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ARTICLE DETAILS ABSTRACT

Article History:

The aim of this study is to identify the pre-processing stage as a necessary step in the thermal image

processing to support the decision-making in health institutions. Digital infrared thermal imaging allows the
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identification of unrecognized diseases in an apparently healthy population, through a thermal map
generated by the temperature of the affected area. The methods used to identify the main aspects that affect
the quality of the thermal image were inductive-deductive, historical-logical, analytical-synthetic and
document analysis. As a result, the necessary initial conditions for the acquisition and the logical sequence to

be develop in the pre-processing stage were presented.
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1. INTRODUCTION

Information and communication technologies have reached all spheres of
society and revolutionized dissimilar areas of knowledge, within which
was found from the outset, medicine, which has been defined as: “Conjunto
de conocimientos y técnicas aplicados a la prediccion, prevencion,
diagnéstico y tratamiento de las enfermedades humanas y, en su caso, a la
rehabilitacion de las secuelas que puedan producir” [A set of knowledge
and techniques applied to the prediction, prevention, diagnosis and
treatment of human diseases and, where appropriate, the rehabilitation of
the aftermath they may produce] (Real Academia Espafiola, 2023).

Among the main health problems affecting the population today is cancer,
in which according to data presented by the International Agency for
Research on Cancer a total of 19 292 789 new cases in the world were
foreseen for both sexes in 2020, of which a total of 9 958 133 deaths were
estimated, with a prevalence of 50 550 287 cases in the last five years;
Table 1 elaborated from GLOBOCAN reflects the situation in different
regions of the world (GLOBOCAN, 2023a; GLOBOCAN, 2023b; GLOBOCAN,
2023c.

Table 1: Global distribution of cancer cases by region.
2020 2040

Asia 9503710 20 606 063 5809 431

Europe 4398 443 13496 763 1955231
North America 2556 862 9456 199 713 414

Latin America and the Caribbean 1470274 3837718 711 429 28 887 940 16 180 202
Africa 1109 209 2166 740 699 274
Oceania 254291 986 804 69 354
Total 19292 789 50 550 287 9958 133
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Among the different types of cancer is breast cancer, which commonly
develops in women, although there are also cases reported in men; a total

717 cases in the last 5 years; Table 2 elaborated from GLOBOCAN reflects
the situation in different regions of the world in relation to this

of 2 261 419 new cases are expected worldwide and in the female sex by pathological condition (GLOBOCAN, 2023e, GLOBOCAN, 2023f;
2020, of which 684 996 deaths were estimated, with a prevalence of 7 790 GLOBOCAN, 2023d).
Table 2: Global distribution of female breast cancer cases by region.
2020 2040
Region . Prevalence . Estimated Estimated
Incidence Mortality . .
(last 5 years) Incidence mortality
Asia 1026171 3218496 346 009
Europe 531086 2138117 141765
North America 281591 1189111 85787
Latin America and the Caribbean 210100 710039 57 984 3025471 1037723
Africa 186 598 429220 48 407
Oceania 25873 105 734 5044
Total 2261419 7790717 684 996

Source: Own elaboration.

Breast cancer was the leading cause of female death worldwide by 2020, an approach derived from the analysis of the data in Figure 1.
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Figure 1: Incidence and mortality rates per 100 000 inhabitants in women with cancer by 2020. Source: GLOBOCAN (GLOBOCAN, 2023g).

The incidence and mortality rates of breast cancer presented above reflect
the need to continue researching techniques based on early detection to
locate this pathology in its initial stages, which regardless of the progress
made, continues to be a necessity, due to the fact that in countries that
diagnose tumors using these techniques, such as Spain, 35 001 new cases
of breast cancer were estimated in both sexes in 2023 and 6 614 cases died
with this pathology in both sexes in 2021, while in the United States a total
of 300 590 new cases were predicted for 2023, of which 43 170 deaths
were estimated (Sociedad Espafiola de Oncologia Médica, 2023; Sociedad
Espafiola de Oncologia Médica, 2023; Seigel et al., 2023). Cuba, a country
that advances in early detection through CAD, in 2021, tumors constituted
the second cause of death with a total of 26 791 deaths for a gross rate of
239.5 per 100 000 inhabitants, which, with respect to 2020, represented
an increase, since it had a total of 26 289 deaths for a gross rate of 234.7
per 100 000 inhabitants (Direccién de Registros Médicos y Estadisticas de
Salud, 2022).

2. METHODOLOGY

The documentary review process in the present research consists of seven
steps:

e Collection of research articles related to and based on DITI for early
detection of breast cancer using CAD.

e Explicit investigation of the methods and approaches of the collected
research articles.

o Description of the steps involved in DITI processing.

o Discussion of advantages and disadvantages of the methods used in the
stages of DITI processing.

e Analysis of the acquisition stage, description and identification of the
necessary capture protocols to be taken into account.

o In-depth analysis of the pre-processing stage, shortcomings and existing
needs.

e Logical sequence of steps in future methods and algorithms to be
developed.

An exhaustive search was performed to identify the main related research
articles. The main scientific journals, databases, doctoral thesis
repositories and conference paper presentation consulted were
GLOBOCAN of the International Agency for Research on Cancer, CA:
Cancer Journal for Clinicians, Spanish Society of Medical Oncology; World
Health Organization; Journal of Healthcare Engineering; Journal of
Engineering Science; Thermal Science and Engineering Progress; PLoS
ONE; Sensors; Quantitative Thermography Journal; BioMed Research
International; Computers in Biology and Medicine; Research in Computing
Science; Research on Biomedical Engineering; BioMedical Engineering
Online; Springer; Journal of Image and Graphics; Journal of Medical
Imaging and Health Informatics; IEEE Transactions on Systems, Man and
Cybernetics; Teaching and Research Digital Archive from the University of
the Basque Country; Doctorals Thesis on Xarta; International Conference
on Innovation in Information, Embeddeds and Communication Systems is
being explored with some keyword like ['Digital Infrared Thermal Image'
| 'DITI'], ['Pattern Recognition Technique' | 'Infrared Thermal Image
Processing'], ['Artificial Intelligence Technique' | 'Infrared Thermal Image
Processing'], ['Early diagnosis' | 'Breast Cancer'], ['Computer aided
diagnosis' | 'Breast Cancer'], etc.

Through the use of the keywords described above in the exploration of
scientific journals, databases, doctoral thesis repositories and conference
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paper, a total of 68 articles are collected, from which 42 are selected for
the initial study selected for the criteria of:

o The research shows a logical sequence of steps to keep in mind in the
development of methods and algorithms for the pre-processing stage of

infrared thermal imaging.
e The research focuses on identifying the main problems affecting the

identification of breast cancer in early stages through the use of digital
infrared thermal imaging.

3. DOCUMENT ANALYSIS AND LITERATURE REVIEW

3.1 Digital infrared thermal imaging in early detection of breast

o The researchers identify the main methods, techniques and algorithms cancer

used in the different stages of infrared thermal image processing. Early detection is the presumptive identification of an unrecognized

disease in an apparently healthy and asymptomatic population. Its
application increases the likelihood of successful treatment by focusing on
the detection of symptomatic patients as soon as possible; and it is
composed of three stages as shown in Figure 2 (World Health
Organization, 2023; World Health Organization, 2017).

The investigators identify the potential benefits of developing methods
and algorithms at the pre-processing stage of digital infrared thermal
imaging based on pattern recognition techniques.

Step 1 Step 2 Step 3

Awareness Clinical
l and - evaluation, - Access to
accessing diagnosis and treatment
care staging

Awareness of symptoms, :I‘i::?c:te g;:tgi::s::'cd Referral for :;c:_s::':'ﬁiy
seeking and accessing care /" o onocic staging Ueatment treatment

Figure 2: Stages of early detection. Source: World Health Organization (Word Health Organization, 2017).

Within the methods for early detection of breast cancer, are: self-
exploration, mammography, ultrasound, magnetic resonance imaging and
thermal imaging; being mammography the reference method, which by
means of X-rays generates a high contrast and resolution image; however,
it presents as limiting factors, discomfort in the patient due to breast
compression, affection in the sensitivity of the images obtained by breast
density, less effectiveness in women under 50 years of age and continuous
exposure to radiation that can damage the cancerous tissue and cause its
mutation (Pavithra et al, 2018; Santana et al,, 2018; Dey et al., 2017;
Wakankar et al., 2016; Mammoottil et al., 2022; Mashekova et al., 2022;
Mohamed et al., 2022; Tsietso et al., 2022; Teja Kakileti et al,, 2019;
Hossam et al., 2018).

The development and research in early detection techniques such as DITI
directly linked to the detection of breast cancer, is essential to avoid the
unnecessary diagnostic indication of a mammography, in addition to
requiring less time of cancer evolution for detection, not irradiate the
patient, and do not require a minimum volume of breast to fix the area
under study and acquire the image, because its use is based on
identification of specific features of breast heat patterns, like, highly
asymmetric temperature distributions between the left and right breasts,
localized hot spots indicative of abnormalities, changes in hypothermic
vascular patterns due to tumor growth and variation in the areolar and
periareolar regions (Mammoottil et al, 2022; Mashekova et al, 2022;
Mohamed et al,, 2022; Tsietso et al., 2022; Rodriguez Guerrero et al,,
2014).

3.2 Computer aided diagnosis

DITI, is the most efficient technique for the study of temperature
distribution in the skin, since it provides information on the normal or
abnormal functioning of the sensory and sympathetic nervous system,
vascular dysfunction, myofascial trauma and local inflammatory processes
product to which all body or organ emits infrared radiation due to its
thermal condition (Mammoottil et al, 2022; Mashekova et al, 2022;
Mohamed et al,, 2022; Tsietso et al, 2022; Dey et al.,, 2017; Kamath et al.,
2015).

This technique presents as output a digital medical image that constitutes
arepresentative source of information, because it is captured and used by
specialists to obtain information on the health status of patients,
constituting a function of two dimensions f(x,y) where x and y are spatial
coordinates and the amplitude of f in each pair of coordinates (x.y)
represents the level of intensity, whose values depend on constituting an

image in black and white, grayscale or color; for black and white images
f(x,y) has a binary value where 0 is black and 1 is white; for grayscale
images f(x,y) can take values from 0 (black) to 255 (white) with all
intermediate values; while for color images f(x,y) is a vector of 3 individual
components for red, green, and blue, with values from 0 to 255 for each
component (Tsietso et al., 2022; Pavithra et al,, 2018; Al-shamasneh et al,,
2017).

Beside its advantages, it has shortcomings in the analysis carried out by
specialists, since quality depends on experience, visual acuity and
knowledge of the characteristics of the object to be analyzed; and the
identification of anomalies is limited by the different elements present in
the surface under study; which place medical personnel before difficulties
in the identification of pathologies in complex backgrounds associated
with image quality, where relevant features, visualization environments
and experience can cause erroneous results. Approach according to the
criteria issued by (Mammoottil et al.,, 2022) “[...] Earlier thermal images
were analyzed by humans making the process strenuous and inaccurate.
With the emergence of artificial intelligence (Al) and machine learning
(ML) algorithms, thermal images can be intercepted and used in a whole
new different way. [...]” (p.2),, the criteria issued by (Roa Martinez et al.,
2016): “El diagnéstico médico a partir de imagenes médicas digitales en
numerosas ocasiones tiene una gran influencia subjetiva, porque
generalmente se basa en la extraccién de una determinada informacién o
elementos simples sobre fondos complejos” [The medical diagnosis from
digital medical images often has a great subjective influence, because it is
generally based on the extraction of a particular information or simple
elements on complex backgrounds] (p.652) and to the criteria issued by
(Resmini et al, 2021): “[...], human interpretation of those images is
complex and, for this reason, artificial intelligence algorithms must be
used to help the medical team to identify the differences between sick
and healthy breast patterns.” (p.1). For this reason, DITI needs to be
analyzed and processed more efficiently using digital image processing
techniques that allow the extraction of the main features for an accurate
diagnosis of breast cancer patients (Mammottil et al., 2022; Mohamed et
al,, 2022; Padmappriya et al,, 2018; Dey et al,, 2017).

CAD is the procedure performed using computational algorithms like
digital image processing, artificial intelligence, personalized data and
physical modeling and machine detection of temperature distribution
patterns based on medical knowledge of specific diseases created to
identify suspicious regions of malignancy on DITI and achieve an accurate
clinical diagnosis, for this reason the are many studies on its improvement
as a prognostic adjunctive tool for early detection of breast cancer, and the
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trend for future research seems to be in the performance of the CAD
system for identify a correct highest number of cases, for its advantages
according to the criteria emitted “[...] advantages of CAD systems are: 1) it
is less dependent on human subjective opinion; 2) it is a quantitative based
system that can reduce false positives or false negatives; 3) it reduces the
cost of additional medical procedures [...]” (Mashekova et al., 2022; Huang
etal, 2018; Jean Mambou et al,, 2018; Liu et al,, 2018).

Interpretation of DITI using CAD systems requires three steps (Mashekova
etal, 2022; Huang et al,, 2018; Jean Mambou et al,, 2018; Liu et al,, 2018;
Qinetal, 2018):

e Manual interpretation of the digital image by the specialist.

Digital processing of the image by means of CAD, for the identification of
the possible affected areas and to emit a final result classifying the image
as pathological or not.

Revaluation of the first digital medical image analysis result compared
to the second. Aspect that constitutes a fundamental step for the correct
performance of the CAD system, and of necessary presence, as an
intermediate point that allows before the final result to re-evaluate a
previous result, with the possibility that the system can correct the
decision in case it is erroneous in correlation with the opinion of the
specialist.

3.3 Digital infrared thermal image processing

The treatment of the medical image differs from the way in which images
of natural scenes are acquired, a product that can present problems in the
differentiation of internal organs and tissues represented by aspects such
as noise, not available or fuzzy image, low contrast, incorrect intensity
values, and ill-defined and blurred edges (Mammoottil et al., 2022; Tsietso
et al, 2022; Bereciartua Pérez et al.,, 2016). This process is composed of
five stages, acquisition, pre-processing, segmentation, feature extraction
and classification (Mashekova et al,, 2022; Tsietso et al., 2022; Hossam et
al,, 2018; Pavithra et al., 2018; Santana et al.,, 2018; Dey et al., 2017).

3.4 Acquisition

Several parameters need to be taken into account to detect the thermal
contrast between cancerous and non-cancerous areas, this principle is
based on the fact that the temperature patterns of the cancerous tissue in
the breast remain the same, while the healthy regions are affected by cold
stress. It is given by the use of a physical environment sensitive to changes
in ambient temperature, atmospheric temperature, relative humidity,
patient position, air currents and previous rest time, so it is necessary to
acquire it under certain protocols, which have been proposed by
researchers such as (Mashekova et al.,, 2022):

e A group research obtained a DITI from the free access database
developed which proposed for the acquisition rest by patients two hours
before the examination without alcohol, caffeine, nicotine, physical
exercise, no application of cream, oil or any type of deodorant in areas
of the breast or armpit; a controlled temperature in the room in a range
of 20°C to 22°C, no windows, no wind, no direct air flow to the patient,
and the use of only fluorescent bulbs in the lighting, need for the non-
presence on the patient of earrings, necklaces or other accessory that
may interfere with the correct taking of the thermal image, the check of
body temperature with a clinical thermometer and hair gathered
towards the upper area of the head; for image capture pre-cooling of the
chest and axilla area with a fan until the thermal stress stop condition is
met, distance between the camera and the patient of one meter,
recording of relative air humidity and temperature for input as
parameters in the camera used (Mammoottil et al,, 2022 and Tello-
Mijares et al., 2019; Silva et al., 2014). The clinical data of each patient
that was recorded using web scraping.

e A group researchers used the online database for research in mastology
with infrared imaging DMR-IR which was elaborated from images
acquired under the protocols of prior rest of patients for 10 minutes in
a room with controlled temperature between 20°C and 22°C and hands
over the head, and the private database of the Federal University of
Pernambuco UFPE which was elaborated from images acquired under
the protocols of prior rest of patients for 10 minutes and presence of
hands on the top of the head (Resmini et al.,, 2021).

e A group researchers proposed a controlled temperature in a range of 20
to 22 £ 0.1°C, a relative humidity of 60 + 5%; rest in patients 15 minutes
prior to the test, use of a wide gown to not restrict air flow, all within the
recommended period on days 5 to 12 and after 21 of the menstrual cycle
(Santana et al,, 2018).

o In other study, authors proposed a temperature of 18 to 22°C, relative
humidity of 60%, dark room to minimize interference from infrared
sources, rest of 10 to 20 minutes in patients, no alcohol consumption, no
physical exercise, no application of cosmetics on the surface of the
breast on the day of acquisition of images; emissivity of 0.97 to 0.98 for
an ambient atmospheric temperature of 17°C (Pérez et al,, 2016).

3.5 Pre-processing

It consists of tackling one or more problems, including noise elimination,
increasing contrast, emphasizing relevant edges and structures, detecting
points of interest and uniform lighting. Some operations include
converting RGB scale to Grayscale, since less information is needed for
each pixel and allows RGB colors to contain equal intensity values. With
respect to the techniques used at this stage there are different criteria
issued (Tsietso et al.,, 2022; Al-shamasneh et al,, 2017; Bereciartua Pérez,
2016):

e Some researchers remove from the dataset the patients that had not
available or fuzzy image in the static protocol to replace them with the
corresponding patients image from the dynamic protocol, remove image
if there are blurry and barely visible, if have presence of injury, if proper
protocols were not followed during the process of data collection or did
not have all five views, remove data with any anomalous entries, and
transform all images to a 640 x 640 size using the resize functionality
provided by PyTorch (Mammoottil et al., 2022).

in the input the thermal images of size 680 x 480 pixels and its
computation time will be high due to the limitation of the PC capabilities
used in this study (Mohamed et al., 2022). So, the thermal images are
resized to a smaller size of 228 x 228 pixels for faster computation.

attenuates distortions by removing noise through the use of a Gaussian
filter (3x3) and contrast enhancement through the change of the image
from RGB scale to grayscale which in turn is subsequently converted
into binary format by using a predefined threshold of 0.25; defines the
left and right margins using Canny's edge detection algorithm to
constitute the initial elliptical points of the GVFS, the left and right
margins or lines, and the left and right breast curvature function
boundaries (Tello-Mijares et al.,, 2019).

e remove the noise present and then perform the conversion from RGB
scale to grayscale (Hossam et al., 2018).

e convert the image to grayscale and extract the ROI belonging to the area
of both breasts of the image with its subsequent conversion into a matrix
of characteristics to be processed by moving the area most likely to
present cancer to the entry of the next component (Jean Mambou et al.,
2018).

* make adjustments from RGB scale to gray scale (Santana et al.,, 2018).

e perform gray level histogram filtering on the entire image to improve
future steps in image processing and remove unnecessary backgrounds
and regions with the extraction of the ROI (Dey et al., 2017).

o take steps to remove the bottom, change size and in turn remove the
lower body (Wakankar et al.,, 2016).

3.6 Segmentation

It is given by the identification of multiple segments due to its greater
significance and easy analysis, so it is necessary to examine pixel by pixel
and label each of them, depending on whether the value of the gray level
is greater or less than the threshold. At this stage, the images are divided
into several groups of pixels to facilitate their representation in another
image easier to analyze (Padmappriya etal.,, 2018; Mahmoud, 2016). In the
breast cancer study, through the DITI, one of the most useful indicators for
medical personnel is the comparison of temperatures in symmetrical
anatomical regions, so the diagnosis can be based on automatically
locating certain characteristics that indicate possible temperature
asymmetries between the right and left regions of both breasts, identifying
borders, or segmenting regions, lines or curves (Meena Prakash et al,,
2017).In the investigation of procedures used at this stage, we have
identified the use of Watershed techniques that allow us to extract the
borders of the regions present in the image and to distinguish highly
complex objects which cannot be easily processed by conventional
algorithms; grouping using the K-means algorithm based on colour
characteristics with extraction of the hot region in two steps, first grouping
the pixels on the basis of their colour and spatial characteristics from
which the grouping process is carried out, and a second step where the
segmentation of the hot region is carried out separating the background
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from the image; Fuzzy C-means and Level Set techniques; Gaussian mix
models; and Hough transform algorithm (Tello-Mijares et al.,, 2019; Meena
Prakash et al, 2017; Wakankar et al,, 2016).

3.7 Feature extraction

It is a key stage for the correct detection of pathologies, and depending on
the type of characteristics obtained, its space can be divided into three
categories (Tello-Mijares et al.,, 2019; Jean Mambou et al., 2018; Mahmoud,
2016; Pérez et al,, 2016).

o Intensity Characteristics: Consists of using the gray level values of each
ROI to characterize it.

e Geometric characteristics: It is based mainly on the shape of the ROI,
thus calculating area, perimeter, convexity, moments of first, second and
third order, obliquity, among others.

e Texture Characteristics: Obtained from co-occurrence matrices or gray
level dependency matrices, and Haralick texture descriptors.

Among the characteristics to have present in this stage are asymmetry,
kurtosis, entropy and area of the lesion; extracted as characteristics of
textures by means of descriptors of geometric moments, Legendre, Hu,
Zernike or Haralick texture from the co-occurrence matrix of the image,
which constitute the entrance to the next stage. Characteristics extracted
from low or high level can help discrimination of various regions; in turn
the decrease in computational time depends on the selection of the most
significant characteristics (Santana et al., 2018; Wakankar et al,, 2016).

Of the techniques previously referred to, one of the most promising are the
Haralick texture descriptors, developed in the 1970s by Robert M.
Haralick, which analyze textures in an image by using the co-occurrence
matrix of gray tones to calculate fourteen texture descriptors of a
statistical nature; where for their calculation, itis necessary to assume that
the totality of the textural information of an image is contained in the
spatial relationships that occur between the different gray levels of an
object (Haralick et al., 1973).

3.8 C(lassification

The techniques used in this stage allow, from a set of characteristics
obtained from the region of segmented study, the assignment to one group
or another, which is called class; this assignment, in the case of medical
imaging can be the identification of a type of tissue or lesion; in addition,
measurement and quantification operations can be added to the image to
obtain more accurate data that are of value in the diagnosis (Bereciartua
Pérez, 2016).

Classification techniques such as CNN, deep learning networks, fuzzy
models, artificial neural networks, FNN, PNN, support vector machine,
extreme learning machines, BPA, bayesian networks, GMM and decision
trees; have been used for their high precision starting from the input
parameters coming from previous stages (Mammoottil et al, 2022;
Mashekova et al.,, 2022; Teja Kakileti et al., 2019; Hossam et al., 2018; Jean
Mambou et al., 2018; Santana et al., 2018; Wakankar et al., 2016).

4. ANALYSIS AND DISCUSSION

In the studies led by a method based on CNN to detection of breast cancer
using five different views, front, left 45°, right 45°, left 90°, and right 90°
were developed, it is found that the addition of clinical data increased the
ability of the model to classify a patient as healthy or sick correctly
(Mammoottil et al, 2022). However, the study and implementation of
techniques for better and more robust pre-processing like data
augmentation and image segmentation would be interesting, since the
model would improve its interaction with the availability of better and less
limited data.

In research presented by methods were developed in the stages of
segmentation, feature extraction and DITI classification which reach
breakpoints due to the lack of deep treatment in the pre-processing stage;
there is a lack in the literature of procedures and techniques that provide
better quality (Resmini et al,, 2021; Dey et al,, 2017; Mahmoud, 2016;
Wakankar et al,, 2016).

In studies conducted is not taken into account within the performance of
the CAD systems proposed; the re-evaluation of the result achieved with
the one issued by the specialist, which allow the feedback of the system in
the cases classified in an erroneous way, in order to increase their
precision and effectiveness in obtaining accurate results in future analyses
of DITI (Resmini et al., 2021; Tello-Mijares et al., 2019; Teja Kakileti et al.,

2019; Hossam et al,, 2018; Jean Mambou et al., 2018; Sanchez-Ruiz et al.,
2018; Santana et al., 2018; Bastida et al., 2017; Meena Prakash et al., 2017;
Mahmoud, 2016; Pérez et al,, 2016; Wakankar et al., 2016; Kamath et al.,
2015 and Rodriguez Guerrero et al., 2014).

So, the authors of this article have identified the need for:

Development of algorithms using advanced methods of region growth
using contour techniques to improve the segmentation stage of regions
in thermal imaging.

Development of characterization algorithms using statistical correlation
methods to analyze the texture of the ROI and improve comparison at
the classification stage.

Development of methods for image enhancement adjustments, noise
reduction, distortion attenuation, image smoothing and ROI extraction
in the pre-processing stage that provide a higher quality DITI for later
stages of segmentation, feature extraction and classification.

e Proportion of volumetric resolution in the ROI to demarcate the specific
location of the possible injury.

And based on the results obtained in the analyzed investigations, have
identified two fundamental stages in the processing of digital infrared
thermal images for the diagnosis of breast cancer; in which the correct
performance, treatment and compliance with acquisition protocols are the
key to the future performance of subsequent stages in order to arrive at an
early and accurate diagnosis.

The first one, acquisition stage; as a fundamental conditions are proposes,
in order that the captured image has the least possible influence from
external sources that introduce undesirable factors, such as protocols to
have in mind, a convergent point between the criteria emitted (Mashekova
et al, 2022; Santana et al.,, 2018; Tello-Mijares et al., 2019; Pérez et al.,
2016; Rodriguez Guerrero et al.,, 2014); these are:

¢ Controlled ambient temperature in a range of: 18 to 22°C.
® Relative humidity in the room: 60 * 5%.

® Room for the capture: Hermetized and closed for the non-influence of
external sources of radiation, with constant air flow.

® Prior rest in patients without contact with the study area before testing:
10 to 20 minutes.

® Patient position: Front of the camera, with the waist area facing upwards
uncovered, arms raised with the palm of the hands resting on the back
of the head.

® Distance between the camera and the patient: 1 meter.

® No consumption of alcohol, nor application of cosmetics in the area of
the surface of the breasts, nor accomplishment of physical exercises the
day of accomplishment of the test.

® Acquisition of images on the following days: From 5 to 12 and after 21
of the menstrual cycle.

¢ Emissivity of human skin for the camera used: 0.98.

® Distance between the camera and the patient: 1 meter.

The second one, pre-processing stage; an arduous task that requires
attention and efforts in the methods used in it, the operations to be
performed must go beyond resize the input thermal images and perform
gray level histogram, sharpness enhancement, color correction,
attenuation and correction actions since it is a crucial step for the
subsequent performance of the CAD systems in the early detection of
breast cancer, in the stages of segmentation, extraction of characteristics
and finally the classification of the image analyzed according to the study
being developed.

For this reason, operations must be carried out for the attenuation and
correction of product distortion to require prior treatment to reduce
effects such as erroneous pixels, random noise from the electronics used
in the measurements; or optical problems of framing and focusing of the
image or non-uniform heating, by sources of excitation that independent
of having taken into account protocols at the time of acquisition, may
continue to appear, followed by the extraction of ROI since the presence of
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areas outside the study area that show non-relevant information in these
images may be considered as noise accompanied by the fact that they bring
with them a higher computational cost and time in later stages and its
subdivision into a certain number of quadrants that allow comparing
symmetrical anatomical areas in both DITI to identify different
temperature patterns which based on medical criteria may constitute an
alarm, to only continue to later stages with those DITI of patients that are
more likely to constitute a pathological images and move on to analyze
other characteristics, and to reach a faster and more accurate diagnosis
since the DITI of patients that at this point do not constitute an alarm can
go directly to the classification stage like a not pathological images.

Based on the above, the authors of this article propose a logical sequence
of six stages to be taken into account in the development of future methods
and algorithms for the pre-processing stage of DITI for the early detection
of breast cancer.

The first stage would be related to an algorithm to discriminate images
without potential risk of a pathological condition, which by subdividing
them into a specific number of quadrants referring to both symmetrical
anatomical areas of the breasts and comparing them can detect
temperature differences that may be the starting point for the presence of
a pathological abnormality and thus not having to perform the following
stages and be able to move directly to the classification stage in the
processing of DITI, the second stage would be composed of actions for the
reconstruction of defective pixels, the third stage would present actions
for the attenuation of noise introduced by external sources at the time of
acquisition, the fourth stage would allow the enhancement of contrast in
the DITI taking into account the non-alteration of the initial image, the fifth
stage would allow the enhancement of features associated with the area of
possible pathological condition and the sixth stage would lead to the
extraction of the ROI and the feedback with the criteria issued by the
specialist; as shown on Figure 3.

Pre - processing

Logical steps sequences

!
|
|
Acquisition |
I
i
|

Yes

Stage Stage

m @

Stage

Vv Segmentation

Feature extraction

Clasification

Figure 3: Proposed logical steps sequences diagram for the pre-processing stage of DITI.

5. CONCLUSION

The methods and techniques used in the processing of DITI with CAD
support for the early detection of breast cancer were discussed, showing
the need for continued research in this field by the high numbers of
incidence and mortality associated with this disease in different regions of
the world, and the existence of needs identified in the pre-processing stage
of the DITI by the erroneous results achieved in research that enhance
segmentation, feature extraction and classification.

In order to solve these needs, several needed steps for acquisition stage
and a logical steps sequences of operations and actions to be taken into
account in the pre-processing stage was presented in order to improve the
quality of the digital infrared thermal image and increase the performance
of the existing algorithms in the following stages of segmentation, feature
extraction and classification, in order to support the decision making
process of the diagnostic imaging staff of health care institutions.
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