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Breast cancer is the most common cancer among women, particularly
among women over 50 years old. Recent studies have proven that if
breast cancer is diagnosed in the early stages of the formation of
cancerous tissues, the chance of survival increases significantly and
the costs of controlling the disease are greatly reduced. Therefore, the
main solution is early detection of breast cancer. Until now, various
research has been presented to diagnose breast cancer, but due to the
selection of ineffective features and also the lack of using a suitable
analytical method on the features, they could not achieve sulfficient
accuracy. In this study, LSD analysis and extraction of effective features
by KNN classifier are used for automatic detection of breast cancer.
The purpose of presenting the proposed method is to increase the
accuracy of diagnosis for normal and non-normal classes. The
proposed method was implemented in MATLAB environment and on
the MIAS mammography image bank. The results obtained from the
implementation output demonstrated the detection of breast cancer
with 92% accuracy. The obtained results were compared with other
methods, which shows the better performance of the proposed
method in terms of accuracy criteria.
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EXTENDED ABSTRACT

Introduction

Breast cancer is a type of disease that causes the cells of a part of the body to produce
abnormally and excessively. Generally, the produced cells gather together and form a mass
or tumour. Cancers can be of two types, benign or malignant, in which the cancer cells are
fixed in the benign type, but in the malignant type, these cells are transferred to other parts
of the body and enable the growth of cancer cells again. Breast cancer is one of the most
common types of cancer that is seen mostly in women. To determine the level of risk of a
cancerous mass using criteria such as the size of the mass and the extent of its spread and
penetration in nearby organs, they determine the stage of progress of a mass. The direct
relationship between the risk and the progress of a mass increases the importance of early
diagnosis of the presence of a mass or the possibility of a mass occurring. In recent years,
much research has been conducted on breast cancer detection in mammography images.
Traditional artificial intelligence methods and statistical pattern recognition methods are
notvalid today, and the use of wavelet transformations can be more effective for recognition.
These transformations are incompatible techniques for multiscale object representation. In
addition, these techniques are popular in similar fields such as image processing, and their
application in the field of breast cancer diagnosis is exemplary. According to the stated
content, breast cancer is one of the most common cancers in women, and its timely
diagnosis plays an important role in the continuation of life and its treatment; but even the
most common diagnostic techniques such as mammography cannot detect 100%, so it is
necessary to investigate more optimal diagnostic techniques. For this purpose, in this study,
a method for early detection of breast cancer based on Gabor wavelet and LSD (least
significant difference) analysis was presented, with the main objective of detecting breast
cancer tumours in mammogram images with high accuracy.

Methodology

Breast cancer is one of the most common causes of death among women. As early
detection of breast cancer increases the probability of survival, it is very important to
develop a system with high accuracy output to detect suspicious masses in mammography
images. Different methods have been suggested for breast cancer diagnosis for
mammography images, but none of these methods have been able to accurately
distinguish between the two classes of normal/abnormal and benign/malignant. In this
study, an automatic method for detecting benign and malignant masses was developed,
which can perform classification and estimation for normal/abnormal and
benign/malignant classes with high accuracy compared to other methods. In this section,
a method for early detection of breast cancer based on Gabor wavelet and LSD analysis on
mammography images is studied. In the proposed method, first, the information
(mammography images) is loaded from the database, and then the area of interest is
extracted by selecting an image from the database. Applying the Gabor wavelet
transformation on the interested area of the image, the features are extracted by
considering the coefficients resulting from the transformation. The obtained features are
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entered in the features table and then by using LSD analysis on the features table, the
effective features are selected, and finally, by applying the KNN classifier; as shown in part
(c) of Figure 1, the accuracy of the normal class classification/ abnormal is determined.
330 mammography images were considered in the proposed method.
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(a) 1-nearest neighbor (b) 2-nearest neighbor  (c) 3-nearest neighbor

Figure 1. KNN Classifier.

In the database of images, in addition to mammography images, there was information
for each image that indicated whether there was a complication or mass in the image in
question. Therefore, based on the available information, if the input image was normal, a
piece of 100 x 100 pixels was extracted from the middle of the image, and if the image was
abnormal, a segment of 100 x 100 pixels was extracted (extraction of the area of interest).
Therefore, for each image (normal and non-normal), a piece of 100 x 100 pixels was
extracted from the database. Thus, all 330 mammography images became images with
dimensions of 100 x 100 pixels.

Results and discussion

The proposed method was implemented with the help of MATLAB software version
2019. In the obtained results, the detection accuracy in the breast cancer training dataset
was 92% for the normal/abnormal class and 81% for the benign/malignant class, which
indicates the high efficiency of the proposed method. Compared to other breast cancer
detection methods, there is a significant improvement in the three parameters of accuracy,
sensitivity, and specificity. To implement the proposed method, the set of mammography
images from the MIAS dataset was used. To evaluate the presented method, the desired
method was implemented many times to determine the accuracy level in the detection of
samples at each stage. Figure 2 shows some examples of Regions of Interest (Rol) from the
MIAS dataset used in the implementation.

Figure 2. An example of Rol from the MIAS dataset.

These areas of interest belong to different types and severity of pathologies. As stated in
the proposed method, the dimensions of these samples were 100x100 pixels, which were
extracted from mammography images in the database, and by extracting these pieces, the
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proposed method was performed by applying LSD analysis and KNN classification. Table 1
shows the comparison of the values of evaluation criteria for N/A and N/B classes in a
diagram. According to the stated content, it can be concluded that the proposed method can
meet the objectives of increasing the accuracy of classification and diagnosis for
normal/abnormal and benign/malignant classes. According to the obtained results, it can
be seen that the proposed method for classifying the normal/abnormal class performed
better than the benign/malignant class. The accuracy criterion for the normal/abnormal
class was 92%, and this value for the benign/malignant class was 81%.

Table 1. Comparison of evaluation criteria values for N/A and B/M classes by the proposed method.

Output Class
Evaluation criteria NG B
Accuracy 92 % 81 %
Specificity 99 % 67 %
Recall 93 % 82 %
Precision 77 % 84 %
F1-Score 84 % 64 %
PPV 98 % 91 %

Conclusion

In this research, considering the necessity of early and timely diagnosis of this disease, a
new method based on LSD analysis and KNN classification on mammography was
presented. The proposed method was implemented using MATLAB software and the results
showed that the proposed method was very effective in reducing human errors in detecting
normal and abnormal masses in images with an accuracy of 92%. Many images received
from the MIAS mammography database were analyzed by the presented model, the results
of which are very acceptable, and in terms of various criteria, they are higher than the
models presented in the authoritative papers.
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