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Segmentation and Classification of Bi-Rads Medical Images with the Imaging Biomarkers
According To Level of Detail
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Abstract: Segmentation is one of the latest directions of digital imaging development, presented by partial segments which are parts of the same image. The currently used
algorithms are rare and far from ideal. Depending on the situation, algorithms behave differently, so it is almost impossible to single out a unique conclusion. This paper
gives a proposal for new segmentation techniques with the help of Imaging Biomarkers for the digital image processing with auxiliary Hybrid edge detection algorithm and
especially a defined threshold of detection. Matlab software is used for giving a particular conceptual design of a partial display of images and for correlating adequate
numerical methods of digital processing. The study results confirm the quality of the proposed algorithm and position it for practical use in classification of BI-RADS breasts

classified by density.
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1 INTRODUCTION

Precise detection of object's edges is one of the most
important parts of digital image processing [1].
Segmentation represents the task of digital image
processing in definition of coherent regions inside a digital
image [2]. That definition has to come out of one of the
already defined parameters. Regarding the field of
application of digital image processing, different
parameters will be defined [3]. Medicine is a field in which
biological parameters will be defined, regarding to which
image segments will be isolated. It has to be noted that the
parameters were defined based on a quantitative analysis
previously done by medical doctors [4]. One of the main
methods of edge detection is based on model of active
contours, or snake segmentation [5]. Method of active edge
detects specific elements of the image, and dynamicity
fixates edges of the structure, while minimizing segments
entropy. There are several issues related to some
implementations of this method. First, it is hard to define
the starting pixel in snake initialization. Secondly, the
method is dependent on image quality, so images with
lower resolution, weak contrast or increased noise have
problematic edge detection. Third problem can be found in
synchronization method in certain parts of the image and
overlapping structures. The listed issues lead to edge
detection difficulties. For example, the angle from which
the image is generated can be a great problem because
different positions of image creation can lead to image
edges detection error, and that can lead to image
segmentation error. Biological contrast can also produce an
error in useful information detection. Finally, the method
by itself is complicated because a few parameters need to
be defined before iteration. Ergo, it would be useful to
develop a nonparametric active contour method, but to this
day, only a few of such approaches have been taken [6-8].
In manuscript [6], nonparametric model turns the problem
of parameter search into a problem of density estimation.
Disadvantages of this approach include the selection of
core size, and the risk of edge concavity not being found.
The problem of density estimation can be connected to the
image of biomarkers (BI) and something that already exists
as a biomarker can be used; that is the category of the

thorax density. Besides this theoretical framework, which
is needed to understand the new algorithm, this work has
given a methodological framework for its realisation as
well as the type of work in different real situations. A
proposal for new digital image segmentation techniques by
using Hybrid edge detection algorithm, RGB colour model,
alpha composite process, full grayscale and a combination
of parallel and sequential edge detections is given in this
article. One of the main innovations in the proposed image
segmentation technique is the central role of the edge
detection algorithm. The complete proposed solution is
fully compatible with other edge detection algorithms, so
it is adjustable for particular situations. So, for example, if
there is a new algorithm which gives better results, it is
possible, without great modifications, to replace it with that
new algorithm, and by doing that, not to affect the quality
of other steps in the segmentation done by the suggested
method. Each of the algorithms contained in the final
algorithm for segmentation has been suggested on the basis
of its positive results.

Ergo, positive effects of the laid out solution overcome
the laid out defects and difficulties which are created while
applying old models of segmentation. New model of
medical image segmentation has been laid out with the help
of hybrid edge detection and imaging biomarkers with non-
parametric method. Its advantages are maintained in
elimination of errors formed during noise occurrence in
medical images, which is kept as the main characteristic of
Hybrid model. In the same way, the model of edge
detection gives user an ability to define the detection
threshold and takes original edge detection into account,
negative and the original image, after application of
supplementary algorithm. This kind of algorithm detection,
used as a basis, gives a precision in defining of useful
information by 93%, as studies have shown. In the same
way, area Levels of Detail (LoD), based on thorax density,
were defined. It has been shown that already existing
classes of thorax density completely correspond with the
measurement Level of Detail in the new segmentation
method. The speed of image generating is identical to other
methods so the attached method can be seen as the original.
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2 THEORETICAL METHOD
2.1 Hybrid Edge Detection

In the process of image creation, optical sensor and
converting the visible spectrum into electrical signal
should be taken into account. That, for now, still imperfect
process of image creation of digital image creates certain
types of noise, which are differently defined, based on
applied optical sensor type. CCD and CMOS sensor
differences are well known, as well as algorithm for edge
detection in the image creation, as it has been described in
the paper [9]. During application of any algorithm in the
process of detection, noise matters as well, so algorithms
with low threshold of detection represent the noise as an
edge. All the given reasons were the basics for filter usage
which will "prepare" the image for detection. In other
words, this filter has the duty to eliminate 5% of the noise
in digital image, while having a high degree of similarity
to the original image, according to the method of SSIM
(The Structural SIMilarity) [10-13]. Based on the paper
[14], which collects different methods of noise elimination,
it can be concluded that Weighted algorithm method suits
the assumed initial conditions of image preparation for
edge detection. The next step should be the definition of
threshold of detection that the user will give. That way the
user will have the entire 8/bit scale. Such a procedure gives
a broad detection scope, i.e. defines the sensitivity of
detection, so it gives tremendous possibilities. Threshold
of detection is defined as difference in values between the
two neighbouring pixels. Something like that, in the case
of Hybrid model of edge detection, is done through three-
way comparison (Fig. 1) of neighbouring pixel values.
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Figure 1 System of pixel values comparison regarding the defined detection
threshold

It is important to do a comparison of this type for the
negative as well and totalize with the obtained values from
the first algorithm. By this procedure, mistakes are
conditioned by edge detection, and in the same way,
detection is done in the opposite direction, i.e. the detection
is now done in direction of 180° based on starting direction.
Third condition is the influence of different illumination
levels. For this goal, histogram equalization will be used as
supplementary algorithm.

After application of supplementary algorithm, an
image whose level of brightness will be almost identical to
8-bit system, as has been shown in Fig. 2, will be obtained.
Digital image in this form makes an even bigger difference
in values of neighbouring pixel and because of that it is
useful for further editing. Application of cumulative
histogram in this case gives the most useful results, which
is affirmed by many works based on extraction of useful
information from the image, to which almost the complete
spectre in one mutual part of the scale is illuminated [15].
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Figure 2 Image histogram after implementation of the supplementary algorithm

Complete algorithm of edge detection by using the
Hybrid method is shown in Fig. 3.
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Figure 3 Algorithm of Hybrid edge detection method

After application of Weighted algorithm, in which the
noise is eliminated, the image is used as detection basis
(original image). Next step is detection threshold definition
which is done by user and represents the basics for
detection. Detection is done in three completely different
steps:

1) On the original image,

2) On the negative of the original image,

3) On the original image after supplementary algorithm
application.
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All three received signals are kept as inter-results, and
the final result is the image represented by the cumulative
sum of the results after three defined detections. By
application of the algorithm from the field of digital image
which has filtrating as its basics, and then the algorithm
which manipulates the level of brightness in the image, and
taking into consideration that the final result is shown as a
sum of three signals, the complete process can be named
the Hybrid method for edge detection. It is necessary to
point out that each algorithmic block is independent from
the others and in order to get better results, it is possible to
change them.

2.2 Segmentation

Segments can be defined as a region between certain
defined discontinuities in the image. Discontinuities when
it comes to digital editing of the image must be shown in a
certain mathematical method, which we call edge
detection. When it comes to medical images, image
segments must represent and describe a certain condition
and it is desirable in idealistic cases that after that, the
medical treatment of the segment is defined as well. Two
standard methods of edge detection, parallel and
sequential, do not give relevant results. Parallel way of
detection is not ideal because it defines independence of a
set of points that are located on the edge, whether the point
stays at the edge or not. Sequential detection of the edge is
based on a point and the entire result of this process is
based on the well-chosen point. That is why the Hybrid
method is the best option for segmentation of this type
because it compares and takes into realization the inter-
results from a few series of elementary image processing.

3 IMAGING BIOMARKERS (BI)

Definition of characteristics of an image, which points
out biological processes or responds to interventions, is
called Imaging Biomarkers BI. Based on defined states of
BI, high quality answers may be given. Because of that, Bl
can be used for testing of a hypothesis; it can even be used
as a tool for clinical diagnosis. The breast imaging-
reporting and data system (BI-RADS) uses qualitative
analysis and interoperations of medical doctors on the BI.
By using 2D mammograms MDs breasts are classified
based on thorax density as: (a) entirely fatty, (b) scattered
areas of fibroglandular density, (c) heterogeneously dense,
and (d) extremely dense. It is important to note that this
method is based on MDs in 2D measures, and that it can be
wrong if it is done in 3D systems [16-18]. Because of this,
all the results have been done inside a 2D system, and
measured in 2D working domain. BI-RADS breasts
classified by density are shown in Fig. 4. As an elementary
credibility of the image, it is important to note that the
images were made in the same environment, and taken by
the same camera, so that final results can be measured.
Method of Hybrid edge detection has been confirmed as
ideal in the field of detection/acknowledgment and
affirmation of curves within nanoparticles, and as such has
been experimentally applied to medical images in this

paper.

i e s ’
Figure 4 BI-RADS breasts classified by density (a) entirely fatty, (b) scattered
areas of fibroglandular density, (c) heterogeneously dense, and (d) extremely
dense

4 SEGMENTATION WITH HYBRID EDGE DETECTION
ALGORITHM

Images used in this research are images which can be
found in the medical image data base defined in papers [19-
24] as well as images which were available during the
medical research at the Clinical Centre of Serbia. The
degree of useful information makes the difference between
the signals of original images and images treated after the
segmentation. In this way, obtained results of processing
(visual and numeric) are comparable with results obtained
by other methods. In the case of this images data base, a
new (suggested) method for image segmentation has been
applied and it sublimes hybrid edge detection method (for
original image and negative), weighted filter and
specifically defined edge detection threshold.
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Figure 5 The degree of useful information in the observed samples after
applying Hybrid edge detection

After application of Hybrid edge detection algorithm
on BIRADS breasts images, received edit has more than
93% of adequacy which carries useful information as has
been defined in previous works [19-24]. Degree of useful
information is based on concentration of changes on a
certain part of an image. Results of the edit were shown oin
Fig. 6. and the degree of useful information has been shown
in Fig. 5.
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Figure 6 O gnaI image processing by the Hybrid ede detection

Very important area of digital image processing is
segmentation of a certain image. After the quality of the
image, using the Hybrid edge detection, has been
determined, the Segmentation Mosaic algorithm can be
used. Results of the edit after segmentation have been
shown in Fig. 6. The post-segmentation view gives the
visually emphasized segments of the four breast density
classes, which are now very suitable for further processing.
In the next step, the level of details of the image can be
measured for every density. The given values of the level
of details will be connected to the already defined density
classes. Quantitative results of the analysis will be treated
based on a database of medical images. Given values for
causes will be grouped inside a determined area with
precision of 95%.

Figure 7 Original image processing by the Segmentation Mosaic method with
Hybrid edge detection

5 RESULTS &DISCUSSION

Connection of BI-RADS breasts classified by density,
with concentration of the level of details in images is done
on 100 medical images. Results have shown that the level
of density BI-RADS breasts can be connected to the
parameter of level of detail within digital images. Fig. 8 as
another characteristic image shows the 4 defined types of
breasts classified by density. Radiomics represents the
process of generation databases of medical images that can
be searched and that can be used for analysis of quantitative
analysis [25]. This potential analysis of medical images
gives a new dimension to image processing, as well as a
base for further editing. With this base, it is possible to
cross-search, combine or compare different elements to
different images and in that way gain unique conclusions,
especially when it concerns a database for one patient [26].
Repeated procedure of processing of Fig. 4, through Fig. 6
and 7, treated other images used as samples as well. In that
way Fig. 9 came out of Fig. 8.

-

Figure 8 Original BI-RADS breasts classified by density (a) entirely fatty, (b)
scattered areas of fibroglandular density, (c) heterogeneously dense, and (d)
extremely dense

Values of level of detail of shown examples for
entirely fatty were shown in Fig. 10. Those values for
entirely fatty vary from 0,4 to 0,54 according to measures
of discrete cosine transformations, which represents a low
level of details. High level of fat can be treated as a low
level of discontinuity on images, ergo the fact that there is
a low level of details. Values of standard deviation for this
type of density are circa 9%. There were no extreme
deviations on the segments so it can be said that the entirely
fatty ones can almost always be treated under 0,55 values
of the level of details for discrete cosine transformations.
Scattered areas of fibroglandular density and
heterogeneously dense ones as a class of middle density,
have a respectively,middle level of details. For scatterd
areas of fibroglandular density, level of details is from 0,62
to 0,77, and for heterogeneously dense ones level of details
is from 0,79 to 0,97. Even if remotely divided, these fields
are very close to one another. As there is no drastic
deviation of value of any sample, two fields can be treated
as referential.

Figure 9 Images from Fig. 5 processing by the Segmentation Mosaic method
with Hybrid edge detection
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Figure 10 Level of Detalil for Entirely fatty
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Level of Detail for Scattered areas of fibroglandular density vs. Samples
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Figure 11 Level of Detail for Scattered areas of fibroglandular density

The highest level of details can be found within
extremely dense ones-from 1,02 to 1,71. There is the
biggest deviation from the middle value, from the given
extent of values, but without extreme deviations which can
disturb the integrity of this field. An important
characteristic in marking of the variations of a parameter in
certain extent is the standard deviation. Values of different
types of density are shown in Fig. 14. The highest level of
standard deviation is level extremely dense, which is
around 15% of average value of the observed field.

Analysed images samples show areas which contain
parameters for LoD. Fig. 10, Fig. 11, Fig. 12 and Fig. 13
have no overlaps in levels of detail between defined areas.
Due to this fact, there is no error in classification between
the analysed areas.

Modelling of cancer using a computer is a field which
is being developed; at this moment it is based on
examination and analysis of a big number of medical
images. In addition to this, results of using multiscale
modelling of growing tumors had long term negative
effects on phenotypes [27].

Level of Detail for Heterogeneously dense vs. Samples
1,00 7

Bl W

—_—

Level of Detail for Heterogeneously dense

0,75 - - - ,
0 20 40 60 80 100

Samples
Figure 12 Level of Detail for Heterogeneously dense
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Figure 13 Level of Detail for Extremely dense

Conclusions about negative effects of experimentally
verified models of breast cancer on phenotypes can be
found in the paper [28]. Experiences and mistakes that have
been approved and verified through the given works, limit
the research in this paper in the conclusions. These reasons
have, until this day, forbidden direct connection of
segments of digital images with models of breast cancer,
so this can be taken as the limit of this research.
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Figure 14 Standard deviation for the different type of density

The described methods of segmentation in this paper
are subjected to comparison with other methods of
segmentation, described in papers [29-31]. Besides the
stated advantages of the theoretical frame of digital image
processing and approved using of mathematical tools, Fig.
15 provides visually comparative analysis of results of a
few methods [31, 32], and Fig. 16 shows results received
after edit of the attached method in this paper.

Methods shown in Fig. 15 are based on the texture
analysis. Textures take into account a group of pixels and
on the basis of that group, they form segments. The main
disadvantage of these methods is that textures do not match
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all changes in images, and therefore they do not match
analysed changes inside the breasts. Another disadvantage
of these methods is that in transformations of 3D area into
a 2D image there is often an error because a lot of layers of
texture are shown in the same image. Existing methods
form segments/regions on the basis of similarity of texture,
and the suggested method treats each pixel separately.

£

b) -
Figure 15 A visual representation of the comparative segmentation methods
described in the manuscripts, respectively [29-31]

Figure 16 Visual represntatln of the egmentation by the proposed method in
this paper

The method suggested in this paper detects every
change because each pixel in the image is in the "centre of
attention". In this way errors in segment detection are
minimised as each pixel in the image is treated.

Methods of segmentation differ, which is clearly seen
in the image. Proposed segmentation of medical images
gives the widest spectre of detected elements in the image,
which affirms the highest level of details detected within
images that have been compared. Therefore, only the
proposed method could relevantly connect with the fields
of levels according to density. Other methods depend on
parameters for detection of segmentation so as non-
parametric methods they do not give results for connection
to the level of details.

6 CONCLUSION

Applied way of image segmentation represents a new
method and it is completely different from those used
before. This paper clearly shows that the level of fats in
breasts can be directly connected to the level of details
within medical imaging. Highest level of fats will have
extremely low level of details so it can be said that the level
of details within digital imaging is inversely proportional
to the density of all 4 types. Even if, at the time being, for
the given reasons, connection of the mentioned segments
of digital images with breast cancer models is not possible,
this paper gives framework and algorithm conclusions for
this issue. However, before clinical application of this or
similar method, a lot of questions must be looked at, and
conclusions must be made regarding digital imaging,
databases, medical researches and therapies. Numerous
advantages of the models give better performances to
analysis of medicinal images of all types, within the same
image generating speed. Contrary to other methods which
treat groups of pixels as segments, the method suggested in
this paper treats each pixel separately, which drastically
decreases the possibility of error in segment detection.
Research in this paper has connected the level of details of
digital images after processing of medical images with
Mosaic segmentation methods with Hybrid edge detection.
Therefore, the results have experimentally shown that
every density class can relatively connect with concrete
level of details area. Also, complete independence of each
part of algorithm means additional advantage for
implementation of new ones if there is a need for it.
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