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Abstract

Breast cancer is a commonly seen illness in women and is the primary reason for cancer-
related deaths among women. The early detection of cancerous tissue will aid in
recovery and treatment of it and can save more lives. The detection of breast cancer is
challenging using mammography, as dense tissues can overlap in screening. In some cases,
ultrasound and MRI have also been used for breast cancer screening. Many techniques
have been used for the detection of anomalies in the breast. For breast cancer detection
at the initial stage, many

research works have been done. Machine learning is frequently used for detection. Currently,
Deep learning, a modern method, is utilized for the categorization of cancer. Deep learning
represents a more sophisticated type of machine learning. Convolutional neural networks and
Recurrent neural networks are types of deep learning algorithms employed for image
classification purposes. In this research, we have introduced an improved dual modality
method for better image segmentation, which is essential for image classification, with
algorithm for detecting early-stage breast cancer. The result of accurate segmentation using

dual modality provides surety in the detection of the cancerous tissue is present or not.
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1. Introduction

Breast malignant growth is the normal obtrusive disease in women and is the main source
of disease passing in women in the current year. Out of a wide range of malignant growths,
breast cancer disease has turned into a significant health concern. Cancer forms when abnormal
cells in the breast grow uncontrollably, affecting and turning normal cells into malignant ones.
Breast cancer cells form a tumor or lump. However, most breast lumps are benign and not
malignant (cancer). Benign tumors are a kind of growth that does not extend to other cells in
the body. Breast cancer starts in the ducts or glands, depending on the specific type of cancer

cells.

* No. of woman diagnosed

* No. of deaths

Fig. 1. Ratio of breast cancer diagnosis and cancer death in women in year 2020
According to WHO's report, over 5 million cases and 2.3 million women were identified
with chronic cancer, with a global death toll of 685,000 in 2020 as indicated in Figure 1.
According to the latest findings from the National Cancer Registry Programme (NCRP), the
projected number of breast cancer cases in India is expected to increase from 13.9 lakh in 2020
to 15.7 lakh by 2025, reflecting a roughly 20% rise in cases as illustrated in Figure 2. Numerous
diagnostic methods such as ultrasound, mammogram, MRI, histopathology, and biopsy can be

utilized to detect and classify breast cancer. Mammography and ultrasound image processing
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are crucial for precise diagnosis and staging of breast cancer by detecting cancer in its early
stages. Various types of imaging techniques, such as ultrasound, mammography (x-rays),
magnetic resonance imaging (MRI), computed tomography (CT-scan), are available for breast

cancer screening.
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Fig. 2. Breast tumor cases prediction in India

The authors have proposed a method of using two methods of imaging for better segmentation
to detect breast cancer in its early stages. Till now it has been proved that mammography and
ultrasound both can be used for recognition of breast cancer. If mammography is used then
there are chances of tissues getting overlapped and it will lead to misjudgement. The ultrasound
will provide better results but has poor resolution and low contrast image. The combination of
both mammography and sonography will give better and accurate results than individual one.
Digital Image processing plays a vital role and a mammoth advancement for the application in
the field of medical science. Image processing contributed towards improving the diagnostic
and clinical outcome. For accurate diagnosis and staging of breast cancer, mammography and
ultrasound image processing helping to ddetect cancer at an early stage of its growth. The main

objective of this research is to identify early-stage breast cancer through the use of
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mammography and ultrasound imaging methods shown in Figure 3. It will provide better and

accurate results, which will help to get proper treatment to stop spreading of cancerous tissue.

Breast cancer detection

Fig. 3. Proposed idea of using both imaging modalities for breast cancer diagnosis

2. Literature Review

This section will address a few other research works on assessment and implementation of
mammogram and ultrasound image segmentation for breast cancer detection. Epimack
Michael et al 2021 [1] states that segmentation of breast tumor Image analysis plays a crucial
role. He explained the importance of segmentation in measuring the amount of tissue in three
distinct categories. Traditional segmentation techniques, segmentation through machine
learning, as well as unsupervised and supervised deep learning segmentation methods are
considered. The U-Net model, which is commonly utilized in deep learning, is popular due to
its lack of necessity for pre-processing or post-processing. Pavithra S. and colleagues in 2020
[2] suggested a CAD framework. The CAD model was developed using SRAD pre-processing
to improve ultrasound image quality and reduce speckle noise, as well as to identify suspicious
areas through segmentation. During the study, 160 ultrasound images were examined because
it was believed that ultrasound could accurately identify abnormalities in dense breast tissue.
Using Gray Level Co-occurrence Matrix (GLCM) for feature extraction, along with three

distinct classifiers, is employed to classify breast ultrasound images. Khusnul Ain et al
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proposed the use of Trans-admittance mammography (TAM) for detection of breast cancer [3].
The detection is based on impedance, but the output is not precise by only TAM. So the fusion
of TAM and ultrasound method is proposed, as ultrasound can produce abnormality depth and
volume. TAM results provide transverse position accurately but depth having low accuracy.
The combination of TAM and ultrasound provide depth, volume and abnormality ratio more
accurately. Wei-Hsin Yuan et al 2020 [4] have reviewed the work of using Ultrasonography
along with Mammography. The authors have stated that ultrasonography + mammography
gives 96% sensitivity compared to mammography alone (only 74%). The use of both
ultrasound and mammography screenings together improves sensitivity in accurately detecting
breast cancer. Nonetheless, ultrasound has lower diagnostic specificity for breast cancer when
compared to mammography. Utilizing ultrasound for screening reduces the amount of incorrect
negative biopsies and is also economically efficient. Kushangi Atrey and colleagues (2020) [5]
utilized both mammogram and ultrasound images for the detection of breast cancer. The images
are manually used to capture the abnormal region of interest. The FCM and K-means
algorithms are used in clustering, and DPSO methods are performed on these images for
segmentation process. In the post processing stage the noise has been removed from the images.
From the results, it has been indicated that the FCM method gives better results compared to
other methods as it has great detecting capability and less false positive rate, while, DPSO and
K-means has low performance. Eduardo Reyes et al 2020 [6] has studied the ddiagnosing breast
cancer in pregnant women is extremely challenging to evaluate as the pregnancy-related
hormones were modified due to pregnancy. The sensitivity is measured for both using
ultrasound and mammography. The ultrasound technique provides very high sensitivity
compare to mammography. The detection rate of mammography in patients with diagnosed
BCP was 56.5% for other group it is 61%, while, the ultrasound provides 95.7% sensitivity of

BCP patients and 98% sensitivity for the patients who are not pregnant. Rupali Sood et al 2019
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[7] have used ultrasound to detect breast cancer at an early stage is proposed. Total 26 cases
diagnosed and the sensitivity of 80.1% and specificity of 88.4% obtained using ultrasound
imaging diagnostic technique. Based on my review it is found that the following are the key

areas which required the concentration.

(1) Use of mammography & ultrasound imaging modality for cancer detection.

(2) Reduce the false positive and false negative result in breast cancer detection.

(3) Use of ML and DL methods to increase the classification result accuracy.

3. Methodology

Using the segmentation method as shown in Figure 4, the proposed work applies accurate
classification of breast cancer using imaging techniques. Both mammogram and ultrasound

images are taken as an input to the system.

ImageData || Pre-processing | Image
sets stage segmentation

Fig. 4. Proposed methodology

3.1. Image Datasets

The data has collected for the breast cancer diagnosis will be mammogram and breast
ultrasound images. They will contain all type of images, normal cases, benign cases and
malignant cases. The image dataset of mammography images is Mammographic Image
Analysis Society (MIAS) dataset. The total numbers of images are 322, in which 189 images
are of normal class and 133 images are abnormal. The ultrasound dataset “Breast Ultrasound
Dataset BUSI”, which includes 133 images are of normal class and 647 images are abnormal

class.



Improving Accuracy in Early Stage Breast Cancer Detection 23

3.2 Pre-processing Stage

In the pre-processing stage, we talk about the filtration process and contrast enhancement of
input images. In the filtering process, the salt and pepper noise in mammograms removed using
an adaptive median filter. The adaptive median filter used over the normal median filter as it
provides a noise-free image and a good quality image as shown in Figure 5. The size of kernel

of AMF can varied so the output result is better.

Fig. 5. Result of adaptive median filter on mammogram image.

As ultrasound images contain kind of speckle noise, it is necessary to remove it for better
analysis. which affects pixels of a image in shades of grey. In Figure 6, the wiener filter was
employed for eliminating speckle noise.
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Fig. 6. Result of wiener filter on ultrasound image
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Table I and Table II display the Signal to Noise Ratio (SNR) and Peak Signal to Noise Ratio
(PSNR) comparisons for Normal, Malignant and Benign class of images with different noise

levels respectively.

Table 1: Comparison of SNR

Class Signal to noise ratio (SNR)
Normal 1% 2% 5% 10%
Imagel 15.001 12.008 8.145 5.065

Image2 16.126 13.166 9.183 6.121

Image3 14.248 11.339 7.306 4.306

Malignant 1% 2% 5% 10%

Imagel 15.963 12.930 8.995 6.020

Image2 14.179 11.175 7.227 4.225

Image3 12.167 9.1903 6.831 2.178

Benign 1% 2% 5% 10%

Imagel 12.747 9.6944 5.712 2.737

Image2 14.459 11.554 7.501 4.472

Image3 15.612 12.559 8.541 5.539

Table 2: Comparison of PSNR

Class Peak signal to noise ratio (PSNR)
Normal 1% 2% 5% 10%
Imagel 23.538 20.545 16.682 | 13.601
Image2 24.169 21.209 | 17.226 | 14.164
Image3 23.721 20.811 16.778 | 13.778
Malignant | 1% 2% 5% 10%
Imagel 23.843 20.811 16.876 | 13.900
Image2 23.994 20.990 | 17.042 | 14.040
Image3 23.416 20.439 | 16.641 13.427
Benign 1% 2% 5% 10%
Imagel 23.589 20.536 | 16.553 13.579
Image?2 23.688 20.783 16.730 | 13.701
Image3 24.186 21.134 | 17.116 | 14.114
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3.3. Image segmentation

Image segmentation plays a crucial role in the field of image processing. Image segmentation
is the process of dividing the image into segments. Identifying the suspicious region can aid in
improving the diagnosis of breast cancer. Different methods of segmentation, such as
threshold-based, region-based, edge-based, fuzzy theory-based segmentation and artificial
neural network based image segmentation described in Table III. K-means clustering method,
partitioning clustering and density clustering method are different clustering algorithms, which

can used as segmentation techniques to do the partition of an image.

Table 3: Segmentation methods
Techniques Merits Demerits
Threshold-based Simple, easy and | Not suitable for
segmentation inexpensive multichannel
methods images and
sensitive to noise.
Region based | Easy, having | Time consuming
segmentation multiple criterion | and cannot
method and contain less | distinguish  the
noise in results shading of the real
Edge based | Canbe used onthe | Not applicable for
segmentation images having | smooth edges
methods noticeable edges image and reduce
the contrast of the
image.
Fuzzy theory | Can be used to | Cannot used
based image | analyze images | directly on gray
segmentation and remove noise | scale images.
Artificial neural | Requires less data | Number of pixels
network based | and easy | should give.
image implementation
segmentation
K-means Easy, fast and if | Requires the
clustering method | data is | number of clusters
recognizable, in advance.
provides  better
result.

The segmentation method is employed to identify and separate the region of interest (ROI) and

its boundaries within the images. Through this process, each pixel in the image will have its
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assigned value. In breast cancer detection, it segments the tumor part from an image and makes
easy to understand the image. The segmentation is not performed directly on any raw image,
as the images can contain some kind of noise as well as they has low contrast. Hence, the noise
is removed using filter. Here, we have used threshold based segmentation technique. The
threshold-based segmentation is a form of global thresholding. In global thresholding, single
threshold value is used for the entire image. There are different global thresholding methods,
such as histogram analysis, Otsu thresholding, clustering, iterative thresholding and multi-
thresholding. Here we have used the global thresholding technique based on histogram

analysis.

D. Threshold based segmentation & Algorithm

Segmentation of images using threshold-based techniques is a fundamental and traditional
method. In threshold-based segmentation, the image segmented by selecting a proper threshold
value. To select the threshold value, we can use histogram, as histogram gives a graphical
representation of different data points in an image. The segmentation helps to detect affected
area easily. The benign tumor and malignant tumor can differentiate easily by utilizing
segmentation techniques. Threshold-based segmentation has limitations including its inability
to be applied to multichannel images and its sensitivity to noise in the images. The success of
histogram based techniques relies on accurately estimating the threshold value that divides the
foreground and background regions of an image into two homogeneous parts. The (HDT) is
appropriate for images with large homogeneous areas and will differentiate regions where both
the objects and background are homogeneous except for the area between them [20]. Pectoral
muscles can impact image segmentation; therefore, both artifacts and pectoral muscles must be
eliminated prior to segmentation, as their presence can misguide the classification algorithms.

In figure, it can be seen that the black background and pectoral muscle is removed before



Improving Accuracy in Early Stage Breast Cancer Detection 27

performing the segmentation. The result of proposed segmentation methods for mammogram

and ultrasound image for the malignant tumour are shown in Figure 7 and Figure 8 respectively.

Fig. 7. Image segmentation of mammogram containing malignant tumor.

Fig. 8. Image segmentation of ultrasound containing malignant tumor.

[ Mammogram image ] Uttrazound image ]

Noise removal Noise removal
filtering filtering

I |

[ Convert the gray scale image into binary image ]

|

[ Generate mask using threshold based segmentation ]

Fig. 9. Algorithm used for Early stage breast cancer image segmentation.
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4. Result and Discussion

Accurate image segmentation of mammogram and ultrasound image for the prompt
identification of breast cancer will decrease the number of deaths and can save more lives. The
ultrasound images are filtered using wiener filter and median filter is employed for noise
removal from mammograms. The image segmentation, which segments the image and provides
the particular affected area in the breast image. The study aims to utilize two imaging methods,
mammography and ultrasound for diagnosis of breast cancer at initial stage. After the accurate
segmentation at this stage we are proposing to use machine-learning techniques as the timely
identification and diagnosis of breast cancer will assist in treatment and recovery and decrease
the chances of critical situations. The result provides surety of the cancerous tissue is present
or not, by using two imaging modalities.

5. Conclusion and Future Work

The early detection of breast cancer will decrease the number of deaths and can save more
lives. The purpose of the study is to use two imaging modalities, mammography and ultrasound
for diagnosis of breast cancer at initial stage. It used for the detection of tumor as well as for
the classification of breast cancer images. After the accurate image segmentation, the future
work involves the feature extraction and these features will be used to train the network.
Artificial neural network works as a classifier to categorize the normal, malignant and benign

images in early stage of breast cancer
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