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Abstract. This article focuses on the detection of a
brain tumor location in magnetic resonance images.
The aim of this work is not the precise segmentation
of the tumor and its parts but only the detection of
its approximate location. It will be used in future
work for more accurate segmentation. For this rea-
son, it also does not deal with detecting of the im-
ages containing the tumor. The algorithm expects a
2D T2-weighted magnetic resonance image of brain
containing a tumor. The detection is based on lo-
cating the area that breaks the left-right symmetry of
the brain. The created algorithm was tested on 73
images containing tumor, tumor with edema or only
edema. These pathological structures had various
sizes and shapes and were located in various parts
of the brain.

1. Introduction

The detection of brain tumors is generally a more
complex task than the detection of any other im-
age object. Pattern recognition usually relies on the
shape of the required objects. But the tumor shape
varies in each case so other properties have to be
used. The general properties of healthy brain are
widely used as a prior-knowledge. One of them is
the probability of tissues locations using probabil-
ity brain atlas, which is used e.g. in [7]. Another
widely used knowledge, which is used in this arti-
cle, is the approximate left-right symmetry of healthy

brain. This approach is also used e.g. in [3] [4] [S].
Areas that break this symmetry are most likely parts
of a tumor.

There are also many other methods used for tumor
extraction, but they usually rely on machine learn-
ing algorithms such as SVM used e.g. in [6]]. For
this purpose, many algorithms need to have patient-
specific training dataset. This makes the method
more demanding for the experts. These methods
usually rely on other contrast images, such as T1-
weighted contrast enhanced images [10]. Fully au-
tomatic exact segmentation of the tumor is still an
unsolved problem, as the accurate image segmenta-
tion itself. The method proposed in this work is less
accurate than many other methods used nowadays,
but it is fully automatic and it is used only for the
detection of the brain tumor location for subsequent
segmentation, which will be the aim of future work.

The big advantage of the symmetry approach is
that the process does not need any intensity normal-
ization, human work etc. The only step that needs
to be done is the symmetry axis detection. Another
advantage is its independence on the type of the tu-
mor. It can correctly detect anomalies in images
containing a tumor, a tumor with edema or only an
edema, which is an abnormal accumulation of the
fluid around the tumor and is present only with par-
ticular types of tumors.



2. Proposed Method

The input of the whole process is a stand-alone 2D
T2-weighted magnetic resonance image containing a
tumor. It means that no neighbor slices are consid-
ered. The reason for T2-weighted image is the visi-
bility of tumors in this type of image.

The tumor detection process consists of several
steps. The first step is the brain extraction followed
by cutting the image. In this cut image, the asym-
metric parts are detected and then the decision which
half contains the tumor is made. The detection of the
symmetry axis is skipped because the input data were
aligned in previous processing. The only assumption
of proposed method is a vertically aligned head. For
the purpose of detecting the symmetry axis, the well
performed algorithm works and is described in [8].
Addition of this method as a preprocessing step will
be one of the aims of the future work.

2.1. Brain Extraction

The extraction of skull is based on technique men-
tioned in [2]] and is done by the well-known method
called Active contour, or Snakes [9]]. At first, the
smallest rectangle, whose sides are parallel to the im-
age sides, surrounding the skull are detected. The
initial mask is set to this rectangle to be sure that the
whole skull is inside the mask. Then the algorithm is
executed.

Assuming that the head is approximately symmet-
ric, the symmetry axes is set to be parallel to the ver-
tical axis and to divide the detected rectangle into two
parts of the same size.

The results of the segmentation algorithm is not
only the border of the skull, but also the border of the
brain. This border is used to extract only the brain
instead of the whole skull as in [2]. Only the seg-
ment that is located in the center is extracted. Be-
cause in some cases the brain segment can be joined
to the skull segment but not symmetrically, another
processing has to be done. The operation of logi-
cal conjunction is performed with this segment and
its symmetric flipped image. This causes that points
that are not on one side will not be considered also
on the other side. The resulting mask is applied to
the input image. The result of the brain extraction is
shown in Figure|T]

The described process approximately extract the
brain and set the symmetry axis in center of the new
image. Except the brain, in cases where eyes are
present, they are also inside the brain mask because

Figure 1. Extracted brain.

there is usually not clear border between them and
brain.

Even if the mask is not so precise, the future re-
sults are not so influenced because the asymmetries
caused by tumor are much higher.

After the extraction of the mask, the image is fil-
tered by a Gaussian filter of size 5x5 to make the par-
ticular parts more homogeneous. The resulting mask
is then applied to this filtered image followed by cut-
ting the image because in parts outside the mask, the
symmetry does not need to be checked.

2.2. Asymmetry detection

The main part of this work is the detection of sym-
metric anomalies, which are usually caused by brain
tumor, whose detection is the main purpose of this
article. The first step of this process is dividing of
the input image into two approximately symmetric
halves.

Assuming that the head is not rotated and the skull
is approximately symmetric, the symmetry axis is
parallel to vertical axis and divide the image of de-
tected brain into two parts of the same size.

A squared block, with the side length computed as
one quarter of the longer side of the input image, is
created. This size is suitable for the detection of both
small and large tumors. The algorithm goes through
both halves symmetrically by this block. The step
size is smaller than the block size to ensure the over-
lapping of particular areas. These areas are compared
with its opposite symmetric part. In this case, the step
size of one sixteenth of the block size was set.



Comparing is done by Bhattacharya coefficient.
[1] Normalized histograms with the same range are
computed from both parts and the Bhattacharya coef-
ficient is computed from these histograms as follows

[1]:

N
BC =Y /1(i)-r (i), (1)
=1

where N denotes the number of bins in the histogram,
[ and r denote histograms of blocks in left and right
half, respectively.

The range of values of Bhattacharya coefficient is
(0, 1), where the smaller value, the bigger difference
between histograms. For the next computation, the
asymmetry is computed as:

A=1-BC. )

This asymmetry is computed for all blocks. The
global maximum is detected. This is the most asym-
metric block and most likely contains the tumor.
Since the tumor can be larger, the initial size of the
block, also the blocks with asymmetry bigger then
0.5- max(Asym), are extracted. This threshold was
set experimentally as a compromise between the size
of the area and the asymmetry of areas. When the
threshold was decreased, the resulting areas were too
large, while for higher thresholds, some parts of the
tumors were located outside the area.

The output of this computation is a both-sided
mask containing the most asymmetric parts. This
mask is slightly enlarged by morphological operation
dilation for the case that some part of the tumor could
be outside the region. This mask is applied to the in-
put image.

The whole cycle is repeated twice for this new im-
age but with smaller block. Height and width of the
block is iteratively reduced to the half of the previ-
ous value. So the new size of the block is one quar-
ter and one sixteenth of the initial size, respectively.
The purpose of smaller areas is the more precise de-
tection of asymmetry. This approach corresponds to
multi resolution image analysis described in [[11]].

The resulting both-sided mask is again applied to
the input image and this image is sent to the output
of the detection process.

The results of particular steps are shown in the
Figure 2] The input image size in this example was
256x256, so the Figures 2(a)], 2(b)] and 2(c)] demon-
strate detection of the most asymmetric areas for the

Figure 2. Asymmetries detection: [(a)] the first step for
block size of 64x64 pixels, the second step for block
size of 32x32 pixels, the third step for block size of
16x16 pixels, [(d)] the result of the asymmetries detection,

block size of 64x64, 32x32 and 16x16 pixels, respec-
tively. As can be seen, searching for asymmetric
parts is done only in asymmetric areas provided by
previous step.

2.3. Locating the tumor

The detection of asymmetric areas does not ex-
plicitly locate the position of the tumor. There are
still two possible locations of the tumor - right or
left side. Two methods, for deciding in which part
the tumor is, were tested. First of them is the prior-
knowledge of the physical properties of brain tissues.

In T2-weighted images, tumors and edemas ap-
pear hyperintense [13]. This means that the pro-
duced signal is stronger than the signal of the white
matter, in which tumors are located in most cases.
This method is based on computation of the mean
of the region. Tumors located near ventriculus could
cause problems, because ventriculus produces even
stronger signal. This could lead to misclassification.

The second possibility how to locate the tumor is
to find it in the same way as asymmetries. Normal-
ized histograms are computed from both areas and
also from the rest of the brain. Histograms of both
areas are compared with the rest of the brain using
Bhattacharya coefficient. Area with less similar his-



Figure 3. Located tumor.

togram is labeled as the one containing the tumor.

Both methods were tested. The first one produces
slightly better results, the quantitative results are de-
scribed in the next section.

The result of the tumor location for the input im-
age from Figure 2(d)] is shown in Figure 3| In this
figure, the result image of the whole algorithm is
demonstrated.

A problem occurs if the tumor appears in both
halves of the brain. Since the tumor is not symmetric
it is likely detected as asymmetric area even in this
case. But the locating step relies on comparing both
sides, therefore only one of them can be labeled as a
pathological.

3. Results

The algorithm was tested on 73 T2-weighted im-
ages from 13 different patients. Every image con-
tained a tumor, a tumor with an edema or only the
edema. Various shapes, locations, and sizes of these
pathological areas and various image resolution were
tested. Results are shown in Tablelll Results are de-
scribed by number of cases and by percentage of the
total number of tested images.

At first, the evaluation of the detection of sym-
metric anomalies will be described. In 1 case, the
anomaly detection failed. In this particular image,
only the edema was present and it was hardly visi-
ble even for human. At least 75% of the patholog-
ical area was detected in 72 cases. In 8 cases, the
pathological area was found, but the extracted area
was too large compared to the tumor, or the tumor

Result Num. of cases Percentage
Number of images 73

Incorrect anomaly 1 1.37%
detection

Detected main part 72 98.63%
of path. area

Too large area 8 10.96%
15-20% outside 9 12.33%
Correct anomaly 55 75.34%
detection

Correct area 52 71.23%
extraction

Table 1. Total results.

was not in the approximate center of this area. The
example of this result is shown in Figure In 9
cases, the pathological area was found, but from 15%
to 25% of it was situated outside the extracted area.
This includes also 3 images, where the pathological
area was located in both halves. Such case is shown
in Figure In only 2 of these 9 cases, more than
20% of the pathological area was located outside the
extracted region. It means that in 17 cases, the re-
sult of anomaly detection was not totally incorrect,
but it was not so accurate. In 55 cases, the anomaly
detection was correct.

After the anomaly detection process, the decision,
on which side the pathological area is, has to be done.
In this part, only 55 images with correct anomaly de-
tection result are considered. The region mean com-
putation failed in 3 cases, so the total number of cor-
rectly extracted area is 52. For localizing the tumor
by comparing to the rest of the brain, computation
failed in 6 cases, so the total number of correctly ex-
tracted area is 49.

In Table [2} the results dependent on pathological
area size are shown. There were 8 small, 23 medium
and 42 large tumors. According to the assumption,
the most of tumors, whose part was situated outside
the extracted region, belongs to the group of large
pathological area, and the only totally incorrect result
belongs to the group of small pathological area.

A few results can be seen in the Figure [} [5|and [6]
The area of the tumor location is surrounded by a red
line. One can see that the detected area is a little bit
larger than the pathological area itself. One reason is
the use of dilation at the end of asymmetry detection.
This is done to locate the whole tumor and not only
a part of it. Another reason could be explained by



Size of pathological area
Result Small Medium Large
Number of images 8 23 42
Incorrect anomaly 1 0 0
detection
Detected main part 7 23 42
of path. area
Too large area 2 4 2
15-20% outside 0 1 8
Correct  anomaly 5 18 32
detection
Correct area 5 17 30
extraction

Table 2. Results dependent on tumor size.

influence of the tumor in the neighbor parts of the
brain. Because the tumor is a tissue which is growing
during the time, it presses the other parts of the brain.
This creates the deformation and asymmetry not only
in the tumor location but also in the adjacent parts
and gradually in the whole brain.

Since the method is based on asymmetry detec-
tion, the problem appears when the tumor is located
in both halves or on the symmetry axis. In this case,
some parts of the tumor could be outside of the ex-
tracted area even if they are located in the half in
which the tumor was detected. The reason is that the
tumor located in both sides causes symmetry in these
parts, so for the algorithm it seems to be a healthy
tissue.

The part of the tumor located in the other half of
the brain is also outside the detected area. The exam-
ple of that problematic type of tumors is shown in the
Figure This problem could be prevented by an
additional step that consists of checking whether the
border of the asymmetric area matching the symme-
try axis border, in other words if the both-sided mask
creates only one homogeneous region.

Compared to the approach proposed in [2]], our al-
gorithm provides a region containing the most of the
tumor area, which will be necessary in the next pro-
cessing that is the aim of the future work. Moreover,
the results of our method are not simple rectangles,
but they can better capture the structure of the tumor.

From the principle, the proposed algorithm could
also detect multifocal tumors as separated regions
[14]. Unfortunately, this assumption was not tested,
because no images containing multifocal tumors
were present.

4. Conclusion and future work

The aim of this work was not the precise segmen-
tation of the brain tumor but only detection of ap-
proximate location of the tumor. This location could
be then used for more precise tumor extraction and
could make this task easier.

The future work will consist of the automatic sym-
metry axis detection and the more precise extraction
of the tumor based on current results.

The attention in the future work will also be paid
on automatic detection of the image containing the
brain tumor and searching for the relations between
neighbor slices. After that, the work will continue
with extending the method to 3D MR images.
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Figure 4. Examples of results (red area) compared to the
ground truth (blue area).
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Figure 5. Examples of results (red area) compared to the Figure 6. Examples of results (red area) compared to the
ground truth (blue area). ground truth (blue area).
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Figure 7. Less precise results (red area) compared to the
ground truth (blue area): [(a)] Problematic type of tumor
located in both halves, @]Result evaluated as a large area.



