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Abstract
Introduction: Today's world allows digital images to be downloaded and stored. Computer image processing
systems have been developed to make these actions faster and more accurate, especially in medical engineering.
Many diseases, including brain tumors, cancers are identified and estimated by benefiting of the image
processing.
Objective: In this paper, a proposed algorithm for detection the thyroid cancer is presented.
Material and Methods: To this end, a few images of thyroid cancer are collected, and then these images are
converted to jpeg format. After that, these images are called and converted into a matrix using MATLAB
software. The obtained matrix is normalized and then, the noise of these images are removed. Next, the
highlighted areas are defined by a threshold value. By summing up this highlighted value and negation of the
original images, the cancerous area is determined.
Results: The results of the five images illustrate that the accuracy of the algorithm for the detection of thyroid
cancer is 93.5% that show an improvement of 3-7 % than other works. Furthermore, sensitivity, specificity, and
F-score, Mathew Correlation Coefficient (MCC) are 62%, 93.2%, 92.2%, and 86.4%, respectively, for the
proposed method.
Conclusions: The method is a simple way and owns an acceptable accuracy that can be used for the detection
of thyroid cancer in a portable computer. As the images show the cancerous parts have lighter pixels than noncancerous parts that the feature is used for separating the cancerous part of the thyroid gland from non-cancerous
parts.
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researchers to discover patterns for diagnosing
diseases, in addition to industrial ones. Data mining
systems can explore patterns in medical data and
improve the decision-making process, thereby
affecting the cost of treatment and improving the
quality of health care [15-21].

1.
Introduction
The thyroid gland is one of the vital glands of the body
that indirectly affects all body organs such as the
heart, kidneys, and so on [1]. The butterfly gland is
located in the neck and in the front of the larynx [2].
The thyroid gland produces the thyroid hormone
using iodine in foods and controls the rate of
metabolism (the metabolism is the system by which
the body uses its energy) [3]. The thyroid function is
regulated by the pituitary gland located in the brain,
which means that the thyroid hormone production is
controlled by the pituitary gland [4].

Image processing is now increasingly referred to as
digital image processing, a branch of computer
knowledge that deals with digital signal processing,
representing images taken with a digital camera or
scanned by a scanner [22]. The processing images has
two major branches improving images and vision of
the machine. Improving the images involves
techniques such as using a fader filter and increasing
contrast to improve the visual quality of images and
ensure that they are displayed correctly in the
destination environment (such as a printer or
computer display), while the machine vision is in
ways that can perceive the content of the images and
their means for using them in robotics and image axes
[23]. In the specific mean of the image processing, it
is any kind of signal processing that enters an image,
such as a picture or a scene from a movie. The output
of the image processor can be an image or a set of
special characters or image variables. Most image
processing techniques include dealing with the image
as a two-dimensional signal and employing standard
signal processing techniques on them [24]. Image
processing often refers to digital image processing,
but optical image processing and image analog also
exist.

Thyroid disorders can slow down the body
metabolism. When the level of hormones is very low
or very high, symptoms of this disorder are seen in the
hypothyroidism or hyperthyroidism [5]. The most
common thyroid disease comprises hypothyroidism,
hyperthyroidism, thyroid enlargement (goiter),
thyroid masses, thyroid cancer and thyroid
inflammation (thyroiditis) [5]. Hypothyroidism or
hyperthyroidism are the underlying causes of other
illnesses in many cases. For example, high sugar and
high fat can both be caused by hyperthyroidism, while
hypothyroidism emerges with iodine deficiency in the
body that leads to goiter disease [6]. Thyroid
hypothyroidism is 3 times more common in Iranian
newborns than in European countries [7]. Moreover,
elderly people and women suffer from poor thyroid
function than other people. Interpreting the results of
laboratory tests for older people or pregnant women,
or everyone who consumes other medicines or
patients who are in special medical conditions is In this paper, a simple algorithm for the detection of
difficult [8-10].
thyroid cancer based on image processing is
Thyroid disease is one of the most commonly presented. At first, a few images of thyroid cancer are
diagnosed diseases in the world today. Failure to collect from [25] and then converted to jpeg format.
check any of the thyroid disorders can lead to serious After that, these images are called and converted them
complications. Several studies have been done in this into a matrix. The obtained matrix is first normalized,
regard and have achieved a well-defined diagnostic and then, by defining the threshold values in original
accuracy [11-15]. In a study [14], using an algorithm and negative images, the cancerous areas are
that was called hierarchical method has been separated than parts that are not cancerous. As the
attempted to increase the accuracy of the diagnosis of results prove, the cancerous parts have lighter pixels
thyroid disease. This algorithm is based on the than non-cancerous parts that with having such
behavior pattern that the specialist trained to diagnose character (brighter), the threshold values are selected.
thyroid disease and aimed to diagnose the type of Moreover, the result illustrated having the accuracy of
thyroid disease (hypothyroidism, hyperthyroidism). the proposed method is 93.5% that in comparison to
Recently, data mining techniques have attracted many [26-27] an improvement of 3-7% was made.
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Figure 1: The proposed algorithm for cancer detection
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2.
Material and Method
2.1. The proposed Method
In order to detect thyroid cancer by image processing,
first, several images of the thyroid cancer are
collected with the help of special software. Five
images are collected from [25] and then called in
MATLAB software. After calling, it is necessary that
these images reach to high-quality (pre-processed).
To this end, the images are passed in a rotational mean
filter. This rotational mean filter measures the average
rotating neighboring points to reduce the noise effect.
After that, the cancerous area is highlighted. In order
to determine the highlighted area, the threshold value
for this area is set. For this purpose, the area is started
with an initial threshold value and the threshold
change until maximum bright pixel is obtained
(Segmentation).
As the obtained images show, the cancerous area
appears white in color than in other areas. Thus, it
should be better all the entry in the proposed
algorithm are compared with the threshold value that
is closer to the color of the light. In this paper, this
value is set several times, and so it is experimental and
its value is 190 (edge detection or edge detection). If
the value of the entry is greater than this value, then it
shows that the entry is related to the non-cancerous
area, and the value to 255 is set in the entry. If the
value of the entry of this value is less than the edge,
then the value of the entry is converted to 0 in this new
tab. According to this, a highlighted image have been
made.

2.2. Determining
important
statically
parameters
It should be noted that in order to obtain accuracy, a
four-entry matrix after identifying the highlighted
area is presented. As it is mentioned earlier, although
the highlighted area is started with an initial value, it
reaches an optimum threshold value after several
repetitions (having maximum light pixels). In this
situation, the four-entry matrix (confusion matrix) is
defined that its entries differ for every image. In the
mentioned matrix, the first entry (Tp) is the number
of bright pixels, the second entry (Fp) is the pixels that
are not bright but are inclined to be bright. In the third
entry (Fn), the number of pixels that are inclined to
dark, and in the fourth entry (Tn), the number of dark
pixels is considered. Table 1 shows the confusion
matrix and its entries for the method.
Table 1: Confusion matrix
Estimated Value
Real value

Tp

Fp

Fn

Tn

The values of this matrix are for obtaining the
following parameters: the accuracy, specificity,
sensitivity, F-corse, and MCC can be defined as
follows:

As it is mentioned earlier, the entries of the matrix
contain values from 0 to 255. In order to the negation
of the image, the original image is subtracted from the
value of 255. Again, mandatory setting the threshold
value in the negation image for having the highlighted
image in negation state (segmentation). First, an
initial threshold is chosen and then the value is
repeated until having maximum light pixel in the
stage. Now, this image, which is taken from the
negation of the image, is summed with the image of
the previous step. After negating this outcome, the
cancerous area is extracted. Figure 1 shows the
proposed algorithm to identify the cancerous area.
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Where TP is true detection of bright pixels in images
using test results, FP is false detection of bright points
in the image using the test results, TN is true detection
of dark spots in images using test results and FN is
false detection of dark points in images using the test
results.

example, the photo shown in Figure 2, has 290 rows
and 401 columns. Each of these entries of the matrix
actually represents pixels of the image for us. It
should be noted that these images are taken manually
with the help of the Snip tool software, resulting in the
difference of entry of the matrix. If we draw the
original image, we will have the Figure2, in which the
entry of this matrix will have different values from 0
to 255. The value of 255 means the color of black and
the more distances than 0 means closer to the white
color.

Accuracy, in fact, indicates the degree of
measurement to the actual value. Here, accuracy is the
detection of more cancerous points or brighter pixels.
Sensitivity means that our test how much have been
able to select bright pixels. In other words, the
sensitivity is the number of bright pixels is correctly
selected by the test rather than the whole of the bright
and dark pixels that are correctly selected. Specificity
is the ability to test for the correct selection of images
that do not have dark pixels.
In the statistical analysis of the binary classification,
the F-score is a measure of the accuracy of the test.
Both the accuracy p and the reminder r compute the
test for calculating the score. In Fact, p is the number
of correct positive results divided by the number of all
classified positive results and r is the number of
correct positive results divided by the number of all
relevant instances (all examples should be positive).
F-score is the mean harmony of accuracy, while the
best F-score is at 1 (full accuracy) and the worst at 0.
The Mathew Correlation Coefficient (MCC) is used
in machine learning as a two-class classification
coefficient (two classes), introduced by W. Matthews
in 1975. It considers positive and negative both true
and false and is generally regarded as a balanced
measure, which can be used even if the classes are of
very different sizes. MCC is basically a correlation
coefficient between the observed and proposed binary
classifications and is expected to return values
between -1 and +1. The +1 coefficient represents the
complete prediction, 0 is not better than a random
prediction, and -1 indicates a general disagreement
between prediction and observation.

Figure 2: Image of thyroid cancer from [25].

Figure 3: the filtered images using the rotational filter and
setting image resolution.

3.
Results & Discussions
In order to detect thyroid cancer with the help of
image processing, we need to collect the cancer
images from [25] with the help of special software
such as Snip tools. Then, we call the images in the m.
file. As we know, photos are two-dimensional. For
11
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In order to create an image data set for the input of
image processing, RGB images were used. The first
step in the image processing method for detection of
the thyroid cancer is to pre-process in which increases
the quality of the input images for further analysis.
Pre-processing is performed to eliminate any existing
noise or interference. In other words, it is making
images to get better results. In a similar way, the
proposed method for detecting cancer relies on
reducing the noise of the images at first, increasing the
accuracy of the work and identifying the cancerous
area with higher precision.
If the obtained images are colored, we turn them to
the black and white for simplifying in the analysis.
After that, we pass these images from a rotating filter
to reduce their noise. The rotating filter is two orders,
whose function is to improve image quality in order
to increase accuracy. With the help of the filter, the
image is filtered. The image after passing the filter
with the order of 2 will be as Figure 3.

Also, the quality of the image increases using the set
of image resolution. In addition, the edges are
sharpened, which will help to further enhance the
image quality. Now, the existing noises are
minimized and the image can be used for further
analysis. If the image of Figure 3 is negated, Figure 4
will be obtained.
Then, the highlighted area is defined as that has
mentioned in the material and method section. In
other words, if one entry is more than 190, the entry
is associated with black. If the entry value is lower
than 90, the entry is associated with white. By
considering Figure 4 and 3, two highlighted area is
obtained. After acquiring the highlighted area from
two figures, Figure 5 is extracted by summing up two
highlighted area.
It should be noted that the other values from140 to
190 are for expanding the accuracy in the work for
obtaining Fn in the mentioned confusion matrix while
the values from 90 to 140 are associated with Fp.
Also, the value of more than 190 is related to Tn and
the value of lower than 90 is related to TP. The
amount of white area is manually selected. By setting
this value and checking it in a repeating loop, most
white pixels are selected which indicate the accuracy
of the proposed method. By negating the Figure 5,
Figure 6 is obtained. Thus, the cancerous area was
estimated.
Now, the number of bright pixels for determining
precision was manually selected, that was described
in the previous sections. In order to reach a high
precision, the method was examined 100 times for
finding and extracting maximum bright pixels based
on threshold values. If the pixel is white, one unit is
added to the entry of Tp. If the pixel is black, one
value is added to the entry of Tn. If the pixel tends to
white, a single unit is added in the entry of the Fn, and
if the pixel tends to black, one unit is added in the
entry of the Fp. Finally, the obtained values for this
image will be as follows:

Figure 5: The highlighted area that is associated thyroid cancer

Tp=28868 , Fp= 3048 , Fn=3078 , Tn=81006

Figure 6: The negative image of Figure 5

The obtained values with the help of the equations 15 at the end of material and method will be as follows:
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