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Abstract

Breast cancer is one of the most important causes of death among women. Breast cancer can be treated
effectively only if it is detected at the early stages. Thermography plays a vital role in early detection of breast cancer.
The principal aim of early detection of breast cancer is to identify the disease at a more curable stage and thus
improve the prognosis and other vital clinical outcomes. In this work, we propose a classification scheme to classify
the breast tissues as normal, benign or malignant and thermograms were taken from women of various age groups
and various breast diseases. The proposed system consists of three stages. In the first stage pre-processing and
segmentation of region of interest is performed. In the second stage, feature extraction matrix is generated using
GLCM and all the detailed coefficients from 2D-DWT of a thermogram. The final stage is to classify the breast tissues
with the help of Support Vector Machine (SVM), K-Nearest Neighbor (KNN). The proposed approach is applied to set
of 35 images of various patients (normal, benign, malignant) and classification accuracy of 95.71%, sensitivity of
100%, specificity of 88.5%, Positive Prediction Value (PPV) of 93.62% and Negative Prediction Value (NPV) of 100%
is achieved.

1. Introduction

Thermography dates back to the 1800s; the first 'heat picture" was produced in 1840 by Sir John Herschel.
In the early 1900s, infrared research was classified by the military and unavailable for medical application. It was not
until 1956 that technical information on thermography was declassified, and in 1961 the first images were used in
medical research to confirm that skin temperatures were elevated on the surface of the breast over a cancer
Thermography is a non-invasive and non-radiating analysis tool for analyzing physiological functions related to the
control of skin-temperature. This rapidly developing technology is used to detect and locate thermal abnormalities
characterized by an increase or decrease found at the skin surface. The technique involves the detection of infrared
radiation that can be directly correlated with the temperature distribution of a defined body region. It is an imaging
method which can diagnose cancer and other pathologies by analysis of tissue surface temperature as was obtained
by an IR camera. Most of the researches and the clinical applications of thermography are associated with early
detection of breast cancer.
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This use was first suggested as early as 1956 and is based on the fact that malignant tumors produce a local
increase at the skin surface as a result of an increased angiogenesis, increased perfusion and increased metabolism
in and around an embedded malignant tumor. Accordingly, thermography is considered today as a complimentary
screening tool rather than a first line screening modality. According to the American Cancer Society, “Thermography
has been around for many years, and some scientists are still trying to improve the technology to use it in breast
imaging. But no study has ever shown that it is an effective screening tool for finding breast cancer early. In addition
to breast cancer diagnosis, thermography was also suggested as a diagnostic tool for various other disorders,
including: colon cancer, occlusive vascular disorders, neural disorders and ophthalmology.

2. Theory

Breast cancer is the most commonly diagnosed cancer in female subjects accounting for about 30%
cancers. The average age for death due to breast cancer was 68 years. Approximately 0.0%, 0.9%, 6.0%, 15.0%,
20.8%, 19.7%, 22.6% and 15.1% deaths occurred between the age groups of under 20, 20-34, 35-44, 45-54, 55—
64, 65—74, 75-84 and above 85 years respectively. It has been reported that 0% diagnosis was possible under age of
20 years, whereas 1.9%, 10.2%, 22.6%, 24.4%, 19.7%, 15.5% and 5.6% diagnosis were possible within the age
groups of20-34, 34-44, 45-54, 55-64, 65-74, 75-84 and above 85 years respectively. Studies show that, early
detection can lead to 85% survival chance compared to 10% for late detection. Therefore, early detection is the key
factor for successful breast cancer treatments. Food and Drug Administration (FDA) approved thermography as an
adjunctive tool for diagnosis of breast cancer. Thermography provides additional functional information on the thermal
and vascular condition of the tissues. It is non-invasive breast tumors detection modality in which abnormal breast
thermogram indicates significant biological risk. Tumors generally have an increased blood supply and an increased
metabolic rate which leads to localized high temperature spots over such areas, rendering them to be visualized by
thermography. Apart from passive breast imaging, cold stimulation based imaging procedures are also in practice.
Blood vessels, produced by cancerous tumors are simple endothelial tubes devoid of a muscular layer. Such blood
vessels fail to constrict in response to sympathetic stimulus like a sudden cold stress and show a hyperthermic
pattern due to vasodilatation. Deng and Liu showed that, induced evaporation enhances thermographic contrast in
case of tumors underneath the skin. They used water and 75% medical ethanol solution as evaporant, which was
sprayed over the skin surface and then images were acquired. Their study shows an improved diagnostic accuracy
especially in the early stages of deeply embedded tumors. It has been confirmed that abnormal patterns in the
infrared images are the highest risk indicators of breast cancer development in future. Gamagami studied
angiogenesis by thermography and reported that in 15% cases thermography could detect cancers which were not
discernible by mammography. He had also shown that, hypervascularity and hyperthermia were visible in 86% cases
of non-palpable breast cancers. The growth rate related prognostic indicators are strongly associated with the
thermograms. Thermovascular activities in breast are directly related to prognosis and aggressiveness of the tumor. It
has been reported that, hot cancers (most active cancer cells) show a poorer prognosis with 24% survival rate in 3
years, whereas for cooler cancers prognosis is much better with 80% survival rate. Apart from Thermography many
other techniques are available for breast imaging, like mammography, MRI, CT, ultrasound, etc. Mammography is the
most popular technique, but suffers from a few inherent problems, like exposure to X-ray radiation, relatively higher
cost, problem in detecting tumors of smaller sizes and low sensitivity for firm breasts of younger women.

Thermography does not suffer from such problems and hence, it is a novel tool for investigation of breast cancer.
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Thermography is an effective alternative diagnosis tool, especially in female subjects with dense breast parenchyma.
The IR images of the tumor and the surrounding normal cortex regions show that, the former is at a higher
temperature compared to the later.

3. Materials and Methods

3.1 Thermal camera

The thermal camera that was used to capture the human breast was the FLIR ThermoCam™ T400 (figure 1).
The camera detector array is a focal plane array (FPA) uncooled micro bolometer at the size of 320x240 pixels. The
camera is working at the spectral range of 7.5 to 13um. The camera is capable of measuring temperature between
-20°C and +120°C with thermal sensitivity of 50mK, thermal accuracy of +2% and frame rate of 60 frames per
second.

Figure 1. Thermal camera

3.2 Proposed Method
In this research, we used five techniques, which come under the task of image processing which are as
follows
1. Image Acquisition.
2. Image segmentation.
3. Image Pre-Processing.
4. Feature Extraction.
5. Image Classification.

3.2.1 Image Acquisition

Image Acquisition is the process of retrieving an image from sources such as camera, computers etc. In
case of medical image processing the source of image is from digital computer for Mammography and thermography.
This is the first step in image processing. The camera that was used to capture the human breast was the FLIR
ThermoCam'™ T400.Breast thermograms of a 24 normal, 23 benign and 23 malignant patients are taken for the
analysis.
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3.2.2 Image segmentation.

Image segmentation is the processes of sub dividing an image into its constituent region. There are several
methods to perform image segmentation. Edge method is based on detection of edges in order to identify the
boundary between regions. Some of the edge detection operators are sobel, prewit and canny. Region method is
based on assigning a pixel to a given region based on their degree of mutual similarity. Some of the region based
methods are Region splitting, region merging, and region growing. In this work Image segmentation is done by
selecting the region of interest (left and right breast) from the thermograms.
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Figure 2: Block Diagram of Proposed Method

3.2.3 Image Pre-Processing

Preprocessing deals with the non-uniformity of IR images. Another source of non-uniformity is fluctuating
lighting conditions such as incandescent bulb or direct sun light. Therefore, it may be required to resize the images
using techniques, such as template and interpolation methods. Another source of non-uniformity is fluctuating lighting
conditions. The adaptive histogram equalization method can eliminate the discontinuous background, which may
result from discontinuous lighting or other inconsistencies that originate from the IR image capturing techniques. It
maps the input to the output image pixel intensity values such that the output image exhibits uniformly distributed
intensities. This increases the dynamic range of the image histogram. First step in Pre-processing in this work is to
convert the RGB image to Gray image. Since, gray image provides more detailed information about the features than
the RGB image this process is done. Next step in pre-processing is to apply adaptive histogram equalization to the
resultant image obtained from first step. Adaptive Histogram equalization is a technique for improving the contrast in
the image. It computes several histogram, each corresponding to a distinct region of an image and uses them to
redistribute the intensity values of the image. AHE improves the contrast in the image by transforming each pixel
value with a transformation function derived from the neighborhood pixel. It is an excellent contrast enhancement

technique for both natural images and medical images
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3.3.4 Feature Extraction

In the field of Image processing and pattern recognition, the feature extraction is a technique used for
collecting various features from image and dimensionality reduction. Here, we use two different feature extraction
methods to extract the various features from each segmented thermal images.

1. Feature Extraction based on intensity-Wavelet transform
2. Feature extraction based on texture-Gray-Level Co-occurrence Matrix

The wavelet based features such as Kurtosis and Skewness are calculated in this work.

1. Kurtosis - It is a measure of how the image corresponding to either cancerous or noncancerous class, is peaked
or flat relative to the probability distribution. The image with high kurtosis tends to have different peak near mean
value and decline rapidly. Similarly the image having low kurtosis tends to have flat top near mean rather than sharp
peak. The kurtosis of a distribution can be calculated as:
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Where p is the mean and o is the standard deviation of the image with gray vector varies from 1 to L

2. Skewness - It is a measure of the asymmetry of the pixel value of image around the sample mean. If Skewness is
negative, the pixels in the image are spread out more to the left of the mean than to the right. Similarly, if Skewness is
positive, the pixels in the image are spread out more to the right. The Skewness of the normal distribution (or any
perfectly symmetric distribution) is zero. The Skewness is defined mathematically as:
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Where p is the mean and o is the standard deviation of the image with gray vector varies from 1 to L

GLCM based texture features such as Contrast, Correlation and Inverse difference moment are calculated in this

work.

3. Contrast- It is the measure of local intensity variation and how the grey levels vary in the image and to what extent

their distribution is biased to black or white.

Contrast =253 n” {Z&, 28, P(L N} li—jl =n @)
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4. Inverse Difference Moment: It is influenced by the homogeneity of the image. Because of the weighting factor
11+ (i-)® IDM will get small contributions from in homogeneous areas. The result is a low IDM value for
inhomogeneous images, and a relatively higher value for homogeneous images.

IDM = E?:i Z]G: 1 m P'[l, l} (4)

5. Correlation-It is a measure of gray level linear dependence between the pixels at the specified positions relative to
each other.
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3.3.5 Classification - Machine learning

Machine learning is a multidisciplinary field of study that mainly concerned with the design of algorithms
which allow computers to learn. The term “Machine Learning” comes from the artificial intelligence community but
now a day it mainly the focusing area for many branches of engineering and science. Learning mainly refers to
learning from data or feature set. There are different learning methods for statistical data analysis. In this study,
thermograms are first classified as Normal and Abnormal and further classifying abnormal as benign or malignant. K-
NN and SVM are used to classify the images

4. Results and Discussion

In this work, the camera that was used to capture the human breast was the FLIR ThermoCam™
T400.Breast thermograms of a 24 normal, 23 benign and 23 malignant patients are taken for the analysis and few
images are shown below.

Input Thermal image Input Thermal image Input Thermal image

Figure 3: Input Thermal Images: From Top Left IR-1221, IR-0214,IR-2116
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The thermal breast images are segmented by cropping the region of interest from the input thermal image. The
segmented left and right breast images are then processed for detecting whether the breast is affected by cancer or
not.

nght breast lef breast fght breast o breast right breast Jek breast

PNARK

Figure 4: Segmented Right and Left Breast for the input images
Next step involved in proposed method is to convert the thermal image (RGB image) into gray scale image. This is
process is done because Gray scale image has the ability of providing more detailed information about the features

present in an image than the RGB image.

right breast-grayscale image loh breast-grayscale image fight breastgrayscal image e breastrayscale image 1ght breastrayscale image lehbreastgrayscale image

Figure 5: Gray-Scale Image of Right and Left Breast

Next step in pre-processing is to apply adaptive histogram equalization to the resultant image obtained from first step.
Adaptive Histogram equalization is a technique for improving the contrast in the image.

right breast-Adaptve hist eq left breast-Adaptive hist eq
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Figure 6: Image of Right ond Left Breast After Applying Adaptive Histogram Equalization
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4.1 Classification Parameters and Results
In this work, normal and abnormal images are classified with the help of five features (2 from 2D-DWT and 3
from GLCM).There are Kurtosis, Skewness, Contrast, Inverse difference moment, Correlation

normal breast begnin

malignant

Figure 7: Classification Results Corresponding to the Input Images

Table 1: Confusion Matrix for K-NN and SVM Classifiers

TRUE
. Cancerous Noncancerous
Predicted
Cancerous 44(TP) 0 (FN)
Noncancerous 3(FP) 23(TN)

Table 2: Comparisons of Performance Measures

Authors Classifier used Accuracy Sensitivity Specificity
Ng and Fok ANN 61.5% 68.9% 40%
Borchaett et al SVM 85.7% 95.8% 25%
Ng et al RBF networks 80.9% 81.2% 88.2%
Archarya et al SVM 88.1% 85.7% 90.4%
Ng and Kee ANN and 80.9% 81.2% 88.2%
RBF networks
Resmini SVM 82.14% 91.7% 25%
Our proposed K-NN and SVM 95.71% 100% 88.5%
method
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Figure 8: Comparisons of Performance Measures

5. Conclusion

Early screening plays a pivotal role in management of breast cancer. Any kind of abnormality or diseases
can be cured easily if it is detected earlier .Breast thermograms are processed to extract features based on intensity
and texture from both breasts to classify them as malignant, benign and normal classes. Medical Thermography has
shown promising results in this work with accuracy of 95.71%, sensitivity of 100%, specificity of 88.5%, positive
predictive value 93.62% and negative predictive value of 100%. Being a non-contact, pain free, radiation free
procedure it received a good patient response and high accept ability. From this study, it is concluded that Medical
Thermography is well suited as a screening tool and its use in combination with other laboratory and outcome
assessment tools, can lead to significant improvement in the management of breast cancer in India. This can be used
to improve the current scenario in India where because of late diagnosis considerable amount of patients suffering
from breast cancer suffer death. Moreover it can lead to easy and acceptable screening in rural areas also where
mammography and biopsy studies are still a distant dream. Breast cancer is a highly treatable disease, with 97%
chance of survival if discovered early. Hence by screening the human breast using thermography will increase the
survival rate of the patients affected by breast cancer in India.
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