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Abstract: One of the most comprehensive reviews of the medical image processing literature devoted to the detection of 

thyroid cancer. For individuals who are unfamiliar with the field, this survey serves as an introduction and a resource for 

those seeking an in-depth look at the relevant literature. The incidence of malignancies and hyperfunction have made 

thyroid cancer a major worry in recent years. As time goes on, the nodules grow more aggressive. Thyroid nodule 

categorization is made possible with the use of computer-aided detection and a variety of image processing techniques 

and approaches. Because of the expert's constant observations and the inherent uncertainty in medical knowledge, 

diagnostic imaging is an essential medical tool. To accurately identify and characterize abnormalities in the thyroid 

gland, a thyroid ultrasound is a more prevalent imaging technique. The use of a computerized method to extract and 

classify thyroid nodule features helps to reduce the likelihood of erroneous diagnoses while simultaneously increasing 

diagnostic precision. It is the major goal of this study to evaluate current approaches and techniques for the automated 

categorization of thyroid ultrasound pictures showing the key differences between the utilised strategies and also for the 

diagnosis of thyroid ultrasound images Nodules with their performance metrics. 

Keywords:-Nodules, thyroid, ultrasound, classification, cancer diagnosis, image processing. 

 

I. INTRODUCTION 

Located in the neck, the thyroid is a tiny gland that produces thyroid hormones. A hormone called T4 is 

produced by this gland and circulates throughout the body. Metabolic rate is regulated by thyroid hormone. 

Hormones are also released, which control a wide range of bodily activities. It is a kind of thyroid cancer that 

grows from the gland itself. 

In this condition, cells develop improperly and must spread throughout the body. Nodules in the neck's thyroid 

area are the earliest sign of thyroid cancer. Thyroid nodules affect 65 percent of individuals, yet only 10 percent 

of these nodules are malignant. By using computer-aided diagnosis (CAD), radiologists can detect malignant 

regions more quickly, ensuring that the right diagnosis is made. Thyroid medical pictures and misdiagnosis 

prevented illness have been the subject of several studies, with women being more likely than males to be 

misdiagnosed. Traditional diagnostic methods are being replaced by computer-aided diagnostic (CAD) systems. 

 
Examples of computer-aided diagnostic systems include the DSS (decision support systems) for diabetes, 

retinopathy, heart, thyroid, and so on. Thyroid cancer has steadily climbed over the previous three decades, and 

it is now the sixth most prevalent malignancy in women during the last year. The amount of imaging and 

clinical data generated as a result of the growing number of people suffering from thyroid illness is 

skyrocketing. As a result, patient data inspection by hand is labor-intensive, time-consuming, and subject to 

examiner bias and variation. Thyroid disease diagnosis, treatment, and management processes may be improved 
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By the use of computer-aided diagnostic systems. 

Thyroid glands, despite early anatomical alterations, need a thorough examination to determine their structural 

and functional statuses. Doctors have a great deal of difficulty in determining whether or not a patient has 

thyroid illness at the structural level because of the deceiving nature of normal readings with tiny changes. To 

avoid misdiagnosis, a thorough evaluation of the gland is essential since it is one of the most common issues in 

the healthcare profession. In these situations, accurate thyroid disease diagnoses are critical since certain of 

these kinds are more susceptible to cancer development. Thyroid cancer may spread via the lymphatic system or 

the bloodstream. Affecting the tissues around it is a possibility. 

 Tumours of the thyroid gland may be divided into several types based on histological features.

 Thyroid carcinoma with a papillary structure

 Due to familial adenomatous polyposis, they are seen in young girls.

 thyroid carcinoma of the follicular kind

 Cowden syndrome patients have this symptom.

 Para follicular thyroid cancer in the medulla.

 Thyroid anaplastic cancer

 Thyroid anaplastic carcinoma Pressure sensations are caused by a lack of response to therapy.
A. Simple Diagnostic Methods 

 
1. The physical examination is the first step in the process of diagnosing and treating a patient. 

2. Thyroid function may be measured using a temperature test, which is more accurate than other methods 

since the temperature is continuously updated over 4 to 5 days. 
B. Pathological Diagnostic Methods 

1) Thyroid Function Test-Blood test for this. It's a grueling procedure. 

2) Second, tiny needle aspiration biopsy with ultrasound guidance is very accurate. Using ultrasound 

guidance, a needle is placed in the afflicted areas of the body. 

3) Detection of immunofluorescences. 

4) Fluorescence or UV light was used to make it visible. 

5) Use a radioimmunoassay detection technology to do the test; 

6) Based on a blood test. 
 

C. Diagnosis by Imaging Methods 1)Radioiodine Scan 

Gamma rays are released into the body before the administration of radioiodine as an injection, liquid, or tablet. 

This form of energy is detected by the scanner. 

2) Ultrasonography 

As the transducer is placed on the neck, the transducer picks up the sound waves and sends them to the 

computer, where they are processed into a digital picture. They depict the internal organ's structure and 

movement, as well as the flow of blood via blood arteries, and they provide information about the thyroid 

gland's size, shape, and location. 

3) Positron Emission Tomography (PET scan) 

Tracker radiation is detected by PET and presented on the monitor. 

4) D.X-rays 
When tissue absorbs radiation differently, a film known as a radiograph captures pictures that are either 

bright or dark. 

5) E.CT Scan 

Compilation of many x-ray pictures is used to create cross tomography in computerized tomography. 

 

6) Fluoroscopy 

An examination of a patient's interior anatomy and function. Real-time moving pictures are obtained by the 

use of continuous x-rays. 

 

7) MRI(Magnetic Resonance Imaging) 
It is possible to use strong scanning magnets to draw the needle of a compass toward the protons in the body. Using short 

radio waves, the protons are thrown out of alignment in certain parts of the body. The signals from millions of protons in the 

body are combined to generate a detailed picture within the body, which helps identify distinct kinds of tissue in the body. 

When cancerous cells grow in the tissues of the thyroid gland, this is known as thyroid disease. A thyroid nodule that does 

not produce any symptoms is a sign of thyroid cancer. Thyroidectomy to remove the whole gland or its safe removal. 
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Surgery may be used to treat thyroid cancer if the tumour is small enough. 

 

 

II. LITERATURE SURVEY 

 
Chaunt al. [1] According to this study, thyroid modules were characterized as enlarged follicles, which is 

consistent with previous studies. Classification of thyroid disease using SVMs have been suggested. Features 

extracted from each ROI by the radiologist and biopsy were utilised to create a more accurate feature set for 

various types of thyroid nodules, including enlarged follicles, follicles, papillary cells, and follicular cells that 

had undergone the fibrosis. The SVM was trained by shifting the properties of the associated category. Six types 

of thyroid nodules have been identified using the categorization method. The intra-nodular vasculature was 

reconstructed in three phases by Roberto et al. [2] using 3-D contrast-enhanced ultrasonography. Once the 

picture has been processed, the morphological opening is done. It was based on thresholding and 3-D 

representation to handle volumes. Improved diagnosis is now possible with the introduction of CEUI (contrast- 

enhanced ultrasound imaging). To distinguish between benign and malignant nodules, CEUI distributes the 

micro bubbles into lesions by increasing the intranodularvasculature. 

Taken from the pictures of the thyroid. Classifiers for K-NN, PNN, and DeTr were all trained and tested using 

ten-fold cross-validation on the feature vectors generated. In Fine Needle Aspiration Cytology, Gopinath et al. 

[5] suggested a computer-aided diagnostic approach for the detection of thyroid cancer patterns (FNAC). The 

morphology of each area is used to test the samples. Various wavelengths and angles of the Gabor Filter bank 

are used to generate texture properties. Using a machine learning technique, the SVM can tell the difference 

between cancers that are benign and cancerous. The nonlinear classification was performed using the kernel 

method and high-dimensional inputs were mapped using an SVM classifier. SVM classifiers with training 

features outperform K-NN classifiers in automated diagnosis, as has been shown. Maria et al. [6] examined the 

spectral and envelope properties of high frequency signals in a mouse model. [6] The study by Maria and 

colleagues explored quantitative spectral and envelope-based criteria used to distinguish malignant thyroids 

from normal/non-cancerous thyroids in the mouse model. It was possible for the two-dimensional feature spaces 

to accomplish their functions. 

 

Classification. Effective acoustic concentration parameters were used to obtain the desired results. This acoustic 

concentration parameter was discovered to rise in malignant thyroids. Use of nonlinear classification and 

quantitative ultrasonic analysis were utilised in this study to identify the various kinds of malignant tumours 

Jianruri et al.[7] conducted a research comparing B-mode ultrasonography and elastogram to a bag. Using a 

computer-aided diagnostic method may enhance the detection and categorization of thyroid cancer. To get 

started, a B-mode vector image must be drawn. It is necessary to first create the elastogram and B-mode image 

feature vectors by projecting the ROI into concept space. Extraction and processing of the colour component 

takes place. Elastograms are used to extract statistical textural characteristics. Classification of the bags was 

completed using the conventional supervised approach. Thyroid nodules may now be classified using the 

Multiple Instance Method (MIL). The authors of Hanunget al. [8] had proposed a trial in which thyroid nodules 

would be removed. To alter the object's structure, median filtering and morphological methods are used to 

determine the ROI from the US image. To ensure that all pixels in a picture have the same level of brightness, 

histogram equalisation is used. For feature extraction, GLCM and GRLM (Gray Run Length Matrix) are used 

(GLRLM). Correlation Based Feature Selection subset assessment is used to pick features. Multilayer 

perceptron classifies pictures into cystic and solid categories for classification. This study employed machine 

learning methods to create classifier models for evaluating the diagnostic performance of thyroid nodule 

malignancies and benign nodules. The five-tier sonographic grading system was used to assign grades to 

ultrasound pictures and nodules. A finding based on a fivefold cross validation procedure. Use of the Bayesian 

network was followed by an SVM classifier trained using learning techniques from optimization theory that 

guided the output to input again. CLUSTERING: The RBF-NN approach was employed to find the RBF's centre 

using a clustering method. ROC curve analysis was used to compare the results. Proposed by Liu et al. [10] to 

diagnose thyroid nodules, ultrasound is an excellent tool. Proposed ultrasound image feature extraction approach 

based on CNN (Convolutional Neural Network). Conventional features such as the Histogram of Oriented 

Gradient and Local Binary Pattern (LBP) are mixed with deep features to create a hybrid feature space, which 

may be used to solve tiny issues. Hybrid classification is completed with the use of the last positive sample first 
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majority and feature-based technique. Extraction of features and comprehensive classification is accomplished  

 

 

Using a VGG-F model that was trained using data obtained from IMAGENET. Research by Yezhu et al. 

[11] Examined the issue of thyroid nodule categorization. Preprocessing of ultrasound pictures, image 

augmentation, and transfer learning categorization are all part of the total process. Extraction of Return on 

Investment (ROI) for data enhancement is the primary goal of preprocessing. employed two methods: the classic 

way, which augments data with direct pictures of the originals, and the convolutional method, which generates 

new images using a 3-layer convolutional network. Finally, a pertained residual net is used for final 

classification, and three experiments based on various datasets were run to assess performance. The final 

findings reveal that convolutional networks can generate fresh pictures of the thyroid. Thyroid nodules may be 

predicted using deep learning feature extraction and machine learning classifiers, as described by Xueyan et 

al.[12]. This method utilises convolutional autoencoders to extract valuable data from ultrasound pictures of 

thyroid nodules, and then computer vision methods are used to add additional spatial pattern information. 

System for reporting and data collection for thyroid imaging (TIRADS). Finally, the classifier was trained using 

all of the characteristics listed above. Support True negative rate may be reduced by using a vector classifier the 

findings of this study may be used to minimize the number of needless biopsies in clinical practice. It had been 

proposed by Zulfanahri et al. [13] the cheap cost and safety of ultrasound imaging make it a popular modality 

for evaluating thyroid gland abnormalities. Shape feature analysis is used in this study to categories thyroid 

nodules into two categories: round to oval and irregular. SRB and Adaptive Median filters are used in the 

image's preprocessing. A combination of active contour and morphological operations was used to fine-tune the 

segmentation process. Zernike and Invariant Moments are utilised for feature extraction and form recognition, 

respectively. SVM classifier is used to classify the outcomes of feature selection using Correlation Based 

Feature Selection (CFS). A computer-aided diagnostic approach for categorising thyroid nodules in ultrasound 

pictures was described by Muhammad et al. [14]. Annotations have been removed from the picture, and sample 

augmentation has been performed. Next, a deep convolutional neural network, or Google Net, was used to fine-

tune the image's features before it was identified. Autonomous thyroid tumor classification with 3D contrast-

enhanced ultrasonography. An image enhancement technique proposed by Jeannine al. [15] in the United States 

utilizes a spatial linear filter and morphological opening by a diamond structure element. The resulting grayscale 

images are then subdivided into several sections. After thresholding is used to segment the picture, the hill-

climbing algorithm is used to extract the image's features. Support vector machines were used to classify the 

data. It was recommended by Amir et al. [16] that online learning method are regularly used. Features rejection 

is used to eliminate any unneeded aspects from the product's overall design. For categorization, we used two 

decision trees that were trained. A basic decision tree-based classifier is one option; a cost-aware variation of 

the first is another. Both are effective. Classifier as a whole performs better than the sum of their parts. The 

weighted majority approach was used to update the classification. Pathology diagnosis was used as the gold 

standard in Farina et al.[17evaluation ]'s of the reliability of the ultrasound classification system in predicting 

thyroid cancer, and FNAC guided by the US was used in accordance with British Thyroid Association 

guidelines (BTA).Correlation between pathology data and ultrasonography categorization was accessed. To 

arrive at the sensitivity value, the conservation approach is used. The categorization of diffuse thyroid illness 

based on ultrasound imaging was suggested by Dandanetal. [18] HASHIMOTO disease and GRAVES disease, 

the two most prevalent thyroid diffuse diseases, have a negative influence. New texture characteristics may be 

tested using the Wavelet Multi-Sub Bands Co-Occurrence Matrix (WMCM). HT illness images may be 

distinguished by their brilliant sections, whereas Grave disease images can be distinguished by their dark areas. 

Expanding the feature space is accomplished via the usage of GLCM (Gray Level Co-occurrence) and GLRL 

(Gray Level Run Length Matrix). Normal and Grave disease ROI should be consistent when it is extracted and 

preprocessed. A fibrous type of HT has been seen. The MRMR method (for Minimal Redundancy Maximum 

Relevance) is used to pick features. KNN and SVM classifiers were used for two-level classifications. Images of 

normal thyroid tissue were identified from those of thyroid with diffuses by the classifiers. Separate photos of 

thyroids with Graves' and Hashimoto's thyroiditis (HT). Thyroid tissue categorization from multi-modality MRI 

images has been shown by Zhang et al. [19] using innovative multichannel features association and fusion 

learning (FAFL). Tri-layer construction Convolutional neural networks with two layers yield three multi-

channel CNN tensors, as seen in Figure 1. 2. The CNN tensors were fused to create a new feature association 

tensor by using a multi-feature association layer. Classification is accomplished by tying together the tensors of 

several multichannel CNNs. FAFL generates three modalities from a single input picture. CNN For a more  
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accurate, particular, and sensitive categorization of the supplied picture. Classification is done using a deep 

learning modal support vector machine. Thyroid nodules may be automatically classified using the semi-

supervised technique, which relies on poorly labelled data, as described by Jianxion and colleagues [20]. A bag 

with a pathology report labelled with the matching US photographs. It begins by creating bag instances and then 

using a proposal extraction approach and VGG-16 classification to get the ROI from the procedure. When 

merging and regenerating nodules of ROIs, a non-maximum suppression approach was applied. Finally, poorly 

labelled training data is used to train a CNN-based nodule classification method using an EM algorithm. Finally, 

a picture is fed into a nodule classification model to determine if the nodule is benign or cancerous. 

 

III. CLASSIFICATION 

 
Different categorization techniques were used to choose characteristics that determined whether or not an area 

was categorised as benign, benign-like, or malignant. In the United States, the TIRADS (Thyroid Imaging 

Reporting and Data Approach) is a standardized system for characterizing and documenting the categorization 

of thyroid glands for clinical use. 

 
A. Categories: 

1) TIRADS 1 is a healthy thyroid gland. 

2) TIRADS 2-favorable conditions (0 percent Malignancy) 

(5% Malignancy) 

3) TIRADS 3-probably benign nodules (malignancy rate of 5%) 

4) TIRADS 4-Inquisitive nodules (5-80 percent ) Malignancy 

5) TIRADS 5-Malignant nodules (more than 80%) 

6) TIRADS 6-Biopsy-proven malignant nodules were included. 

 
TABLE: 1 COMPARISON USING VARIOUS CLASSIFICATION METHODS 

 

 
Year reference methodology Data collected 

d 
Accuracy 

   

 

 

 

 

a.co- occurrenc e 

matrix 

wavele t features 

c. Law texture 

energy measures 

The data set was  
  obtained via a  
  readily available  
  ultrasound device,  
  the LOQ10 700  
  ultrasonic system,  
  which was  
  approved by  
  General Electric  

  Health Care.  

2008 [1] 
 

99.8 
   % 

   

 

a.Morp hological 

aperture 

b.Thre sholding 

and 3D constructi 

on 

"Umber to I" 
Hospital of Torino 
has approved 
images acquired 
by My Lab 70 US 
gadget. 

 

 

2008 

 

[2] 

  

98% 
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2009 

 

 

 

 
 

[3] 

a.Box cells populatio n 

cloning box cells c.Inflat 

ion and Deflation of Box cells 

Athenian Medical School's Pathology 
Department Research Data 

 

 

 

 
 

98% 

 

 

 
 

2012 

 

 

 
 

[4] 

a. Discr ete wavelet 

transform 

b. Neur al network 

c. Dece sion tree 

It was gathered from the Toronto 

hospital "Umber to I" 

 

 

 
 

93% 

 

 

 

 

 

 

 

 

2013 

 

 

 

 

 

 

 

 

[5] 

 

 

 

 

 

 
a.Morp hological 

Transfor m 

b.Gabo r filter 

fnac image have been used from on-

line image atlas papanic olaouso ciety of 

cytolog y approve d 

by atlas committ ee 

 

 

 

 

 

 

 

 

95% 

 

 

 

 

 

 

 

 

 
2014 

 

 

 

 

 

 

 

 

 
[6] 

 

 

 

 

 
a.Effec tive acoustic 

concentra tion 

b.Effec tive scattering 

diameter 

By using a single-element transducer 

and a Panasonic 5900 

receiver, strategic test corporat ion 

woubor n gathered the data needed to 

make informed decisions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
87% 
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2014 

 

 

 

 

 

 
 

[7] 

 

 

 
 

a.13 

mode feature vector 

mode feature vector 

The Harbin Medical 
Universit y's second 
Affiliate d Hospital 
for Ultrasou nd's 
database 

 

 

 

 

 

 
96.8 

% 

   
a.Gray level co- 

occuranc e matrix 

b.Gray level run 

length matrix 

From  

  the  

  Sardjito  

  hospital  

 

2016 

 

[8] 
Yogyak arta 

databas 
89.7 

4% 

  e, this  

  image  

  was  

  retrieve  

  d.  

 

 

 

 
2016 

 

 

 

 
[9] 

 
 

a.classi fier model 

constructi on 

From the Institute 

of Nuclear Medicin 

e, data was obtaine 

d. 

 

 

 
 

88.6 

6% 

   

 

 

 

 
 

a.Resid ual net 

transfe r learning 

The  

  Univers  

  idad  

  Nacion  

  al de  

  Colomb  

  ia and  

2017 [11] 
the 

Institut 

93.7 

5% 
  o de  

  DiagnO  

  stiocom  

  edico  

  have  
  both  
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2017 

 

 

 

 

 

 

 
 

[12] 

 

 

 

 

 
 

a.Auto 

encoders 

b.Loca 

l Binary 

patterns 

Patie 

nt data 

was 

gathere 

d 

utilising 

generic 

Loqiq 

L9 and 

69 

ultrasou 

nd 

machin 

es at 

East 

River 

medical 

imaging 

 

 

 

 

 

 

 
 

94% 

 

 

 

 

 

 

 

2017 

 

 

 

 

 

 

 

[16] 

 

 

 

 

 
 

a.Spati 

al linear 

filtering 

b.Thre 

sholding 

Datas 

et 

collecte 

d from 

Center 

of 

machine 

learning 

and 

intellige 

nt 

systems, 

universi 

ty of 

Californ 

ia 

 

 

 

 

 

 

 
99.8 

% 

 

 

 

 

 
2018 

 

 

 

 

 
[17] 

 
a.U 

classificat 

ion 

method 

suggested 

by BTA. 

US 

images 

collecte 

d from 

universi 

ty 

kebangs 

aan 

Malaysi 

a 

medical 

center 

 

 

 

 

 
98% 

 

 

 

 

 
2017 

 

 

 

 

 
[13] 

 
a.Activ 

e Contour 

b.Zerni 

ke and 

invariant 

c.Corre 

lation 

based 

feature 

US 

images 

taken 

from 

Depart 

ment of 

Radi 

ology 

Sardjito 

hospital 

,Yogyak 

arta 

 

 

 

 
 

91.5 

2% 

  
a.Wav 

elet Multi 

–sub- 

bands 

Co- 

occuranc 

e Matrix 

b.Gray 

level co- 

occuranc 

e matrix 

Data 
from the 
second 
associate 
hospital 
of Harbin 
medical 
universit 
y was 
gathered 
by our 
departme 
nt. 

 
  

 
a.Onlin 

e 

Ensemble 

a.Offli 

ne 

Ensemble 

A public  

  thyroid     

  ultrasoun     

  d picture     

  and a     

  local     

 
2017 

 
[14] 

database 
are used 
to get the 

 
96% 

 

2018 
 

[18] 
87.8 

3% 

  informati     

  on.     

  a.Samp 

le 

Augment 

ation 

b.Goog 

LeNet 

 
Anal 

yzed 

data 

from a 

nearby 

comput 
er 

   
 

a.Data 

augmenta 

tion 

b.Multi 

–feature 

associatio 

n 

The  

     63AC5  

     5 C  

     scanner  

2017 [15] 92% 
2018 [19] 

was 

used to 

80.9 

1% 
     capture  

     the  

  data.   
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a. ROI detection with 

VGG-16 

b. ROI merging 

Data  

  taken  

  from the  

  publicly  

  accessib  

 
2018 

 
[20] 

le 

databas e of the 
80.9 

1% 

  Peking  

  Union  

  Medical  

  Hospital  

  in  

  Beijing  

CONCLUSION 
Structures in Thyroid Ultrasound were obscured by noise and blurred by Thyroid Ultrasound processing 

processes, making it impossible for researchers to see them clearly. It is necessary to find strategies to 

analyse and characterise the accuracy of the US picture in order to identify aberrant thyroid structure. As a 

result, the aforementioned approaches and procedures are effective in determining the structural behaviour 

of an ultrasound picture of the thyroid. Since nodules are difficult to characterise, this study might be 

useful in the diagnosis of thyroid nodules, which can lead to incorrect diagnoses. The limited resolution of 

the US has led to many doctors confessing to the nature of different echoes, therefore more efficient 

classifiers have been employed to increase the accuracy of thyroid nodule performance as 

benign/malignant. A variety of feature extraction and categorization strategies might be studied clearly, 

arduously, and accurately. 
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