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Abstract. The early detection of cancer when the tumor is relatively small is crucial for the success of treatment protocols.
Today, the most widely used techniques for the image detection are magnetic resonance (MRI), computerized
tomography (CT) scan, and x-ray (mammography). Temperature measurements taken with an infrared camera can also
be used for tumor detection. This paper presents preliminary results towards the development of a method of using
infrared temperature measurements for tumor detection in the thyroid. A protocol available in the literature was also
modified in this work, in order to enhance the thermal contrast between the thyroid and the surrounding tissues and
organs.
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1. INTRODUCTION

Infrared thermography application in medicine is based on temperature measurements related to the infrared radiation
emitted by the tissue being studied or by the skin. The temperature distribution depends on the metabolic activity, the
blood perfusion and ambient conditions (Santa Cruz, et al., 2009). Anomalies in internal organs can result in variations
in temperature distribution on the skin due to the increase of metabolic activity. The vascularity of the tumor, for example,
plays a crucial role in its growth rate and metastasis (Gavriolaia, et al., 2009). Thus, the temperature distribution measured
on the skin surface can be used for the indication of diseases, like cancer for example. Infrared temperature measurements
have the advantages of being non-invasive, non-destructive and with a relative low cost. This technique is quite powerful
in the sense that a temperature mapping of a specific area can be obtained in a fast and safe manner (Han, et al., 2013).

The massive use of infrared thermography is, however, very limited. Problems associated with the temperature
sensibility in cases where the tumor is small and deep are still a challenge. To deal with this limitation, several works
available in the literature models the temperature distribution on the region of interest, like the neck and the breast
(Gavriloaia, et al., 2009; Han, et al., 2015; Jin, et al., 2014; Wahab, et al., 2015; Agyingi, et al., 2015; Carlak, et al.,
2016; Amri, et al., 2016). These models consider the thermophysical properties of the several elements that make up the
human body, like muscle, organs, fat and the metabolism itself. Besides that, transport phenomena like blood perfusion
and the convection induced by the respiration are also considered in these models. In the above-mentioned works the
determination of the temperature field was investigated from the know properties of the health and cancerous tissues.
Unfortunately, the use of models for the prediction of tumors is not simple, because the properties of the tissues are not
precisely known, and the geometry varies significantly from one person to another.

This work is intended to use image processing techniques instead of trying to model the temperature profile in the
neck. Image processing can be used for two different purposes: improve the visual appearance of images for the human
perception and prepare images for the measurement of its inherent features and structures, like edges, color, texture or
some combination of these factors (Russ, 2002). Image processing techniques are used in many applications, such as in
medicine for the enhancement of magnetic resonance or x-ray imaging, in aeronautics and space for the reconstruction of
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noisy images sent from space, and automated visual inspection to improve the productivity and the quality of certain
product.

There are several aspects that can be pursued when using some image processing technique, and the most important
are the image reconstruction, image enhancement, image compression and image filtering. The particular aspect that will
be explored in this work is the image enhancement, since the idea is to increase the contrast between the thyroid gland
and its surrounding elements, such as muscles, veins and arteries. The aim of enhancement is to deliver a processed image
more suitable (for a specific application) than the original one. There is no general theory for image enhancement. When
an image is processed for visual interpretation, the viewer is the responsible for judging the performance of a particular
method (Gonzales and Woods, 1992).

In this work, a histogram modification technique was used to enhance the image contrast between the thyroid gland
and its neighbor organs/tissues. The visual contrast of an image can be improved by adjusting the grayscale so that the
histogram of the resulting image is flat. This increase in visual contrast is an artificial enhancement due to a more judicious
choice of the relative intensities, represented by the quantization levels of the original image (Hummel, 1977).

The experimental measurements were performed with volunteers from the Laboratory of Transmission and
Technology of Heat from the Federal University of Rio de Janeiro (LTTC/COPPE/UFRJ), were this research is carried
out. Their thyroid gland region was precisely determined by an ultrasound exam held in the Rio de Janeiro Brain Institute
State Hospital. Afterwards, the ultrasound images were superposed with the infrared ones and the image processing
techniques histogram equalization and contrast limited adaptative histogram equalization (CLAHE) were applied. Both
histogram equalization and contrast limited adaptative histogram equalization were utilized from the built-in function
histeq and adapthisteq respectively, available at the Image Processing © Toolbox from Matlab®©.

2. TEMPERATURE MEASUREMENT AND IMAGE PROCESSING
A set of volunteers were chosen from the laboratory LTTC/COPPE/UFRJ. These volunteers were named P1, P2 and

P3. In order to perform the temperature measurements of the desired region of the volunteers, they were positioned in
dorsal decubitus position, with the infrared camera focusing on their neck, as shown by Fig. 1.
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Figure 1 — Infrared temperature measurement procedure of the volunteers.

In this work, the experimental temperature measurements were performed with a A325 FLIR infrared camera. The
electrical signal given by the camera is a function of the incident electromagnetic radiation over its sensor. This electrical
signal is then converted to a Digital Level (DL), with linear increasing transfer functions that result from a calibration
procedure. The camera has an uncooled microbolometer detector of 320 x 240 pixels and is sensitive in the range between
7.5 and 13.0 um. The infrared camera used in this work has its sensor calibrated to perform temperature measurements at
30 cm from the target, so the camera was fixed in a tripod 30 cm above the volunteer’s neck.

The measurement campaign was performed with the volunteers by following a protocol described by (Kandlikar, et
al., 2017). This protocol is necessary to avoid any bias caused by the ingestion of high quantities of coffee or fat, for
example, prior to the experiment. Some of the protocol steps are the following (Kandlikar, et al., 2017):

1) Large meals, excessive consumption of beverages such as tea or coffee, as well as smoking and alcohol

consumption, should be avoided prior to examination;

2) Avoid factors that may affect the thermogram, including sunbathing (up to five days prior to examination) and

application of cosmetics, lotions or antiperspirants;

3) The patient should be in the examination room for at least 15 minutes prior to examination, in loose fitting cloths

to get acclimatized to the environment;

4) The room temperature should be maintained between 18 °C and 25 °C.

It was also noted in the literature (Kandlikar, et al., 2017) that the cooling of the region under study increases the
contrast, since the natural reheating of each organ may vary, because of the different thermophysical properties,
metabolism, perfusion rate, etc. Thus, the neck of the volunteers was cooled for 3 minutes with a piece of cloth that was
previously placed in the refrigerator at a temperature around 15 °C.
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Figure 2 presents a sample image of the procedure developed herein. The temperature scale is located to the right of
Fig. 2, which represents the color palette associated to this image. The lighter colors are equivalent to the higher
temperatures, whereas the darker colors represent the lower temperatures.

Figure 2. Thermographic image of a volunteer.

Figure 2 shows that specific differences may exist for each region of the body, which are influenced by internal organs
and its characteristics in terms of heat exchange with its neighbor elements, like the trachea, with a high flow rate of cold
air, and great veins, muscles and arteries from the neck. These are precisely the behavior that will be explored in this work
for the detection of the thyroid. It can also be observed in Fig. 2 that a post processing technique should be performed to
extract relevant information for the detection of possible pathologies. Two standard image processing techniques was
used in this work to enhance the contrast of the gray level image, namely the histogram equalization and the contrast
limited adaptative histogram equalization (CLAHE) (Russ, 2002; Acharya and Ray, 2005).

In an image with low contrast, many pixels occupy a small region of the available range of intensities. By properly
modifying the histogram, each pixel can be reassigned with a new intensity value so that the dynamic range of gray levels
is increased. The principle is to stretch the dynamic range of the pixel values in such a way that the lighter pixels may
turn still lighter and the comparatively darker pixels will be darkened, providing an image with an increased contrast. The
so-called histogram equalization is a technique where the gray scale of the input image is tuned by converting its gray
level histogram onto a uniform histogram. In a statistical sense, the information provided by an image is related to the
probability of occurrence of gray levels in the form of a histogram of the image. By uniformly distributing the probability
of occurrence of gray levels in the image, it becomes easier to distinguish the information content of the image (Acharya
and Ray, 2005).

It is important to mention that the process of image enhancement does not increase the information content of the
image data. It increases the dynamic range of the chosen features (contrast for example), aiming at improving the visual
detection of the image features (Acharya and Ray, 2005; Hummel, 1977). In this regard, image processing is like word
processing or food processing. It is possible to rearrange things to make a product that is more pleasant or interpretable,
but the total amount of data does not change. In the case of images, this generally means that the number of bytes (or
pixels) is not reduced (Russ, 2002).

An example extracted from Mathworks (2018) will be presented to illustrate this method. As it can be seen from Fig.
3.3, the contrast between the photograph of the tire and the snow stains is very poor. The associated histogram (to the
right of Fig. 3.a) of this image shows that there is a peak in the black region of the image, coded with the lower range of
gray levels, to the left of the histogram. If we spread out all the available information provided by the gray levels, as
presented in Fig. 3.b, it can be observed that now all the details of the image are presented more clearly, showing that just
by properly manipulating the data it is possible to enhance the overall perception of the image.
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Figure 3. Example of the histogram equalization method. (a) Original image with its associated histogram and (b), the
same image with its histogram converted to a normal distribution (Mathworks, 2018).
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Image enhancement techniques are divided into two main categories, in terms of the spatial and frequency domains.
For the first case, the manipulation is performed directly on the pixels of the image. For the frequency domain techniques,
the idea is to modify the Fourier transform of an image (Gonzales and Woods, 1992). The histogram equalization
technique falls into those of the spatial domain.

Spatial domain processes can be denoted by the expression (Gonzales and Woods, 1992):

9(xy) =TLf(x )] 1)

where f(x,y) is the input image, g(x,y) is the processed image, and T is an operator on f, defined over some region (x,y).
The simplest form of T is when the region is of size 1x1 (that is, a single pixel). In this case, g depends only on the value
of fat (x,y), and T becomes a gray-level transformation function of the form

s=T(r) @

where, for simplicity in notation, r and s are variables denoting, respectively, the gray level of f(x,y) and g(x,y) at any
point (x,y) (Gonzales and Woods, 1992). Larger regions allow considerably more flexibility. The general approach is to
use a function of values of f in a predefined neighborhood of (x,y) to determine the value of g at (x,y). One of the principal
approaches in this formulation is based on the so-called masks (or filters, kernels, templates or windows). Basically, a
mask is a small (for example 3x3) 2-D array, such as the one shown by Fig. 4, in which the values of the mask coefficients
determine the nature of the process, such as image sharpening. Enhancement techniques based on this type of approach
are often referred to as mask processing or filtering.

F’ >y
Image of f(x,y)
Origin
4 (x\,v)
;

Figure 4. A 3x3 neighborhood about a point (x,y) in an image.

The histogram of a digital image with gray levels in the range [0,L-1] is a discrete function h(ry)=nx, where r is the
kth gray level and ni is the number of pixels in the image having gray level r¢ and L is the number of gray levels (256 in
an 8-bit image, for example). It is common practice to normalize a histogram by dividing each of its value by the total
number of pixels in the image, denoted by n. Thus, a normalized histogram given by p(r«)=n«/n, for k=0,1,...,L-1. Hence,
p(r«) gives an estimate of the probability of occurrence of gray level ry. It is to be noted that the sum of all components
of a normalized histogram is equal to 1.

The gray levels in an image may be viewed as random variables in the interval [0,L-1]. The probability of occurrence
of gray level ry in an image is approximated by

p.(5) ="/ k=012,..,L-1 @)

where n is the total number of pixels in the image and ny is the number of pixels that have the gray level ry, and L is the
total number of possible gray levels in the image. In addition, a transformation function (Eq. (2)) of particular importance
in image processing has the form (Gonzales and Woods, 1992):

S =T(rk)=2k‘, p.(r)k=012,.,L-1
N (4)
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where p(r) denote the probability density functions (PDF) of the random variable r. The right hand side of Eq. (4) is
recognized as the discrete cumulative distribution function (CDF) of random variable r. By combining Eq. (4) (the
transformation function) with Eq. (3) (the probability of occurrence of each gray level of the original image), one obtains
(Gonzales and Woods, 1992):

Sk=T(rk)=Zk:pr(rj)=in%,k:0,1,2,...,L—1 ©)

It cannot be proved in general that this discrete transformation will produce the discrete equivalent uniform probability
density function, which would be a uniform histogram. However, the use of Eq. (5) does have the general tendency of
spreading the histogram of the input image (Gonzales and Woods, 1992).

Although the above method is simple, it does not take into account local details. Large peaks in the histogram can be
caused by uninteresting areas, such as background noise. In this case the global histogram equalization has the undesired
effect of overemphasizing noise. The technique does not adapt to local contrast requirements; minor contrast differences
can be entirely missed when the number of pixels falling in a particular gray range is small (Russ, 2002; Zuiderveld,
1994). Histogram equalization can also be performed locally, where the equalization is based on the histogram of the
portion of the image under a two-dimensional sliding window that is centered over the pixel in the center of the rectangular
region and its gray level is modified by equalization procedures (see Fig. 4). The process of local equalization enhances
the contrast near edges, revealing details in both light and dark regions (Russ, 2002; Zuiderveld, 1994).

When the histogram equalization is applied in such windows, it is called Adaptative Histogram Equalization (AHE).
This method first appeared in the 70”s and was developed by a research group from the Hughes Aircraft Company. It was
developed at that time for cockpit displays, because they suffered from poor quality (Ketcham, et al., 1974). Of course,
in the 70"s the capabilities of onboard computers for airplanes required a cheap computational method for image
enhancement. This is one of the advantages of the AHE: It is extremely fast (for the small number of bits and pixels at
that time) and easy to implement and could work at TV rates. The images used were digitized from a flying spot scanner,
a digital scan converter and radar direct recording. It is also interesting to mention that in this same work, Ketcham et al.
(1976) already mentioned the use of the AHE for infrared imaging. The main issue was the restriction of dynamic range
of the cathode-ray tubes. The infrared imaging had a much broader dynamic range, and information was lost because of
saturation and compression of the video (Ketcham, et al., 1974).

Later, in 1986, Pizer et al. (1986) developed the Contrast Limited Adaptative Histogram Equalization (CLAHE). If
the image has a great area of background or any other homogeneous region, even with a local approach for the histogram
equalization, the noise may be overemphasized. The transformation function (Eg. (5)) might lead a limited range of input
intensity values of noise (or background) to a wide range of output intensity values. But limiting the maximum of contents
of the histogram bins will limit the amount of contrast enhancement, and consequently the enhancement of noise (Pizer,
etal., 1986). After clipping the histogram, the pixels that were clipped are equally redistributed over the whole histogram
to keep the total histogram count identical, as shown in Fig. 5 (Zuiderveld, 1994).

# of pixels # of pixels
F 3 r 3
Clipping
Ievel
Recorded Recorded
intensity Redistributed intensity
clipped values

Figure 5. Histogram clipping procedure for the CLAHE implementation. Extracted from (Pizer, et al., 1986)

In order to precisely determine the thyroid region for each volunteer, ultrasound exams were performed by Dr. EImo
Pereira Junior, at Paulo Niemeyer Brain Institute was performed. Figure 5 shows one of the volunteers being examined
by Dr. Pereira, and the portable equipment used for the ultrasound imaging, namely the SonoSite M-Turbo.
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Figure 6. The ultrasound exam and the portable device used

The resulting thyroid region for volunteers P1, P2 and P3 are presented in Fig. 6.a, Fig. 6.b and Fig 6.c, respectively.
From this image, it can be observed that specific characteristics makes the geometric shape of the organ to change
drastically. Therefore, the ultrasound exam is a crucial validation procedure, since there is no standard shape and location
for the thyroid.

Ea{gure 7. The resulting thyroid region for th)volunteers (@) P1, (b) P2 and (c) P3
3. RESULTS

The images obtained with the infrared camera were processed and combined with the photos taken from the regions
of the thyroid gland, obtained with the ultrasound exam. Figures 7.a-c (volunteers P1, P2 and P3 respectively) show that
there is a region in the thermographic image which presents a pattern in very good agreement with the information
provided by the ultrasound exam, despite the different shapes of the thyroids of the different volunteers.

Figure 8. The resulting superimposing of the thermographic image and the photo of the thyroid region for the volunteer
(a) P1, (b) P2 and (c) P3
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In order to avoid non-interesting regions and focus just on the area of the thyroid gland, a trim in the infrared images
was performed. Figure 8.a-c presents the regions that will be evaluated from this point on, for volunteer P1, P2 and P3.
The black rectangle in each volunteer highlights the region where the infrared image will be evaluated.

Figure 9. The regions of the image that will be evaluated for volunteers (a) P1, (b) P2 and (c) P3

For the thyroid region determination, both the histogram equalization and the contrast limited adaptative histogram
equalization (CLAHE) techniques were used. Figure 10.a-c (volunteers P1, P2 and P3 respectively) presents the results
obtained for the histogram equalization technique, for the region delimited in Fig. 9.a-c. It can be observed from these
figures that the contrast was enhanced at the location of the thyroid gland, but since the histogram equalization takes into
account the entire image information for the enhancement, details of the contrast can be lost when the number of pixels
falling in a particular gray range is small. Therefore, the CLAHE will also be applied in this work as described next.

Figure 10. Histogram equalization at the thermographic images for the volunteer (a) P1, (b) P2 and (c) P3.

The CLAHE has two main parameters to be tuned prior to the application of the method: The number of windows and
the clipping limit. The number of windows defines the number of tiles that the original image will be divided for the
histogram equalization. A large number of windows makes them very small and the contrast will be very sensitive to
point variations, in special to noise. In addition, the computation time will increase, since more data is needed to be
computed. The clip limit is related to the clipping level, which restrains the weight of pixels that represents high peaks in
the histogram. These are generally uniform regions representing areas of small interest, such as background or uniform
areas with low signal-to-noise ratio. The number of these pixels should be clipped to allow other meaningful pixels for
the interpretation of the image to be taken into account. In practice, the clipping limit restricts the contrast enhancement.
A high clipping limit results in the standard AHE, i.e. no clipping. The clip limit set to 0 would uniformly distribute the
image pixels across the entire histogram, which would result in the lowest possible contrast value.

Figure 11 shows the image enhancement obtained with 2x2, 2x4, 2x6, 4x2, 4x4, 4x6, 6x2x 6x4 and 6x6 tiles,
respectively (m x n tiles means that the image has m tiles in the x direction and n tiles in the y direction), for the region
presented in Fig. 9.c. This figure show that 4x6 and 4x4 tiles result in the best compromise between the contrast and the
noise magnification of the image. The 4x6 window was then chosen for this particular image (volunteer P3). Finally, as
described above it can be seen that for the 6x6 tiles, the noise is much more noticeable than the 2x2 tile.
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3

Figure 11. Variation of the size of the window for the CLAHE algorithm, and the impact on the contrast enhancement of
the infrared image.

The clipping limit was also evaluated in order to define the best contrast of the image, as presented by Fig. 12. Clipping
values of 3, 5, 8, 10, 13, 15, 18 and 20, as well as no clipping, were tested. It can be show from this figure that the clipping
values used for this image did not limit the noise, since the image does not have a homogeneous background or any region
that could justify the limitation of bins for some specific gray level. It is important to emphasize that each image has its
particular parameters, and each volunteer should have their contrast analyzed.
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Figure 12. Variation of the clipping limit for the CLAHE algorithm, and the impact on the contrast enhancement of the
infrared image.

Figure 13.a-c shows the resulting CLAHE performed for the infrared image for volunteers P1, P2 and P3, respectively,
for the region described in Fig. 9.a-c. These figures show that the contrast between the thyroid gland and its surrounding
organs could be greatly enhanced (see also Fig. 7.a-c) when using the local technique CLAHE, instead of the equalization
of the entire image that what is presented by Fig. 10.a-c.

Figure 13. CLAHE in the thermographic images for the volunteer (a) P1, (b) P2 and (c) P3.

4. CONCLUSIONS

The present work aimed at the presentation of the preliminary results obtained with image processing techniques for
the detection of the thyroid gland. Infrared images were obtained with three volunteers, by following a protocol that was
developed in this work. The measurement protocol is important to avoid any external factors that affect the temperature
measurements. The position and shape of the volunteers” thyroid were precisely determined with ultrasound exams. The
global and the local histogram equalization techniques were applied to the thermographic image. Although an increase in
the image contrast could be observed with the histogram equalization, the use of the contrast limited adaptative histogram
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equalization provided images with enhanced contrast that could be used for the identification of the thyroid. Such was the
case because local details were lost with the global enhancement, but not with the contrast limited adaptative histogram
equalization. The infrared images with the contrast limited adaptative histogram equalization image processing resulted
in an accurate detection of the thyroid for the three volunteers studied in this work, which was validated with the
ultrasound exams.

Future works will deal with the segmentation of the image using clustering algorithms, aiming at the autonomous
detection of the thyroid gland with infrared images enhanced with image processing techniques.
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