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Abstract

Background/Objectives: This study aims to automate breast cancer detection to either benign or malignant. This process
helps physicians for early detection of the tumor. Methods Analysis: We propose a novel method for breast cancer detection
called CARA. The proposed method is based on Circular ROI (Region of interest) of the tumor. The circularity of the tumor
determines the tumor type either benign or malignant. Findings: The proposed CARA method achieves high accuracy

rates compared to other previous work. CARA exceeds other previous work by more than 20% in accuracy. Moreover, CARA
outperforms other previous work in all performed trials. Additionally, the proposed CARA method outperforms other
previous work with respect to execution time. Improvements/Applications: Automatic classification of breast cancer to
either benign or malignant in order to help physicians for early detection of the tumor.
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1. Introduction

The Breast cancer is the cancer that forms in breast cells.
It is the most common type of cancer among women.
Breast cancer may affect both men and women, but it is
more common in women. Breast cancer is diagnosed in
12% of women in the United States over the course of
their lifetimes, and more than 250,000 new cases of breast
cancer were diagnosed in the United States in 2017'.
Additionally, halfa million women have developed cancer.
Also, 100,000 women die every year in Europe due to
breast cancer?. In Arab world, breast cancer is dangerous.
Records associated with breast cancer cases diagnosed
from 2001 to 2008 among Saudi women indicated that,
6,922 females with breast cancer were registered in the
Saudi Cancer Registry2.

The highest prevalence was found in eastern region
of KSA, followed by2. Several factors may be the causes of
breast cancer. These factors differ for different geographical
locations®. Breast cancer is lower among men than among
women, however, men were at more risk of death than
women. Moreover, divorced patients were more at risk of
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death than married, single, and widowed patients, though
there was high mortality among married patients®.
Unfortunately, Saudi Arabian women with breast cancer
who are divorced may have worse consequences and less
support than other women because of the conservative
nature of the country*.

Breast cancer starts in different parts of the breast.
Most breast cancers begin in the ducts that carry milk
to the nipple. Some other cancers start in the glands that
make breast milk®. The knowledge of breast cancer risk
factors can strongly contribute to breast cancer prevention
efforts.

The treatment of breast cancer is very effective
especially when being initiated at an early age and
sustained over a lifetime?. There are two types of breast
calcifications, Micro-Calcification Clusters (MCCs) and
mass lesions (Macro-calcification). Micro-calcification
is a small of calcium that has amassed in the breast. It
appears in the X-Ray as a small bright plug as shown in
Figure 1. Often, it appears as points on the mammogram,
which are considered as benign tumors. Often, in Macro-
calcification, breast cells are transformed into abnormal
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(malignant) and spread to other areas of the patient
body. The difference between the two types is shown in
Figure 1°.

A. Micro-calcification ~ B. Macro-calcification
Figure 1. Difference between the two types of the tumor®.

In most cases, benign tumors are one of semi-circle
or a circle shaped, and it is often a mass with soft limit.
However, malignant tumors often have complicated
shapes, and have irregular boundaries as shown in
Figure 27.

Mammography is one of the tools used by doctors for
breast cancer diagnosis. Moreover, mammography was
used for early detection of breast cancer. Physicians found
difficulty in diagnosing a mammography. This may be due
to lack of clarity of images. Therefore, the computer was
used to analyze mammogram images for more accuracy?®.
Image processing, data mining, and machine learning
techniques are often used to classify the mammograms
to either benign or malignant in order to achieve early
detect of the tumor. The proposed method aim to help
physicians to achieve early detecting of the disease, and
to find the suitable treatment as well. In this study, we
propose a new method for breast cancer detection. The
proposed method is called CARA which is a modification
of the method called Circularity Max Metric (Cmax)®.
The proposed method used dataset of images from the
MIAS dataset™.

A- Benign B-Malignant
Figure 2. The difference between Benign and Malignant

tumors’.
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This study is organized as follows; Section 1 presents
the introduction, Section 2 presents the necessary
background. Section 3 surveys the literature review. In
Section 4, the proposed method is explained. Section 5
presents the experimental results. Finally, the study is
concluded in Section 6.

2. Background

Breast cancer may come in many forms. Some of them are
circular, oval, or regular shaped. However, the irregular
shaped is also common. These shapes are shown in

Figure 3%
Round Oval Lobulated Irregular

Figure 3. The difference between benign and malignant
tumors11.

Much of the research in breast cancer depends on
the regularity of the boundaries of the tumor in order to
correctly classify the tumor. For example, regular tumor
shapes are often indicating to benign tumors. However,
irregular shapes are often indicating to malignant tumors.
Here, we will review a previous work method that called
Circularity Max Metric (CMAX)2 CMAX uses the shape
of the tumor to classify the tumor to either benign or
malignant. Our proposed method is a modification of the
CMAX method. The Cmax® method is used for classifying
the tumor to either benign or malignant. In% the authors
enhance the mammogram images as a preprocessing
step. Then, they used the Wiener filter to remove the
noise from the images. So, some features are extracted
from the images such as the centroid of the shape. Next,
a surrounding circle is drawn to the shape as shown in
Figure 4. The surrounding shape is used for computing
the area of the circle and the shape. Equation (1) is used
in this computation®.

A
Circularity = —24~ (1)

Circle
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From Equation (1), represents the area of the shape.
The represents the area of the circle. The result of division

of both areas determines the tumor type either benign
or malignant. If the result is greater than 65%, then the
tumor is classified as benign, otherwise it is malignant.

Figure 4. Illustrate Circularity Max (Cmax)>

3. Literature Survey

In', some features are extracted from image. Then, the
correlation coefficient is computed on the Region of
Interest (ROI). In?, the authors present the CMAX method.
In'?, a comparison between four thresholding methods is
conducted to detect breast cancer. In'3, breast cancer is
detected by using both segmentation and thresholding.
This method is based on a focus of the pixels on image.
In both researches of**, the authors describe and analyze
some risk factors related to breast cancer disease in Saudi
Arabia. Their conclusion is that, most of the worldwide
risk factors are still applicable in Saudi Arabia. However,
the Saudi case has more risk factors such as over-weight
and the high percentage of divorce. In', the authors
applied morphological filter to enhance image. In%,
the Spherical Wavelet Transform (SWT) is used, after
segmentation, and extracting of the ROI. However, these
techniques are limited when dealing with noisy images.
In'S, the calculation of the fractal dimension was used.
InY, the authors present two new methods for breast
cancer detection based on tumor shape.

4. The Proposed Method

Here, we will present the proposed method which is called
CARA. The goal of the proposed method is the early
detection of breast cancer. The proposed CARA method
is compared with Circularity Max Metric (CMAX)
method’. The proposed CARA algorithm modifies the
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previous Cmax® method. The flowchart of the proposed
CARA method consists of six stages as shown in Figure 5.

Thresholding
|

Connected
components
I
Morphology

filtering

Start

Figure 5. Flowchart of the CARA algorithm.

The CARA algorithm begins as follows; first, an image
from the data set is selected. The second stage is the
specification of the Region of Interest (ROI). The third
stage is the Thresholding. The fourth stage is the using
of the connected components algorithm'®. To find the
unlabeled pixel, the flood-fill algorithm® is applied. The
fifth stage is the noise removal by using the morphological
filtering®. The sixth stage is the features extraction process
in order to classify the tumor. The feature extraction
phase requires measuring the shape area and the circle
area which surround the shape, as shown in Figure 6.

Figure 6. Localizing the tumor by using a circle.

Here the features extracted are the shape area and the
circle area. After calculating the area of the shape and the
area of the circle, Equation (2) is used to compute the
result Res.

Circle,

Res =——~2—
Circle, —ROI

(2)

Where represents the area of circle and represents the
area of the ROI. If Res >=2.17, then the tumor is classified
as benign, otherwise the tumor is classified as malignant.
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The steps of the CARA algorithm is detailed in the
pseudocode shown in Figure 7.

Pseudocode: Algorithme CARA
Input: Image

Output: Tumor classification

1- Select Image Ii

2- Get ROI Ci

3- features extraction

4- Calculate the centroid of Rol
5- Calculate the circle of area
6- Calculate the ROI of area

7- Calculate the res

8- If res > = 2.17 then tumor is benign
9- Else the tumor is malignant

Figure 7. Pseudocode of the CARA algorithm.

5. Experimental Results

In our experimental results, 1200 images are tested. A
PC with MATLAB ver.17, core I5 processor, and 8 GB
ram is used in the experimentation. The used images
are categorized as 600 of them are benign and the other
600 are malignant. The test images are divided into six
samples. Each sample contains 200 images (100 benign,
100 malignant). The accuracy is calculated by using
Equation (3).

TP +TN

cc= x100 3)
TP+TN+FP +FN

Where TP is the true positive. The true positive refers to
the number of correctly classified malignant cases. TN is
the true negative. The true negative refers to the number
of correctly classified benign cases. FP and FN are false
positive and false negative respectively. They are referring
to the misclassified cases in either malignant or benign
test cases.

5.1 Comparison of CARA and the Previous
Work int!

Table 1 shows a comparison of the experimental results
between the proposed method and the previous work
method proposed in'’. In the table, the first column refers
to the sample number. In the second column Ben. TN
Refers to the number of true negative cases (benign) is
specified. In the third column, the number malignant true
positive cases is specified. The Acc. refers to the accuracy
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computed from Equation (3). Finally, the Avg. column
refers to the average.

From Table 1, it is noted that, the proposed CARA
method exceeds the previous work method proposed in't
in accuracy. On the average, the CARA achieved accuracy
about 76.9%. However, the method proposed in® achieved
average accuracy of only 56.8%, with a difference of
accuracy between them about 20%.

Table 1. Comparison between CARA proposed and
previous work in'!

Sample CARA (Proposed) Previous work [11]

Ben. | Mal. | Acc.% | Ben. | Mal. | Acc.%
N TP TN TP

1 78 69 73.5 72 58 65

2 88 77 82.5 64 52 58

3 81 77 79 70 47 58.5

4 75 71 73 67 45 56

5 77 75 76 50 47 48.5

6 80.8 | 74.2 77.5 60 50 55

Avg. 76.9 56.8

5.2 Comparison of CARA and the Previous
Work Method Cmax?

The accuracy of the proposed CARA method is also
compared with accuracy of the previous Cmax method
presented in’. Table 2 shows the result of the comparison
between them. Again, it is noted from Table 2 that, the
proposed CARA method exceeds the previous work
method in accuracy by about 5.6%. Moreover, the
proposed method achieves higher accuracy rates in all
trials. Therefore, the CARA method achieves the highest
accuracy rates among all studied methods.

Table 2. Comparison between CARA method and
previous work Cmax?

CARA Proposed previous work Cmax’
Sample l?;; 1\;;1 Acc.% l}r;r; B;;I Acc.%
1 78 69 73.5 51 90 70.5
2 88 77 82.5 74 85 79.5
3 81 77 79 46 93 69.5
4 75 71 73 42 91 66.5
5 77 75 76 49 92 70.5
6 80.8 74.2 77.5 52 91 71.5
Avg. 76.9 71.3
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From the figure it is noted that, while the Cmax
method? outperforms the method presented in'}, however,
the proposed CARA method outperforms both method
presented in®!! Thanks to the CARA method.

Figure 8 shows a graphical comparison between the
CARA method and the previous work in both*!’.

50

B0

70 +
60
50 M Proposed CARA
40 4 B 'Waork in [11]
a0 4 W Work in [9]
20 +

10

o -

1 2 3 4 5 6

Figure 8. Comparison of accuracy between Proposed
CARA both previous work®L,

5.3 Comparison of CARA and the previous
work method CROI~

Although the accuracy of the algorithm presented in
our previous work in’ is almost the same as CARA,
however, the computation time of the proposed CARA
algorithm is interesting. The proposed algorithm reduces
the computation time compared to our previous method,
CROI, presented in'”. The equation used for CROI
computation!” is shown by Equation (4) as:

CRol =< Ra 4100 (4)
Ca

When comparing both Equations (2) and (4), it is
noted that, Equation (4) used multiplication of a factor 100
for obtaining percentage. In fact, this multiplication does
not affect the accuracy, it is just a scaling factor. However,
the multiplication process is a time consuming process.
So, we neglect this scaling term in the computation of
the proposed Equation (2) of CARA. This is proved
using the conducted experimental results shown in
Table 3.In Table 3, fiveimagesare used for experimentation.
The execution time, of both algorithms, is computed.
The time difference is also calculated and tabulated in
Table 3.
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Table 3. Comparison of algorithm time computation
of both CRoI and CARA

Tested Image | CRol Time | CARA Time | Time Difference
image 1 0.000061 0.00006 1E-06
image 2 0.000062 0.00006 0.000002
image 3 0.000062 0.000059 3E-06
image 4 0.000062 0.00006 0.000002
image 5 0.000062 0.000061 0.000001

From Table 3, it is noted that, in all cases, the proposed
CARA method has lower execution time compared to
CROIL. The time difference is also illustrated in Figure 9.

0.0000625

0.000062
0.0000615

0.000061 -

0.0000605 -

0.00006 - M CRol Time

0.0000595 B CARATime
0.000058
0.0000585 -

0.000058 -

0.0000575 -
imagel image2 image3 imaged image’s

Figure 9. The execution Time difference between CARA
and previous workZ.

6. Conclusion

This study presents an automated technique for breast
cancer for early detection. The proposed method, is called
CARA, achieves an accuracy rate of 76.9% on the average.
When compared to two methods from the literature, the
proposed method outperforms other previous work by
more than 20% on the average. Moreover, in all trials, the
proposed method outperforms other previous methods.
Additionally, the proposed CARA method outperforms
previous work with respect to the execution time of the
algorithm.
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