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Abstract. In order to validate the use of thermography as a test for breast cancer, the first fully automated method of
thermogram processing and analysis is proposed. In this work, 84 patients from the age of 40 were tested under
standardized environmental conditions, including 20 patients with cancer, 22 with benign tumor, 14 with cyst and 28
without abnormalities. With the use of common classification methods, the best result was 89.29% of accuracy, with
respective 75% sensitivity and 93.75% specificity. The results are comparable with those of the standard test of
mammography, and they strongly suggest the feasibility of this specific use of thermography.
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1. INTRODUCTION

Breast cancer is the leading cause of death byecamong women in Brazil, and the early diagnasdeiterminant
in patients” healing chances. Combined with th@iail exam done by the physician, the most commozesing method
is mammography, an anatomical test that permitgigoalize malignant tumors directly. However, inaBit it is
recommended to be only done every 2 years for wdmeemeen 50-69 years old, and between the agesarfid 49 only
in case of a suspicious annual clinical exam. Elstricted application of mammography is partiallg its use of ionizing
radiation, itself a factor that increases the askancer (Silva and Hortale, 2011).

Infrared thermography is a technique that can leel tis detect modifications in the breast tempeeadlistribution
caused by the presence of a malignant tumor (Ja®&8). Although not permitting to visualize tumalisectly, it has
the advantage of being a non-invasive method tbas chot involve touching, venous access or ionizamjation
(Borcharttet al., 2012).

The purpose of this study is to identify breastoesmrpatients based on the analysis of their theramg. A fully
automated analysis method, which is independepbe$ibly inaccurate human interpretations of ttieaied images,
allows us to quantify the effectiveness of this aséhermography. In order to develop a fully autded method, it is
necessary to propose a segmentation method faReb@n of Interest (ROI), and to identify the exteal features that
produce the best classification results.

2. METHODOLOGY

The thermograms used in this study were acquiresldesm 2005 and 2013 at the Hospital das ClinicdlseoFederal
University of Pernambuco, Brazil, following the pvool described in Oliveira (2012). The camera usad the FLIR
S45 with a resolution of 320x240 pixels and sevisjtiof 0.08 °C. Subjects of this study were paiseinom the age of
40, the recommended starting age for screening.t€git of a total of 84 patients, 20 were diagnosigl malignant
tumor (cancer), 22 with benign tumor and 14 witstayonfirmed by biopsy, and 28 were diagnosed amalo(without
abnormalities) confirmed by mammography and ultnagwaphy exams. The acquired images were adjustading
to measured environmental temperatures, relativeidity and distances. Because the measured relatimgdity had
some peaks in the older acquisitions, we only d®red images taken with measured relative humétjtyal or inferior
to 80%, a value that can be identified in the fgeam of all measurements (Figure 1) as the antirhetleeen two modes.
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Figure 1. Histogram of all measured values of nedaiumidity.
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2.1 Segmentation

The first step in analyzing breast thermogramsésidlentification of the ROI, for the following dgsis not to be
misguided by other information in the images. S@umated segmentation methods have been propdeacver,
they are based on geometrical considerations thatad apply to all patients. This has caused aromapt loss of
information in some cases (Marques, 2012) and ¢imsistent inclusion of areas that are not parhefROI (Motta,
2010). In the current study, we use a segmentatighod that does not always result in an esthétidalicate definition
of the ROI borders, but is expected to be usefutife purpose.

The segmentation of the temperature matrix begdm tive separation of the patient’s body region ftbencolder
background. It was done by identifying the thredhedlue in the respective histogram that sepatate$wo regions.
Then the regions immediately beneath the armpite wekentified and a straight line with an angles6f respective to
the horizontal defined two superior regions thatevexcluded, together with the region above th&.nEmally, the
region immediately under the breasts was identdied excluded according to its relatively highexaldemperature.

2.2 Feature Extraction

Two features, temperature intervals that are desdrbelow, were extracted from the segmented teatyrermatrix.
To test whether those values were significantljedént between the samples of cancer and thoseutitancer, we
analyzed the respective histograms and p-valuespfalues of the Kolmogorov-Smirnov test for nolitgavere greater
than 0.05 for each sample, so we considered eatiibdition as normal, and the t-test was used topese the means.

2.2.1 Featurel

First, we searched for the maximum temperatur@ahdreast, but only in pixels with a value higheequal to its
immediate surroundings, and not in the border ef ROI. This criterion was used to avoid the infleremf possible
regions not properly excluded in the segmentatimtess. We then defined the difference betweenmagrimum
temperatures of each breast as the Feature 1.

2.2.2 Feature 2

Following a similar procedure, we searched for ifieimum temperature of each breast, but only irelsixvith
temperature lower or equal to its immediate surdings, and again not in the border of the ROI. Wantdefined the
difference between the minimum of the two previgdelind maxima (one for each breast) and the maxirotithe two
minima as the Feature 2.

2.3 Classification

To find the best classification method for our psgs, we tested the five supervised learning methoskent in the
Statistics Toolbox™ of MATLAB® 2013b. They are: aSkification Tree, Support Vector Machine, Discrianit
Analysis, Naive Bayes, and K-Nearest Neighboredoh case, parameters were tested to achieve sheekalts. For
the Classification Tree method, we used the stahgarameters. For the Support Vector Machine methvadused a
polynomial kernel of order 5. For the Discrimindralysis method, we used the Mahalanobis distalRoethe Naive
Bayes method, we used a kernel distribution. Fdtd&rest Neighbors method, we also used the Mahaidéstance.
The chosen method to validate the results wastiheelone-out cross-validation.

In order to analyze the potential of the proposedhod as a test for breast cancer, the accurangitisgy and
specificity were calculated, followed by the speify in each class of benign, cyst and normal strea

3. RESULTS

All the results, including figures, p-values, a@ries, sensitivities and specificities were acquisith the use of a
main routine in MATLAB.

3.1 Segmentation

For all tested images, the performed segmentatassatisfactory, as none of them had importanetossthe ROI
or had included areas not from the ROI. Figure éhis example of the performed segmentation.
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Figure 2: Original image represented in graysdal)( result of the segmentation (right).

3.2 Feature Extraction

Feature 2 enables a good distinction between theplea of patients with cancer and patients withzaricer, as
illustrated in Fig. 3 and Tab. 1.

Figure 3: Histograms of Cancer (red) and not Ca(ider) for the Feature 1 (left) and Feature 2hjig

The histograms suggest that Feature 1 alone daoekstioguish the two classes, and Feature 2 aloes distinguish
them.

Table 1. p-values of the Kolmogorov-Smirnov testrformality and the p-values of the t-test.

Feature Cancer Not Cancer t-test
Feature 1 0.066366585 0.179530089 0.224734678
Feature 2 0.824479517 0.89660153¢ 0.000000001

We can conclude that the mean of Feature 2 isrdiffebetween the two classes (p S)LFigure 4 suggests that the
classes can be distinguished even better wheredtterés are combined.
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Figure 4: Scatterplot of the features for the fdasses: malignant, benign, cyst and normal.
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3.3 Classification

Table 2 presents the classification performancainétl using different classifiers, with leave-ong-cross-
validation.

Table 2. Classification performance of differerstsdifiers

Classifier Accuracy Sensitivity ~ Specificity Specificity Specificity Specificity

(All) Benign Cyst Normal
Classification Tree 89.29% 75.00% 93.75% 90.91% 92.86% 96.43%
Support Vector Machine 83.33% 80.00% 84.38% 86.36% 71.43% 89.29%
Naive Bayes 83.33% 65.00% 89.06% 86.36% 78.57% 96.43%
K-Nearest Neighbor 76.19% 45.00% 85.94% 86.36% 78.57% 89.29%
Discriminant Analysis 82.14% 80.00% 82.81% 81.82% 78.57% 85.71%

The Classification Tree method obtained the bestli® for accuracy and specificity. The Supporttdediachine
and the Discriminant Analysis methods presentedhigbBest sensitivity, however a much lower speitifithan the
Classification Tree. The Naive Bayes method ackig¢he same level of specificity for the normal sass the one
obtained with the Classification Tree method. Hoeveall the other results were lower for the NéBayes method. For
the analyzed cases, the classifier K-Nearest Neigsitowed the worst accuracy.

4. CONCLUSIONS

The results obtained with the Classification Tresthod strongly suggest the feasibility of the usthermography
as a test for breast cancer. The specificity isicmably high and the sensitivity similar to tbdtmammography, the
standard screening test (Kaltal ., 2002). Furthermore, the high accuracy obtainethie cyst and normal cases indicates
that almost only patients with a possible needsfangical intervention will be referred to other éstigative and/or
invasive examinations. The results also suggestiieasegmentation method tested was robust entugieserve the
features here proposed as a method to detect lwaastr. A further study is necessary to clarify physical origins of
the distinctive thermal patterns observed in p#ienth breast cancer.
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