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Abstract—The article is devoted to the intelligent diagnosis of thyroid tumors, the diagnosis of papillary 

thyroid cancer based on general information, ultrasound images, and pathohistological images. It examines 

modern approaches to the intelligent diagnosis of thyroid tumors using machine learning and artificial 

intelligence methods. The types of medical intelligent systems, their architecture, accuracy, and the set of 

tasks they perform for the classification of thyroid cancer are considered. The problems of papillary thyroid 

cancer are considered, the specifics of the disease and the signs by which it is diagnosed are described. The 

main tasks of an intelligent system capable of automatically analyzing patient medical data and supporting 

clinical decision-making by an endocrinologist, segmenting and classifying thyroid tumors are outlined. The 

equipment used to form the training sample is described, and the process of data collection for building an 

intelligent medical system is described. The task to be solved is set. The metrics by which the accuracy of the 

intelligent medical system will be evaluated are characterized. The architecture of the intelligent medical 

system is presented, its main blocks are characterized, and the functionality of each block is described. A 

UML diagram is presented, according to which the intelligent medical system will operate. The data that 

will be used to form the training sample is presented, indicating its type, dimension, how the data is 

collected, and how this data will be used to train the intelligent medical system. The results of the study are 

aimed at improving the effectiveness of early detection of thyroid pathologies and reducing the number of 

false diagnoses, creating a convenient tool that will reduce the time it takes for a doctor to diagnose the 

disease and increase the accuracy of diagnosing papillary thyroid cancer. 

Keywords—Artificial intelligence; machine learning; neural networks; medical intelligent systems; 

thyroid cancer; tumor diagnosis. 

I. INTRODUCTION 

Thyroid cancer (TC) is a dangerous oncological 

disease. In 2021, more than 2 million cases of TC 

were registered, with a prevalence of up to 23.1 

patients per 100,000 people [1] – [4]. The etiology 

of TC has not been definitively determined, but there 

are a number of factors that increase the risk of the 

disease: 
1) the effects of ionizing radiation, especially in 

childhood; 

2) genetic mutations, in particular RET 
mutations in medullary cancer; 

3) chronic thyroid diseases, such as thyroiditis or 
goiter; 

4) excess body weight and obesity, which are 
considered possible risk factors; female gender and 
certain age groups where the risk increases [5] – [8]. 

According to WHO data, TC ranks 7th in terms 

of prevalence and 24th in terms of mortality among 

other cancers, with a high survival rate (over 99% 

five-year survival rate for localized papillary 

carcinoma). In Ukraine, a similar trend in the 

incidence of TC was observed between 2001 and 

2019 [9] – [12]. 

Thyroid cancer negatively affects the quality of 

life of patients. Treatment and follow-up of patients 

with TC are lengthy and require significant 

resources. After thyroidectomy, patients require 

lifelong hormone replacement therapy, regular 

monitoring of thyroid hormone and thyroglobulin 

levels, and follow-up instrumental examinations. 

This results in a significant financial burden for both 

patients and the healthcare system. Studies 

conducted in the United States indicate an increased 
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risk of financial hardship and possible bankruptcy 

among people undergoing treatment for TC [13].  

Thus, the study of TC, its prevention, and early 

diagnosis require improvement and new effective 

methods. 

II. PROBLEMS OF PAPILLARY THYROID CANCER 

Papillary thyroid cancer (PTC) is a well-
differentiated, slow-growing, localized tumor with 
the potential to metastasize. The disease is more 
commonly diagnosed in women aged 20–55 and 
much less frequently in men. In addition to gender 
and age, risk factors for papillary PTC include 
genetic factors and iodine deficiency. The main role 
in the development of papillary cancer is played by 
exposure to ionizing radiation, most often in 
childhood, which leads to malignant neoplasms. 
This includes radiation exposure to the head and 
neck (frequent X-rays). Doctors also note the 
influence of other factors, such as harmful habits 
(nicotine, alcohol), a sedentary lifestyle, and 
working in hazardous industries. Severe stress also 
has an impact [14], [15]. 

Most often, thyroid neoplasms are diagnosed 
using ultrasound (US) of the thyroid gland, which 
determines the parameters of the tumor and 
evaluates the associated lymph nodes in the neck to 
detect metastasis. US allows detecting thyroid 
nodules suspicious for cancer and prescribing fine 
needle aspiration biopsy (FNAB) to determine the 
type of neoplasm. During this procedure, a thin 
needle is inserted into the nodule under ultrasound 
or palpation guidance. Cells from the nodule are 
aspirated and examined by a cytologist. PTC can 
have different macroscopic morphology, and its 
diagnosis is based on the study of the nuclear 
morphology of the neoplasm. Diagnostic features of 
nuclear morphology demonstrate a characteristic set 
of features by which PTC is classified (uneven 
nuclear contours, enlargement and elongation, 
clustering and overlapping, etc.) [16], [17]. 

As for treatment methods, the most effective 
approach for PTC is complete removal of the gland 
(total thyroidectomy). In some cases, only one lobe 
of the thyroid gland is removed (lobectomy), leaving 
the other half intact. If the tumor is found to be 
malignant, radioiodine therapy (RAI) is performed 
after surgery to ablate the remaining tissue. Both 
groups of patients, those who have undergone 
complete removal of the gland and those who have 
retained part of it, are under close postoperative 
supervision. The recurrence rate is usually 
significantly lower in patients who have had 
complete removal of the thyroid gland compared to 
those who have undergone lobectomy. 

Treatment of PTC may be accompanied by 

intraoperative and postoperative complications 

(aphonia, hypocalcemia, severe hypothyroidism, etc.). 

III. EXISTING METHODS 

Artificial intelligence (AI) technologies are 

increasingly being used in surgery, dentistry, and 

oncology, playing a significant role in the diagnosis 

and processing of medical information [19], [20]. 

The review shows how AI is used to detect, 

analyze, and predict PTC [21]. There are three main 

types of tasks that can be solved using AI: 

● classification (thyroid tumors are classified 

into one of several types depending on their 

histopathological characteristics and behavior); 

● segmentation (identification of the tumor area 

in the image with the elimination of noise and 

irrelevant information); 

● prediction (analysis of all patient data – 

genetic, lifestyle, radiation exposure, etc. – to predict 

the development of papillary thyroid cancer).  

To solve these problems, both supervised methods 

(neural networks, SVM classification algorithms, 

KNN) and unsupervised methods (K-means 

clustering, entropy-based classification) are used. 

Another study focused on predicting recurrences 

of differentiated TC. The main characteristics of the 

model were age, gender, smoking history, tumor 

properties, etc. The data was taken from the UCI 

Machine Learning Repository-383 records and 16 

different features. After preprocessing, the data was 

divided into training and test samples. The model was 

created based on the TensorFlow Keras API using 

sigmoid and ReLU activation functions. The model's 

accuracy was 98% on training data and 96% on test 

data, indicating good generalization ability [22], [23]. 

Another study used AI technologies to support 

doctors in diagnosing thyroid pathologies. AI was 

used to automate image analysis, personalize and 

optimize the management of patients with thyroid 

nodules, and determine the type of tumor. The study 

showed that the AI model is capable of classifying 

the stage of cancer and risk categories for thyroid 

cancer [24], [25]. 

There are also studies that allow the recognition 

of rare types of thyroid cancer. This model showed 

high accuracy on various metrics and solved the 

problem of insufficient data sets for rare types of 

malignant neoplasms [26]. AI tools also reduce the 

number of unnecessary express biopsies, are capable 

of performing multiomics, analyzing large data sets, 

and identifying potential biomarkers [27], [28]. 

There are various ways to apply AI to the 

diagnosis of malignant thyroid neoplasms. Several 
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studies analyze ultrasound images There is data from 

the analysis of 312,399 ultrasound images from 

49,952 patients using a deep convolutional neural 

network (Deep CNN), achieving an accuracy of 

86.5% and a sensitivity of 84.7%. Another study 

analyzed 18,049 images from 8,339 patients using 

TheNet algorithm, achieving an accuracy of 

92.2% [29], [30]. 
Papillary thyroid cancer can be dangerous 

because it can metastasize to local or distant lymph 
nodes. Therefore, predicting the spread of the 
disease is critically important. Some researchers 
analyzed ultrasound images of lymph nodes to 
diagnose metastases and predict their occurrence in 
patients with papillary carcinoma. The results 
showed high accuracy and stable performance on 
both training and test datasets [31]. 

It was found that radiologists who use AI to 
identify malignant tumors achieve higher 
classification accuracy than those who work without 
its help. According to this study, AI improves the 
accuracy of thyroid tumor analysis and classification. 
Artificial intelligence systems demonstrate accuracy 
and AUC values comparable to those of experienced 
radiologists – 84% and 75.3%, respectively. Thus, 
combining the experience of specialists with the 
accuracy of AI systems can significantly improve the 
quality of tumor diagnosis and classification [32]. 

Thus, machine learning and AI technologies 
work well for diagnosis, predicting treatment 
outcomes, planning therapy, automating ultrasound 
image analysis, eliminating noise, and improving 
image quality. The use of AI increases the 
productivity of doctors, which leads to more 
effective medical practice and increased 
profitability. However, the use of AI requires 
improvement, careful data labeling, and validation 
by medical personnel. In addition, the ethical aspect 
of AI use remains unresolved in cases of incorrect 
diagnosis of disease [33]. 

IV. TASKS OF THE INTELLECTUAL SYSTEM 

In order to formulate the tasks of the intellectual 

system, it is necessary to define the signs and criteria 

for diagnosing thyroid pathology, namely 
1) Patient complaints (fatigue, weight change, 

shortness of breath, neck pain, discomfort, excessive 
sweating, feeling hot). 

2) Biochemistry (thyroxine, triiodothyronine, and 
calcitonin). 

3) Test results. Identification of genetic 
predisposition to certain diseases. 

4) Medical history. The patient's history of 
diseases that may affect the development of thyroid 
cancer. 

5) Ultrasound examination. Ultrasound 
examination of thyroid nodules and search for 
suspicious nodules. 

6) Pathomorphological examination of tumor 
tissue removed during surgery diagnosis of PTC. 

The tasks of the intelligent system will be the 

initial processing of ultrasound images, noise 

removal, image filtering, highlighting suspicious 

nodes, and diagnosing papillary thyroid carcinoma. 

The intelligent system focuses on diagnosing 

papillary cancer specifically, as this type of cancer 

carries a risk of metastasis and further treatment 

depends on the type of tumor diagnosed. 

After diagnosing PTC, the intelligent medical 

system aims to assess the risk of metastasis based on 

the previous history of the disease's progression. To 

do this, the intelligent medical system will learn from 

images of pathomorphological preparations of 

tumors in patients who have undergone 

thyroidectomy. A retrospective analysis of the 

database of patients who have had metastasis in the 

past will also be performed. Timely detection of PTC 

can prevent further metastasis and allow radioiodine 

therapy to be prescribed to the patient after surgery. 

Segmentation of the tumor on the ultrasound image. 

Tasks of the intellectual system are 
1) Segmentation of the tumor on the ultrasound 

image. 

2) Classification of the identified tumor 
(papillary carcinoma – non-papillary carcinoma). 

3) Analysis of histological images. 

4) Predicting the presence of metastases based 
on histological images. 

V. PROBLEM STATEMENT 

Let X be the space of features used to diagnose 

papillary thyroid cancer. The class set consists of 

two values {0,1},Y   where 0 is not papillary 

thyroid cancer and 1 – is papillary thyroid cancer. 

Given a training sample of N observations 

      1 1 2 2, , , , , , ,n nD x y x y x y   

where (x1, y1) are independent realizations of random 

variables (X, Y) The goal of the task is to construct a 

classifier 

: {0,1}f X   

with minimal classification error. To evaluate the 

accuracy of the model, the following metrics will be 

used 

1) Accuracy (classification accuracy) 

(TP TN) / (TP TN FP FN),Accuracy       



 

34                                                                 

 

where TP is true positives; TN is true negatives
is true false positives; FN is false negatives.

2) AUC is the area under the ROC curve, which 
numerically evaluates the quality of the classifier in 
the range from 0 to 1. 

VI. ARCHITECTURE OF THE INTELLECTUAL 

The intelligent system consists of several blocks, 

each of which will process input data and generate a 

forecast. First, the system user interacts with the 

interface through which the patient's basic data is 

entered. Next, the control unit distributes the data 

between the main working units, which process the 

patient's basic data, ultrasound images, and 

histological images (if available). The ultrasound 

image processing unit diagnoses papillary cancer if 

present (segments the tumor on the general image), 

the general information processing unit provides 

metastasis predictions based on previous 

retrospective information, and, if histological images 

are available, the histological image processing unit 

provides information with an accurate diagnosis and 

the presence of metastases. The system units are 

shown in Fig. 1. Note that the system units that 

interact with images include noise removal, primary 

image processing, etc. 

Fig. 1. Overall system architecture

The system consists of six blocks
1) Graphical user interface – 

initial interaction with the user, where the user 
uploads patient data, ultrasound images, and 
histological images. 

2) Distribution block – a service responsible for 
distributing data between other services.

3) Ultrasound image processing unit 
responsible for diagnosing papillary thyroid cancer 
and segmenting tumors on ultrasound images.

          ISSN 1990-5548   Electronics and Control Systems  202

 

is true negatives; FP 
is false negatives. 

the area under the ROC curve, which 
the quality of the classifier in 

NTELLECTUAL SYSTEM 

The intelligent system consists of several blocks, 

each of which will process input data and generate a 

forecast. First, the system user interacts with the 

interface through which the patient's basic data is 

entered. Next, the control unit distributes the data 

between the main working units, which process the 

patient's basic data, ultrasound images, and 

histological images (if available). The ultrasound 

processing unit diagnoses papillary cancer if 

present (segments the tumor on the general image), 

the general information processing unit provides 

metastasis predictions based on previous 

retrospective information, and, if histological images 

, the histological image processing unit 

provides information with an accurate diagnosis and 

the presence of metastases. The system units are 

shown in Fig. 1. Note that the system units that 

interact with images include noise removal, primary 

 

Overall system architecture 

he system consists of six blocks.  
 responsible for 

initial interaction with the user, where the user 
uploads patient data, ultrasound images, and 

a service responsible for 
distributing data between other services. 

Ultrasound image processing unit – a unit 
responsible for diagnosing papillary thyroid cancer 
and segmenting tumors on ultrasound images. 

4) Histological image processing
that examines the morphological structure of the 
tumor and determines whether the tumor will 
metastasize to local or distant lymph nodes.

5) General information processing unit 
that predicts tumor metastasis based on general 
information (gender, patient age, tumor size, etc.).

6) Results block – a block responsible for 
presenting results from all other services.

Thus, all blocks of the intelligent medical system 

are described, and the responsibilities of each block 

are outlined. 

VII. FORMATION OF THE 

An intelligent medical system has several data 
sources from which it will learn to perform the tasks 
described above. During the examination, the doctor 
interviews the patient to find out general 
information, such as medical history 
medical history, age, gender), asks if the patient has 
any complaints of typical symptoms of Laryngeal 
Cancer (cough, pain when swallowing, voice 
changes). The doctor then performs a visual 
examination for the presence of lumps in the neck. 
This is followed by an ultrasound scan to identify 
suspicious nodes. In this way, ultrasound images of 
tumors that were later diagnosed as 
FNAB) were collected in tht 

Below (Figs 2 – 4) examples of ultrasound 
images with PTC are presented.

Fig. 2 mage of a thyroid tumor

Fig. 3. Papillary thyroid cancer
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Histological image processing unit – a unit 
that examines the morphological structure of the 
tumor and determines whether the tumor will 
metastasize to local or distant lymph nodes. 

General information processing unit – a unit 
that predicts tumor metastasis based on general 

n (gender, patient age, tumor size, etc.). 

a block responsible for 
presenting results from all other services. 

Thus, all blocks of the intelligent medical system 

are described, and the responsibilities of each block 

OF THE TRAINING SAMPLE 

An intelligent medical system has several data 
sources from which it will learn to perform the tasks 
described above. During the examination, the doctor 
interviews the patient to find out general 
information, such as medical history (the patient's 
medical history, age, gender), asks if the patient has 
any complaints of typical symptoms of Laryngeal 
Cancer (cough, pain when swallowing, voice 
changes). The doctor then performs a visual 
examination for the presence of lumps in the neck. 
This is followed by an ultrasound scan to identify 
suspicious nodes. In this way, ultrasound images of 
tumors that were later diagnosed as PTC (using 
FNAB) were collected in tht database. 

4) examples of ultrasound 
images with PTC are presented. 

 

mage of a thyroid tumor 

 

Papillary thyroid cancer 
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Fig. 4. Papillary thyroid cancer 

The tumor is diagnosed by an ultrasound doctor 

and classified according to a number of criteria, such 

as: content, echogenicity, hydrophilic border, 

calcification, shape, contour, vascularization, 

elastography data, etc. Thus, this dataset of 

ultrasound images with the identification of nodes 

characterized as PTC allows training an intelligent 

medical system to recognize malignant neoplasms. 

The ultrasound images were taken using a 

Toshiba Aplio 500 device (Fig. 5), which is 

approved by the Ministry of Health for diagnosing 

thyroid gland pathologies. This device has a sensor 

frequency of 7–12 MHz and supports the DICOM 

3.0 protocol, which meets the needs of the study. 

This device stores images with a resolution of 

1232×824 pixels and a bit depth of 24. 

 

Fig. 5. Toshiba Aplio 500 [34] 

Thus, the database corresponds to Table I. The 

input variables are age, gender, ultrasound image, 

and the output variable is the node class. Thus, the 

intelligent medical system aims to recognize 

papillary cancer on an ultrasound image and 

segment it on the image by drawing a circle with a 

different color. 

TABLE I. COMPONENTS OF DATABASE FOR MACHINE 

LEARNING 

Age Numerical 

Sex Categorical 

Ultrasound image Multimedia 

Thyroid nodule type 

(papillary cancer – 

non-papillary cancer) 

Categorical 

VIII. CONCLUSION 

Thus, the architecture of an intelligent medical 

system for diagnosing papillary thyroid cancer was 

presented, the main functional blocks were described, 

and their tasks were defined. The process of forming 

a training sample was described, and the tasks of the 

intelligent medical system were formulated. 
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В. М. Синєглазов, Р. С. Цимбалюк, В. В. Хазієв, Ю. В. Роєнко. Інтелектуальне діагностування пухлин 

щитовидної залози 

Статтю присвячено інтелектуальному діагностуванню пухлин щитовидної залози, діагностуванню папілярного 

раку щитовидної залози на основі загальної інформації, УЗД зображень, патогістологічних знімків. Розглянуто 

сучасні підходи до інтелектуального діагностування пухлин щитовидної залози із застосуванням методів 

машинного навчання та штучного інтелекту. Розглянуто види медичних інтелектуальних систем, їх архітектуру, 

точність та сукупність задач, які вони виконують для класифікації раку щитовидної залози. Розглянуто 

проблеми папілярного раку щитовидної залози, описано специфіку захворювання та ознак, за якими воно 

діагностується. Окреслено основні завдавання інтелектуальної системи, здатної автоматично аналізувати 

медичні дані пацієнтів і підтримувати прийняття клінічних рішень лікарем-ендокринологом, сегментувати та 

класифікувати пухлину щитовидної залози. Описано обладнання, з допомогою якого формувалася навчальна 

вибірка, описано процес набирання даних для побудови інтелектуальної медичної системи. Поставлено задачу, 

яка буде розв’язуватись. Охарактеризовано метрики, за якими буде оцінюватись точність інтелектуальної 
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медичної системи. Подано архітектуру інтелектуальної медичної системи, охарактеризовано основні її блоки, 

описано функціонал кожного блоку. Подано UML діаграму, за якою працюватиме інтелектуальна медична 

система. Подано дані, які будуть використовуватись для формування навчальної вибірки, вказано їх тип, 

розмірність, яким чином дані збираються, та як ці дані будуть використовуватись для навчання інтелектуальної 

медичної системи. Результати дослідження спрямовані на підвищення ефективності раннього виявлення 

патологій щитовидної залози та зменшення кількості хибних діагнозів, створення зручного інструменту, який 

скоротить час діагностування хвороби лікарем та підвищить точність діагностування папілярного раку 

щитовидної залози. 

Ключові слова: штучний інтелект; машинне навчання; нейронні мережі; медичні інтелектуальні системи; рак 

щитовидної залози; діагностування пухлин. 
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