging, segmentation is a process necessary
for feature extraction, image measurements
and the output of the process is usually a set
of classified elements, such as tissue regions
or tissue boundaries.
The main purpose of this study is to apply an
edge-based technique to perform the
segmentation of angiogenesis area by using
the Canny edge detection algorithm [2].
Thus, the Canny operator is an
computational approach which arises from
the earlier work of Marr and Hildreth [6],
who were concerned with modeling the early
stages of human visual perception. The edge
detection process serves to simplify the
analysis of images by drastically reducing the
amount of data to be processed, while at the
same time preserving useful structural
information about object boundaries.
The motivation for using Canny’s edge
operator in this work is its performance
which specifies three performance criteria
[3]:

− Minimizes the probability of multiply
detecting an edge

− Minimizes the probability of failing to
detect an edge

− Minimizes the distance of the reported
edge from the true edge

The image processing using Canny Edge
Detection is executed by four main stages
[9].

− Smoothing with Gaussian filter
− Gradient Computing
− Non- maximum Suppression

− Thresholding

4.1 Smoothing with Gaussian filter

In this phase of the process we use
convolution operator to smooth, to reduce
or to attenuate the higher frequencies in the
image [1]. The way to do this sort of
smoothing is to simply average together
neighboring values. This can be
accomplished with a mask so that the size of
the neighboring defined for the filtering is a
function of the force of the filtering to
execute. The Gaussian [6] is the smoothing
operator most commonly used for this type
of operation. It has the attribute that the
frequency components of the image are
modified in a smooth manner.
The Gaussian operator is similar to the mean
filter, but it uses a different kernel that
represents the shape of a Gaussian
In one dimension, Gaussian filter and its
derivative take the following form:
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The most important parameter in Canny
Edge Detection is to define an appropriate
standard deviation and the size of the
Gaussian filter, in the smoothing step.

4.2 Gradient Computing

The approximation to Canny’s optimal
filter for edge detection is the derivative of
Gaussian, and so by convolving the input
image with derivative of Gaussian, it will
obtain an image, which has enhanced edges,
even in the presence of noise, which has been
incorporated into the model of the edge
image [2].  This type of convolution is



expensive computationally, principally in the
two-dimensional case. However, as the
Gaussian is separable, the convolution with
the Gaussian in two dimensions can be
separated in two convolutions of Gaussian of
one dimension and the differentiation can be
made after this operation.

4.3 Non-maximum Suppression

After the rate of intensity variation has
been found in each pixel, through the
magnitude of the gradient, it is necessary to
now compute the local maxima of gradient
amplitude of image, in order to minimize the
number of unwanted edges. That is done by
a technique called nonmaximum suppression.
This technique works in the same way as
noise filtering, because it allows the
reduction of the thickness of the contours to
one pixel.
In this work we use the technique of
nonmaximum suppression based on results of
directional gradient found in previous phase
of the process. To avoid this stage of the
process being expensive computationally, the
information orientation is calculated from the
directional gradients Ix(i,j) and Iy(i,j).

4.4 Thresholding

The last operation used by Canny is
called Thresholding Hysteresis. Many edge
detectors use only one threshlod that
indicates if the edge floats above or below
this threshold.
In the technique of Canny the thresholding
operation uses two thresholds: a low
threshold and a high threshold. If the value
of the edge passes above that of a high
threshold then this edge is immediately
accepted, while if the value of the edge is
below that of a low threshold then the edge
is rejected. The points that are between the
two limits are accepted if they are connected

to " pixels " that it has a good reply. The
great advantage of this procedure of
thresholding is that it allows more points to
be connected, facilitating the eventual stages
of plugging and approach of contours.

Fig. 4 Image with Edges Detected

Fig.5 Image for Quantification Process

When all stages of Canny’s Edge
Detection are performed we note there are
some edges which are not completely closed.
This creates problems to quantify the
angiogenesis area. To solve this we use the
contour following algorithm which facilitates
the linking of edge pixels and allows the
computing of the morphologic data (area and



the perimeter of regions angiogenesis
tumor). This algorithm draws a contour
around a given object until completion, then
looks for the next object to be contoured.
Contour-Following algorithms span a
particularly wide range of complexity. It
requires the object contour to be four-
connected. Assuming that a starting point on
the contour of the object has been found, the
algorithm cycles through four steps. If the
algorithm is on a pixel in the object, it turns
to the adjacent pixel 90o in a clockwise
direction. It stops when it has reached a pixel
adjacent to the starting pixel
The images show the original image (Fig.2),
the result of image enhancement (Fig.3),
image segmentation (Fig.4), and the result of
Contour Following (Fig.5).

6 Conclusion
 

In this paper, a new approach for
quantification of Angiogenesis proliferation
area in tissue section is proposed. For the
pathologist, perceiving and locating tumor
angiogenesis are everyday tasks, but
accomplished subjectively. However to carry
them out objectively, sophisticated
algorithms are required, and hence,
computational power.
Thus, for a successful implementation, we
require three algorithms of image processing
to resolve this problem: Image enhancement
to increase contrast of regions to segment,
Canny Edge Detection to detect these
regions and Contour Following for linking
regions segmented. In 92% of test images
algorithms used have given satisfactory
results.

7 Future work

The future direction of this research
should be in the implementation of
computer-based automated image analysis

systems. We have successfully simplified
these images to allow future classification of
tumor angiogenesis. Hence, artificial
intelligence and neural network techniques
can be used with the aim of prospecting for
successful automation of tumor identification
in clinical investigations.
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