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Abstract

Thermal Infrared (TIR) imaging of breasts involves a non-invasive, non-ionized, passive, safe and painless scan of the breasts. It is a
graphing of the changes in breasts skin temperature using thermography. Thermograms are temperature distribution patterns with differ-
ent colors to indicate temperature of the different regions within the tested breast, each color refers to a certain temperature range. In this
work, three breast thermography images: one for normal case and two for cancerous cases, were employed to test the performance of the
proposed segmentation methods: Region growing; clustering (K-means and FCM) algorithms and Histogram based enhancement tech-
nigque to segment, detect and isolate the suspicious abnormal regions. These techniques were performed with the aid of suitable morpho-
logical operations to get the refined regions of interest. The results proved the efficiency of the proposed techniques to extract the abnor-

mal (of high temperature) regions.
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1. Introduction

Many types of examining techniques for breast diseases diagnostic
purposes are available including: Mammography, MRI, CT scan,
Ultrasound, Thermal IR imaging (Thermography) and PET imag-
ing. Mammography screening is the most popular testing tech-
nique, but this technique is not suitable for women aged younger
than 40 years and women with dense beasts. As well as, it is inva-
sive examining method utilizes an ionizing radiation (X-rays) and
causes discomfort feeling due to the high compression of the pa-
tient breasts [1].

Thermography imaging technique can detect exceeding tempera-
ture regions (hot spots) that belong to pre-cancerous and cancer-
ous tissues of breast, where these spots associated with high blood
vessels and chemical changes [1], [2]. The principle behind this is
that, cancerous cells need a large amount of nutrient for their ex-
ceeding growth and as a result, the metabolic activity becomes
higher in their surrounding area. So, the temperature will be higher
in this region compared with other regions [3] According to this,
tumors can be considered as a heat source that cause temperature
increasing in the surrounding area of the cancerous region and this
can be seen as a hot spot in IR Thermograms [4]. Consequently,
IR Thermograms could be a first indicator for detecting any cells
that may form a cancer or the existed cancerous cells, in many
cases from (4-10) years before they be detected by any other im-
aging techniques including mammography [1]. IR Thermography
imaging is safe, passive, non- invasive, utilizing non-ionizing
radiation sources, causes no pain and comfort to the patient [4]. In
IR Thermograms, the thermal information are demonstrated in a
pseudo colored image, acts as a heat distribution pattern of the
patient skin, in which each color refers to a certain temperature
range [1,2].

There are many researchers work on the breast thermograms uti-
lizing different methods of image processing to investigate the

existence of abnormal regions within the samples of Thermal IR
images of breasts. The methods that employed by them ranged
from edge detection, clustering and neural networks, as well as
other methods. For more details of these studies see for instance
[5-9].

Segmentation techniques. These image were submitted to the pro-
posed segmentation techniques, which are: Region growing, K-
means and Fuzzy C-mean (FCM) clustering algorithms and histo-
gram based enhancement technique that employed here for seg-
mentation purpose.

2. Methods

Three methods were implemented in this work, which are:
2.1. Region growing method

Region growing method usually starts by locating some centroids
or seeds each of them represents a distinct region in the image.
The seeds began to grow until they eventually cover the entire
image. The region growing process is controlled by the rules that
describe the mechanism of growth and the one that checks the
regions’ homogeneity at each growth’s step [10]. For more details
about the theory of Region growing algorithm see [11]. Many
studies were employed this algorithm to segment medical images,
such as: [10], [12-15]

2.2. Clustering (K-means and FCM) algorithms

Clustering represents a process of segmenting and classifying
objects in digital images in such a way that, pixels of the same
group are more similar (have the same gray levels, intensity or
colors within some criteria) one to another than samples in differ-
ent groups [10].
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K-means clustering algorithm is a hard scheme of clustering, it
attempts to find groups of pixels (called clusters) within the da-
taset having similar feature vectors such as intensity, gray levels
or colors. The number of clusters has to be fixed in prior. The
algorithm involves gathering points of the dataset that have similar
feature vectors into a single cluster (segment) and gathering the
other data points of non-similar feature vectors into different clus-
ters [16].

Fuzzy c-means (FCM) algorithm is a soft scheme of clustering, in
which the dataset point (pixel) is allowed to belong to more than
one cluster with different probability or membership grade [16].
For more details see [10]. Many researchers had successfully em-
ployed these algorithms to segment medical images, see for in-
stance: [2], [17-21].

2.3. Histogram equalization technique

Histogram equalization Technique is utilized to enhances the con-
trast of the digital images by transforming the values of the im-
age’s intensity, so that the histogram of the output enhanced image
approximately agrees or matches a pre-specified histogram [22].
In this work, histogram based enhancement technique is employed
to achieve segmentation process to extract the abnormal suspi-
cious regions that own high temperature in the temperature distri-
bution images (IR thermograms). For more details about the theo-
ry of Histogram equalization technique see [11].

3. Experimental dataset

In this study, three breast IR thermograms were adopted. One
image is of a normal case, while the other two images were for
abnormal cases. The normal breast thermogram was acquired in 3
July, 2018 from American College of Clinical Thermology [23].
This image shows thermal distribution symmetry without any
suspicious vascular patterns or significant thermal findings (ab-
normality) [23], this normal image is presented here for compari-
son with abnormal images.

The two abnormal images were acquired in 3 July, 2018 too from
the internet website [24]. The first abnormal IR thermography
image shows a significant amount of thermo vascular activity in
the left breast. The patient was referred back to her doctor for
further testing. The biopsy result was positive for inflammatory
breast cancer. The second abnormal thermography image for an-
other patient shows a large hot region and engorged blood vessels
throughout most of the left breast. The patient was advised for an
immediate mammography test and follow-up ultrasound test. The

mammogram and ultrasound test detected a suspicious area in the
left breast, and the biopsy confirmed that it was a cancer [24].

The two abnormal breast thermograms were employed to test the
performance of the proposed techniques for segmenting these
images and extracting the suspicious regions. Fig. (1) presents the
adopted experimental breast thermograms: first image is for the
normal case, second image for the first abnormal case and the
third image for the second abnormal case.

Fig. 1: Shows the Input reast IR Thermograms.

4. Experiments and methodologies

The procedure of this work involves implementing the proposed
segmentation techniques, the block diagram of Fig. 2 summarizes
this procedure.

Input Image Preprocessing Converting to
> Clipping extra parts > Gray
P Region grow-
- ing <
Extract-
ing < K-means <
Abnor- |~
mal < FCM <
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P Histogram P
h equalization |

Fig. 2: Block Diagram Illustrates the Proposed Experimental Procedure.
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5. Results and discussion

The results of this study, that presented in the procedure of Fig. 2,
are demonstrated in the following steps:

5.1. Preprocessing step: clipping the extra parts

In this step of the work, the extra parts which are shoulders, neck
and the upper part of the abdomen were clipped to process the
breasts region only in order to minimize the calculations and to
eliminate the processing time as well as to avoid the similarity
among the intensity distribution of the breasts and other extra
parts. The second operation in this step is to convert the input
colored images into gray form to facilitate the segmentation pro-
cess. The results of this step are presented in Figs.3 to 5 for the
three images respectively.

Fig. 5: Thermal IR Input Second Abnormal Image: First Line Presents
Colored Images Before and After Cutting Extra Body’s Parts. Second Line
Shows Gray Level Converted Images.

The original input images were of sizes 600x475; 304x231 and
304x228 pixels for normal, first abnormal and second abnormal
images respectively. After clipping undesired parts, the images
sizes became: 457x266; 201x141 and 245x153 pixels for the three
images respectively.

5.2. Segmentation step

In this step of the work, four techniques were implemented to
segment the adopted abnormal breast IR thermograms.

5.2.1. Region growing method

Region growing, which is region based segmentation method, was
implemented on the two abnormal thermograms with different
differentiation threshold values ranged from 10 to 60 with steps of
5. The results for the first abnormal image are presented in Fig. 6.
From the results, it was found that the value 60 is a suitable differ-
orgal Rimege Cigpe ot R image entiation threshold value to help extracting abnormality region

4 il | after applying contouring process to the resultant region growing
segmented images.

[Sa [ watig)
Fig. 3: Thermal IR Input Normal Image: First Line Presents Colored Im-
ages Before and After Cutting Extra Body’s Parts. Second Line Shows
Gray Level Converted Images.

Gray converted Input image Clipped Gray converted Input image
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Fig. 4: Thermal IR Input First Abnormal Image: First Line Presents Col-
ored Images Before and After Cutting Extra Body’s Parts. Second Line

Shows Gray Level Converted Images.
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Table 1: Elapsed Time of Implementing Region Growing Method with Different Values of Differentiation Threshold

Threshold value 10 15 20 25 30 35 40 45 50 55 60
Elapsed time (sec) 255.97 139.84 110.74 90.61 63.96 62.17 49.04 49.09 51.70 47.16 38.10
The elapsed time of implementing Region growing method with © (D)

different values of differentiation threshold (10-60) with steps of 5
was calculated. These times are presented in Table 1, it is cleared
that, elapsed time decreases as the differentiation threshold value
increases.

The steps of extracting abnormality (high temperature) region of
the two abnormal input image by implementing Region growing
method with differentiation threshold equals 60 followed by con-
touring process are illustrated in Figs.7 and 8 for first and second
abnormal images respectively.

(E)

(A) (B)

Region growing segmented image
—F

Fig. 7: Steps of Extracting Abnormality (High Temperature) Region of the
First Abnormal Input Image by Implementing Region Growing Method
with Differentiation Threshold Equals 60. (A) Segmented Image; (B)
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Contoured Image of Image A; (C) B/W Image; (D) Extracted Abnormal
Region and (E) Colored Image of Image D.

GV (B)

Region growing segmented image contourf 2

Fig. 8: Steps of Extracting Abnormality (High Temperature) Region of the
Second Abnormal Input Image by Implementing Region Growing Method
with Differentiation Threshold Equals 60. (A) Segmented Image; (B)
Contoured Image of Image A; (C) Image Converted Image of B Image;
(D) Extracted Abnormal Region and (E) Colored Image.

Fig. 7 shows the steps of extracting abnormality (high tempera-
ture) region of the first abnormal input image by implementing
Region growing method with differentiation threshold equals 60.
(A) Shows the segmented image; (B) represents the contoured
image of image A; (C) is B/W image; (D) shows the extracted
abnormal region and (E) shows colored image.

Fig. 8 shows the steps of extracting abnormality suspicious region
of the second abnormal input image, (A) represents the segmented
image; (B) is the contoured image of image A; (C) represents the
converted image of B image; (D) shows the extracted abnormal
region and (E) presents the colored image. Region growing meth-
od followed by contouring process proved its efficiency to seg-
ment breast thermography images.

5.2.2. K-means algorithm

K-means algorithm with different number of clusters is employed
to cluster the adopted two breast thermograms. The results showed
that, the number five is the proper number of clusters to segment
these two abnormal breast IR image. The results of implementing
K-means on the first and second experimental abnormal images
with 5 clusters followed by morphological suitable processes are
presented in Figs 9 and 10 respectively.

(A (B)

Index kmean clustered image

PRy

(D)

(F)

©

Abnormality Region

Fig. 9: Steps of Extracting Abnormality (High Temperature) Region of the
First Input Image by Implementing K-Means Algorithm with Five Clus-
ters. (A) Segmented Image; (B) Cluster of Inner Abnormal Region; (C)
Cluster of Outer (Surrounding) Abnormal Region; (D) Extracted Inner
Abnormal Region; (E) Extracted Outer (Surrounding) Abnormal Region;
(F) Whole Extracted Abnormal Region and (H) Colored Image.
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Fig. 10: Steps of Extracting Abnormality (High Temperature) Region of
the Second Abnormal Input Image by Implementing K-Means Algorithm
with Five Clusters. (A) Segmented Image; (B) Cluster of Abnormal Re-
gion; (C) Extracted Abnormal Region and (D) Colored Extracted Abnor-
mal Region.

Fig. 9: shows the steps of extracting abnormality (high tempera-
ture) region of the first abnormal input image by implementing K-
means algorithm with five clusters. (A) shows the segmented im-
age; (B) represents the cluster of inner abnormal region; (C) pre-
sents the cluster of outer(surrounding) abnormal region ;(D) shows
the extracted inner abnormal region; (E) shows the extracted out-
er(surrounding) abnormal region; (F) represents the whole extract-
ed abnormal region and (H) represents the colored image.

Fig. 10: presents the results of the steps of extracting abnormality
(high temperature) region of the second abnormal input image
utilizing K-means algorithm with five clusters. (A) shows the
segmented image; (B) represents the cluster of abnormal region;
(C) shows the extracted abnormal region while (D) represents the
colored extracted abnormal region. It is clear that, K-means algo-
rithm is an efficient method to segment and extract suspicious
abnormal regions in breast IR thermograms.

5.2.3. FCM algorithm

After trying many number of clusters, it is found that, the number
five clusters is proper to segment the two abnormal breast thermal
IR images by utilizing FCM algorithm. The results of implement-
ing FCM on the first and second abnormal thermography images
with 5 clusters are presented in Figs 11 and 12 respectively.

(A (B)

(FCM clustered image)

(C) (D)

(E)

Abnormality Region

Fig. 11: Steps of Extracting Abnormality (High Temperature) Region of
the First Abnormal Input Image by Implementing FCM Algorithm with
Five Clusters. (A) Segmented Image; (B) Extracted Inner Abnormal Re-
gion Image; (C) Extracted Outer (Surrounding) Abnormal Region; (D)
Whole Extracted Abnormal Region and (E) Colored Whole Extracted
Abnormal Region.

(A

(FOM clustered image)

Fig. 12: Steps of Extracting Abnormality (High Temperature) Region of
the Second Abnormal Input Image by Implementing FCM Algorithm with
Five Clusters. (A) Segmented Image; (B) Cluster of Abnormal Region; (C)
Extracted Abnormal Region and (D) Colored Extracted Abnormal Region.

In Fig. 11, the steps of extracting abnormality (high temperature)
region of the first abnormal input image by implementing FCM
algorithm with five clusters are illustrated. (A) represents the seg-
mented image; (B) shows the extracted inner abnormal region
image; (C) presents the extracted outer(surrounding) abnormal
region; (D) shows the whole extracted abnormal region and (E)
represents the colored whole extracted abnormal region.

Fig. 12 illustrates the steps of extracting abnormality (high tem-
perature) region of the second abnormal input image by imple-
menting FCM algorithm with five clusters. (A) shows the seg-
mented image; (B) represents the cluster that the abnormal region
belong to; (C) presents the extracted abnormal region while (D )
presents the colored extracted abnormal region .

From Figs. 11 and 12, it is clear that, FCM algorithm succeeded to
detect and extract the suspicious abnormal regions.
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5.2.4. Histogram equalization

In this step of the work, Histogram equalization enhancement
technique utilized here for segmentation purpose. This technique
was implemented to extract the abnormal suspicious region in the
first abnormal thermogram. The results of applying this technique
with the aid of suitable morphological operations to get refine
abnormal suspicious region, is demonstrated in Fig. 13.

(A)

(E)

Fig. 13: Steps of Extracting (High Temperature) Region of the First Ab-
normal Input Image by Implementing Histogram Equalization Technique.
(A) Histogram Equalized Image; (B) B/W Image of the Previous Image A;
(C) Background Disregarded Image; (D) Extracted Abnormal Region and
(E) Colored Extracted Abnormal Region .

Fig. 13 shows the steps of extracting abnormal region in first ab-
normal thermogram, it is cleared that, this technique succeeded
robustly to isolate and extract the suspicious abnormal region.

6. Conclusion

In this work, three breast IR thermograms, one for normal case
and two for cancerous cases, were employed to test the perfor-
mance of the proposed segmentation methods: Region growing;
clustering (K-means and FCM) algorithms and Histogram equali-
zation, which is histogram based enhancement techniques to seg-
ment, detect and isolate the suspicious abnormal regions. These
techniques were performed with the aid of suitable morphological
operations to get the refined regions of interest. From the results
one can deduced that, Region growing method followed by con-
touring process proved its efficiency to segment breast thermogra-
phy images after finding out the proper differentiation threshold
value which equals 60; clustering K-means and FCM algorithms
succeeded to perform good quality segmenting process after find-
ing that 5 clusters is the suitable number of clusters to segment
breast thermograms; as well as, Histogram equalization enhance-
ment technique was a robust method to extract the abnormal sus-
picious region.

The results proved the efficiency of the four proposed techniques
to extract the abnormal regions that own high temperature in the
temperature distribution graphs (thermograms) of breasts.
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