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Abstract

Background: Breast cancer is one of the most common women cangethe
world. In this paper, a new method based on therapdty for the early detection
of breast abnormality is proposed.

Methods: The study involved 80 breast thermograms collectesm the
PROENG public database which consist of 50 heditleasts and 30 with some
findings. Image processing techniques such as sggtien, texture analysis and
mathematical morphology were used to train a suppector machine (SVM)
classifier for automatic detection of breast abradity

Results: After conducting several tests, we obtained vertergsting and
motivating results. Indeed, our classifier showeghtperformance results giving
an accuracy of 91.25%, a sensitivity and a spégifiof 93.3% and 90%,
respectively.

Conclusion: The final results let us conclude that infrareditin@graphy with the
help of an adequate automatic classification allgorican be a valuable and
reliable complementary tool for radiologists inalg#ing breast cancer and thereby
helping to reduce mortality rates.
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1. Introduction

Nowadays, breast cancer is the most common invasweer and the second
leading cause of cancer death for women worldwidee WHO (World Health
Organization) assess that more than one million nages are diagnosed each
year and over 600 000 deaths are related to braaser across the world [1].
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In Algeria, The Cancer Registry of Set if in colbaation with the IARC
(International Agency for Research on Cancer) Bigtast cancer as the highest
identified cancer cases in Algeria, with more tHa®DO new cases and 3000
deaths each year and its incidence continues tease by 7% a year, making it a
major public health problem [2].

The improvement of advanced screening tools foetrey breast cancer detection
becomes essential to reduce the mortality ratezidtre researchers showed that
there is an 85% chance of cure if the tumor isaetein a precocious stage and
only a 10% chance if detected later [3].Hences ia ivery useful task to provide
diagnostic tools with high accuracy to help radgiéts in reducing false positive
predictions.

Currently, there are several techniques to detattpaovide a diagnosis of breast
abnormalities, such as echography, tomosynthesaginktic Resonance Imaging
(MRI), mammography, Positron Emission TomographyETP and breast
thermography. Each of them has well known advamstaged disadvantages.
Mammography is the first line imaging technique lboeast cancer detection. It is
a radiological screening modality that uses an X{saam to detect anatomical
changes in breast tissues. However, recent resehesh suggested that
mammography cannot be considered an ideal took#&oly diagnosis [3]. For
example, the tumor must at least exceed a certagkness to be identified.
Indeed, in [4], the authors reported that the sizéhe tumor less than 1.66 cm
was very difficult to detect by mammography. On dtker hand, this technique
also exposes patients to X-rays that can damageetsnd cause mutations [3].
Due to the limitations of the current imaging teicques, researchers have given
special attention to thermography as a screenioyftw breast cancer over the
last two decades due to the fact that this proedunon-ionizing, non-invasive
and can detect breast abnormalities at an earbesthis technique has been
widely accepted as an auxiliary screening tool loeast cancer detection to
guantify risk and identify the population who whenefit from more detailed
oncological tests [5].

2. Previous related work

More than 2000 years ago, Hippocrates used thea flermo-biological
application for a pathological diagnosis. He applmeud all over a patient’s body
and then he noticed that the mud dried quickeomesplaces, which helped him
identify the unhealthy areas [6].Since then, mangiss have focused onthermo-
biology realizing that cancerous area in the mammargan produces a
significantly higher temperature than healthy btgaBhis is because these lesions
(or tumors) contain more veins and have a highetabodic rate than the
surrounding tissues [7]. In the research condubte@rofessor Gautherie, at the
laboratory of biomedical thermology at Louis Pastduaiversity [8], 784 subjects
with initially normal breasts (with no mammogramhiar echographics findings)
and anomalous thermograms were carefully attendeidgla period of twelve-
year. Subsequently, 238 patients developed calhmeg ¢he4 years that followed,
which represents 38% of the patients who wereailhytdiagnosed as abnormal by
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thermography and normal ImammographyTherefore, researchers stated tha
thermographyoulc predict the development of breast cancer quitecediey.
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Figure 1. Breast thermograr (a) Shows healthy breasts (b) Shows advancedcantier left
breast

More details on the thermogra; mechanism, the protocol acquisition, ¢
patient characteristic are found in [6][9][1

Although thermography is a promising screening foolbreasicancer, a robust
and efficient comput-aided diagnosis (CAD) system must be develope
overcome factors such as scarcity of qualified qqane and limitation of the
human visual system to differentiate the minimamperature difference
produced by ttrmographic imaging.Several researchers have worked
developing CAD systems for breast cancer detediased on advances in digi
image processing and data mir. Sheeja et al. suggest the use of curvelet b
feature extraction ilorder to classify breastéhmograms as normal or abnorn
the propose@pproac showed 90.91% accuradd].82% and 100%f sensitivity
and specificity,respectively [4].Rajendraet al. extracted texture features us
structural and statistical approach wi support vector machine (SVM) classif
to automaticallydetect signs of breast can; 50 thermographic images were u
(25 normal and 25 cancerot88.10% of sensitivity85.71% of specificity and
90.48% ofaccuracy were obtained [1Schaefer et al. performea fuzzy-logic
based classifier coupled with a variety of statedtifeaturesbased on the
asymmetry analysis the breast angroviding a classification accuracy
80%][12]. Pramanik et al. presented an automatic diagnoster® based on
discrete wavelet transform to detect y breast cancer in a thermogri the Otsu
threstold and morphological operati-based segmentation were applio define
the ROI; thenstatistica andtexture features were extracted and used to an
artificial neural netork classifier providing an accuracy 90.48%[13]JAcharya
et al. investigated thconversion othe 2D thermograms into a -dimensional
datausing a radon transfol; high order spectral featuresere extracte from the
transformed data in order analyze the asnmetry between the two brea the
methodology obtained 80% accuracy, 76% 84% sensitivity and specificit
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respectively using the SVM classifier. However[1d] artificial neural network
classifier gave better performance values with 98f6sensitivity, 88% of
specificity, and 90% of accuracy. Ming et al. [1&}éloped a CAD system based
on feature extraction and decision tree classifierthe automatic detection of
breast cancer. Tuan et al. investigated the ushgenaplementary learning fuzzy
neural networks for breast cancer classificatibe; duthors achieved an accuracy
of 86.6% [16]. Gerald. S presented an approachalyaing breast thermograms
that used features extraction and ant colony opétiin (ACO) based pattern
recognition for the classification of normal andnabmal breast thermogram;
experimental results gave an accuracy of 79.52% Kandlikar et al. reviewed
the advances over the last three decades in thefubermal imaging to detect
breast cancer [7].

3. The proposed work

In this study, we propose a new approach for a epenpaided diagnosis system
based on breast thermography to decrease the opdegiendence and to assist
radiologists in the precocious breast cancer detecfigure 2 illustrates the
process plan of the main operations involved inpitgposed technique.

Infrared image

v

Pre-processing

v

Segmentation

v

Features extraction

v

Classification
\ 4 o v
Normal | | Abnormal |

Breast | | Breast

Figure 2. Proposed block diagram

After the image acquisition, we converted the brédasrmograms from color to
gray scale image, then the regions of interest §lR@lere segmented, which
involve the separation areas of the image thatessmt the breast from the
background and isolate the left and right breabisn, a GLCM (Gray level co-
occurrence matrix) and morphological operationsemagsed on the segmented
image to extract statistical and textural featufésally, a supervised learning
technique, namely SVM (Support Vector Machine) vpasformed to classify
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breasts as normal or abnormal. The remainder panisopaper explains in more
details all the steps involved within the proposszhnique.

3.1 Data acquisition

In this study, a total of 80 frontal breast thermamgs 50 normal and 30 abnormal
were collected from an open source online datafiE®je Infrared thermograms
were acquired at the Fluminense Federal Unive(8lf§F) using a FLIR Therma
Cam SC620 infrared camera with a spectral bandwifth7.5-13um (30
frames/s), a thermal resolution of 40mK at 30°C amdimage resolution of
640x480 pixels. All the patients with abnormal Isteaere previously diagnosed
through biopsies and their thermography report wasfirmed by a skilled
specialist [18].

3.2 Preprocessing and segmentation

The first stage of the CAD system is preprocessligs includes image resizing
and converting the RGB color input image into isigngray scale in which white
pixels will represent the highest temperaturesladadk, the lowest ones. This step
of image processing is used to enhance the qudlitiie thermographic images
and make the classification and features extragi@ses more efficient.

In the segmentation stage, unnecessary detailgrtagtiead to wrong diagnosis
such as neck, inframammary folds and backgroune Heeen removed and the
region of interest has been separated into rigttleft breast. The classification
performance results depend greatly on the proplaredging of the two breasts.
For this purpose, segmentation was carried out aipnun this work with
medical expert’'s assistance to obtain the mosttedalneating of the right and
left breast due to absence of definite shape aat eldges of the breast in thermal
images [19]. Various segmentation algorithms haaenlproposed to delineate the
breast automatically or semi-automatically, buthwinoderate success rates
[20][21][22][23].Figure 3 shows the resulting righhd left breast thermogram
after preprocessing and segmentation phases.

Figure 3.(a)Resulting grayscalethermogram (b) cropped ihgbast (c) cropped left breast
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3.3Features extraction

This step of CAD system represents an importangenaocessing task by which
certain characteristics of interest in an image @averted from a graphical
representation (data in pixels) to a quantitatefgesentation (data in vector).

In this third phase of CAD system, features areaex¢d using texture analysis,
which represent the thermal variations of the lrpate effectively. Several
methods have been proposed to measure texturerfiespef an image [24], one
of these methods is the GLCM (Gray Level Co-ocowee Matrix)which
describes the texture of an image by calculating frequently combinations of
pixels with a definite value of gray intensity aimda specific dimension occur in
an image[24].In this work we computed and normaliz&l CM of the ROI, a
series of second order statistical texture paramgposed by Haralick [25]are
then extracted from this matrix. Besides, somet fnsd high order statistical
measures calculated from the original image value® added with the previous
features in order to improve the classificationuaiacy.

3.4Classification

Feature vectors extracted from segmented breashdiggams are used to form an
SVM classifier that proved good performance for #ngomatic detection of
cancerous breast. Several supervised learning aethave been reported in the
literature for breast cancer detection based ommbgraphy such as: Artificial
Neural Network [13], K-nearest neighbors [26], fuzagic-based classifier [12]
and Support Vector Machine (SVM) [11].The lattethe most powerful and it is
widely used in the classification of health dissasspecially in oncology, due to
its high accuracy and its ability to deal with hidimensional data.

4. Results and comments

We conducted several tests by applying the propossitiod on the large dataset
of 80 breast thermograms. In order to measure tathod’s performance, we
selected three metrics: the sensitivity, the spatyifand the accuracy.

Sensitivity is the possibility that a test usedansick patient will produce a
positive result.It is given by the equation (1).

o true positive
Sensitivity = — - 1)
true positive + false negative

Specificity is the possibility that a test usedairhealthy patient will produce a
negative result. The formula for finding specifjcis given in the equation (2).
true negative

Specificity = @)
pectficity true negative + false positive
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Accuracy is defined as the number of correct ptexhe from all predictions
made. It is given by the equation (3).

true positive + true negative ©)

Accuracy = — — - -
true positive + false positive + true negative + true negative

The obtained experimental results are summarizedable 1 where we can
clearly see the excellent classification perforneaotcthe proposed method.

Table 1 Classification performance

Performance SVM
measures Performance
Sensitivity 93.3%
Specificity 90 %
Accuracy 91.25%

We also present in Table 2 the confusion matrix, fémther inspection of the
testing approach.

Table 2Confusion matrix of Actual class
the classification results Abnormal Normal
Predicted Abnormal 28 True positive| 5 False positive
class . .
Normal 2False negative| 45True negative

All the tests were carried out on Intel core i7-8B(2.4GHz processor with 8GB
RAM, running under Windows 7 64-bits operating ewst The averaged
computation time for a 200x200 size image was atoQri4 seconds. The
algorithm and a graphical user interface shownigufe 4 were developed via
Matlab 2016.
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Figure 4.Menu driven interface of the presented CAD system

Different functionalities have been introduceddoilitate the use of this graphical
interface. The Open Image button is used to loadbtkast thermography as well
as the corresponding segmented region of intefé&.Image information panel
shows details of the input thermogram, such ashwitkight and image type. The
software also displays the histogram of the segateROI. In the other hand, by
clicking on the SVM classification button, the faa extraction operation is
automatically done followed by their feeding in tkapport vector machine
classifier. Finally, the system returns the resufitthe classification that is
displayed in the results section. In the figurevahahe result shows that the input
segmented thermogram corresponds to an unheaktgtorlass.

5. Conclusion and Further development

The present paper suggests an automatic compudistesks diagnostic approach
for the precocious breast cancer detection basedeatical thermal imaging. The
region of interest has been converted to graysealeé separated from the
background and extra region. Subsequently, botturtgixand statistical features
were extracted to feed a supervised learning macfon the classification of
unhealthy and normal breast thermograms. Expermhergsults affirm the
effectiveness of the method, giving a 93.3% of gieity, 90% of specificity and
91.25% of accuracy. We conclude that breast therapty is a good screening
modality for the early detection of breast canastt ahould be implemented as a
complementary test in our country. As a continuatmthe work, we propose the
implementation of this method on an embedded systetake advantage of the
parallelism available in some architectures in ortte improve the system
performances and reduce the computation time.
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