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APPLICATION OF AI

Object Detection
Deep learning application

IT Application
Smart phone application
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AI IN MEDICAL APPLICATION

Source: Artificial Intelligence in Global Health. USAID (2019) 

Research Scope
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WHAT IS THYROID NODULE

It produces hormone keeps the brain, 
heart, muscles, and other organs working 

as they should

a butterfly-shaped endocrine 
gland that is normally located in 

the lower front of the neck
Abnormal cells that grow in 
thyroid gland

- have a history of exposure to high 
doses of radiation

- have a family history 
- older than 40 years old
- is woman 
- is patient with iodine deficiency

Thyroid Gland

Thyroid Function

Thyroid Nodule

Common in people who 

- Pain in the neck, jaw, or ear
- Difficulty in breathing
- Difficulty in swallowing

- Tickle in the throat
- Hoarseness
- Etc.

Symptoms
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THYROID CANCER FACTS

In 2019, thyroid cancer is 
predicted to reach top three

malignancy in women

Comparison of thyroid cancer 
in women and men is 3 : 1

It ranked 5th in cancer suffered by women at 5%
(49.350 cases) from total 822.200 cases.

In Indonesia, it ranked 9th

from all cancer illness which 
is 347.792 cases per 2017

Become number 1 in 
endocrine malignancy in 

Indonesia.

Source: Ministry of Health of RI, Global Health, US Cancer Institute, American Cancer Society  
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THYROID EXAMINATION

USG

MRI

CT Scan

• More Detail
• Expensive
• Limited availability

• Cheaper, No radiation
• Short acquisition time
• High availability
• Non traumatic, Non invasive
• High subjectivity interpretation
• Doctors’ experience

Thus, the computer aided diagnosis (CAD) 
based on ultrasound images is needed

TIRADS describes the important characteristic of 
thyroid nodule based on USG images

The system aims to reduce miss-interpretation 
and as second opinion / objective opinion in 

diagnosis

TIRADS: Thyroid Imaging Reporting and Data System

Fine Needle Aspiration 
Biopsy (FNAB)

• Minor surgical procedure
• Secondary examination
• Invasive procedure
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THYROID EXAMINATION

No. Characteristic Class
1. Composition Solid 

Cystic

Complex

2. Echogenicity Anechoic

Isoechoic

Hyperechoic

Hypoechoic

Markedly Hypoechoic

3. Margin Smooth

Irregular

4. Shape Round to Oval

Irregular

5. Orientation Parallel

Nonparallel

A B N O R M A L

N O R M A L

T
I
R
A
D
S
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RESEARCH SCHEME

Thyroid Ultrasound 
Images

Thyroid Nodule 
Segmentation

Classification based on 
Composition Characteristic

Classification based on 
Echogenicity Characteristic

Classification based on 
Margin Characteristic

Classification based on 
Shape Characteristic

Classification based on 
Orientation Characteristic

Internal Characteristic

External Characteristic

Final Diagnosis 
(Benign / Malignant)

1

2

3

4

5

6
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EXISTING RESULT
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EXISTING RESULT

Classification based on 
Echogenicity Characteristic

Classification based on Margin 
Characteristic

Classification based on Shape 
Characteristic

Classification based on 
Composition Characteristic

Thyroid Nodule Segmentation
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EXISTING RESULT

Classification based on 
Echogenicity Characteristic

Classification based on Margin 
Characteristic

Classification based on Shape 
Characteristic

Classification based on 
Composition Characteristic

Thyroid Nodule Segmentation

H. A. Nugroho, A. Nugroho, and L. Choridah, “Thyroid Nodule Segmentation Using Active Contour Bilateral
Filtering on Ultrasound Images,” Int. Conf. io Qual. Res., pp. 43–46, 2015.

Input USG Image
Component Value

MSE 53.19 

SNR 19.92

PNSR 30.87

AD 0.0221

SI 1.32e-5

Pre-processing

RoI

Adaptive Median

SRBF

Segmentation

Active Contour

Morphology

Segmented result

Results

Success in reducing speckle 
noises using bilateral 
filtering as it supports

active contour 
segmentation effectively
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EXISTING RESULT

Classification based on 
Echogenicity Characteristic

Classification based on Margin 
Characteristic

Classification based on Shape 
Characteristic

Classification based on 
Composition Characteristic

Thyroid Nodule Segmentation

Grey Level Run 
Length Matrix 

(GLRLM)

Grey Level Co-
occurrence Matrix 

(GLCM)
Histogram

Lacunarity

Feature ExtractionSegmented Nodule

Multi Layer 
Perceptron

Classification

H. A. Nugroho, M. Rahmawaty, Y. Triyani, and I. Ardiyanto, “Texture Analysis for Classification of Thyroid
Ultrasound Images,” in 2016 International Electronics Symposium (IES), 2016, pp. 476–480.

Accuracy Sensitivity Specificity PPV NPV

98.97% 98.92% 99.47% 99.05% 99.50%

E.L. Frannita, H.A. Nugroho, A. Nugroho, Zulfanahri, I. Ardiyanto, “Performance of Lacunarity Features for
Classifying Thyroid Nodule using Thyroid Ultrasound Images,” in the 2nd International Conference on
Imaging Signal Processing and Communication (ICISPC), Kuala Lumpur, 2018

Results
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EXISTING RESULT

Classification based on 
Echogenicity Characteristic

Classification based on Margin 
Characteristic

Classification based on Shape 
Characteristic

Classification based on 
Composition Characteristic

Thyroid Nodule Segmentation

Grey Level Run 
Length Matrix 

(GLRLM)

Grey Level Co-
occurrence Matrix 

(GLCM)
Histogram

Law’s Texture 
Energy

Feature ExtractionSegmented Nodule

Multi Layer 
Perceptron

Classification

Accuracy Sensitivity Specificity PPV NPV

93.69% 93.36% 97.87% 93.82% 97.88%

Results

H. A. Nugroho, Zulfanahri, A. Nugroho, E. Frannita, I. Ardiyanto and L. Choridah, “Feature Extraction Based
on Laws ’ Texture Energy for Lesion Echogenicity Classification of Thyroid Ultrasound Images,” in 2017
International Conference on Computer, Control, Informatics and its Applications, 2017, pp. 41–46.
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EXISTING RESULT

Classification based on 
Echogenicity Characteristic

Classification based on Margin 
Characteristic

Classification based on Shape 
Characteristic

Classification based on 
Composition Characteristic

Thyroid Nodule Segmentation Segmented Nodule

Geometric 
Feature

Feature Extraction

Accuracy Sensitivity Specificity PPV NPV

92.30% 91.88% 92.73% 92.80% 91.80%

Results

H. A. Nugroho, E. L. Frannita, A. Nugroho, Zulfanahri, I. Ardiyanto, and L. Choridah, “Classification of
Thyroid Nodules Based on Analysis of Margin Characteristic,” in 2017 International Conference on
Computer, Control, Informatics and its Applications, 2017, pp. 47–51.

Support Vector 
Machine

Classification

Output:
1. Smooth
2. Irregular 
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EXISTING RESULT

Classification based on 
Echogenicity Characteristic

Classification based on Margin 
Characteristic

Classification based on Shape 
Characteristic

Classification based on 
Composition Characteristic

Thyroid Nodule Segmentation Segmented Nodule

Geometric 
Feature

Feature Extraction

Momment
Feature

Accuracy Sensitivity Specificity PPV NPV

92.30% 91.88% 92.73% 92.80% 91.80%

Results

Zulfanahri, H. A. Nugroho, A. Nugroho, E. L. Frannita, and I. Ardiyanto, “Classification of Thyroid
Ultrasound Images Based on Shape Features Analysis,” in The 2017 Biomedical Engineering International
Conference (BMEiCON-2017), 2017

Support Vector 
Machine

Classification

Output:
1.Round to Oval
2.Irregular 
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FINAL RESULT OF 
THYROID CLASSIFICATION



RESULT ( F INAL  CLASSIF ICATION)
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Diagnosis
Benign/Malignant

Classification

TIRADS BASED CLASSIFICATION

External 
Characteristic

Margin
Orientation

Internal
Characteristic

Composition
Echogenicity

Shape

Pre-processing
RoI Adaptive Median SRBF

Input USG Image Segmentation
Active Contour Morphology Operation Segmented

Texture 
Feature

Geometric 
Feature

Feature Extraction



DIAGNOSIS RULE ( F INAL  CLASSIF ICATION)
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Composition Echogenicity Rule Diagnosis

Cystic Anechoic Benign

Solid

Markedly Hypo Malignant

Hypoechoic Malignant

Isoechoic Benign

Complex

Markedly Hypo Malignant

Hypoechoic Malignant

Isoechoic Benign

Margin Shape Orientation Rule 
Diagnosis

Smooth

Round to 
Oval Parallel Malignant

Round to 
Oval Non-Parallel Benign

Irregular

Round to 
Oval Parallel Malignant

Round to 
Oval Non-Parallel Malignant

Irregular Parallel Malignant

Irregular Non-Parallel Malignant

Internal CharacteristicsExternal Characteristics
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No. Output Result

1. Accuracy 94.44%
2. Sensitivity 95.35%
3. Specificity 90.91%
4. Positive Predictive Value 97.62%
5. Negative Predictive Value 83.33%

Internal Characteristics External Characteristics

No. Output Result

1. Accuracy 88.89%
2. Sensitivity 85.19%
3. Specificity 94.44%
4. Positive Predictive Value 95.83%
5. Negative Predictive Value 80.95%

Predicted Class

Malignant Benign

True 
Class

Malignant 41 2

Benign 1 10

Predicted Class

Malignant Benign

True 
Class

Malignant 23 4

Benign 1 17

Benign 11
Malignant 43
Total 54

Testing 
Data

Testing 
Data

Benign 18
Malignant 27
Total 45

Confusion Matrix Confusion Matrix

Composition
Echogenicity

Margin
Shape
Orientation
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FUTURE WORK

Detecting Plasmodium 
parasite using Deep 
Learning approach

Deep Learning is part of a broader family of machine learning methods based 
on learning data representations, as opposed to task-specific algorithms

Benign

Malignant

Benign
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