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ARTIFICIAL
INTELLIGENCE

MACHINE
LEARNING

DEER

LEARNING ARTIFICIAL
INTELLIGENCE

1950’s 1960's 1970’s 1980’s 1990’s 2000’s 2010’s

Since an early flush of optimism in the 1950s, smaller subsets of artificial intelligence - first machine learning, then
deep learning, a subset of machine learning - have created ever larger disruptions.
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Al-enabled Patient virtual FHW virtual
population health health assistant health assistant

Physician clinical
decision support

* Medical records

1

l :
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Platform ingesting, Assisting patients to direct Augmenting FHW expertise | Providing more specialized !

analyzing, and providing their own care and wellness, to direct patient care, e.g., ! expertise to generalist :

recommendations on e.g., data-driven diagnostics triage and symptom-based i physicians, e.g., enabling a :

population health data with care recommendations diagnostics and care | GP to read diagnostic .

* Surveillance and ¢ Self-referral recommendations | images .
- , 1 . .

prediction * Personalized outreach * Self-referral Lo Image-based diagnosis I

* Population risk * Behavior change * Perscnalized outreach ' Clinical decision support i

management  Data-driven diagnosis * Behavior change b+ Quality assurance and :

* Intervention selection e Al-facilitated care + Data-driven diagnosis : training :

0 . T 1

* Intervention targeting « Medical records » Al-facilitated care : I

- )

: 1

. )

Research Scope

Source: Artificial Intelligence in Global Health. USAID (2019)
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Artificial Intelligence for
Thyroid Nodule Classification
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Thyroid Gland )
Thyroid Nodule

a butterfly-shaped endocrine
Abnormal cells that grow in
7 thyroid gland

gland that is normally located in
Common in people who

the lower front of the neck
- have a history of exposure to high

Thyroid Function
doses of radiation

It produces hormone keeps the brain,
- have a family history

heart, muscles, and other organs working
- older than 40 years old
S mptaiis - Iswoman

as they should

- Pain in the neck, jaw, or ear - Tickle in the throat - is patient with iodine deficiency
- Difficulty in breathing - Hoarseness
- Difficulty in swallowing - Etc
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In 2019, thyroid cancer is 2= - - . g

Comparison of thyroid cancer

predicted to reach top three ' wormnen and men is 3 - 1

malignancy in women

B
\

>

/

In Indonesia, it ranked 9t : N ™, Become number 1in
from all cancer illness which 4 : \‘ endocrine malignancy in
is 347.792 cases per 2017 P ) Indonesia.

It ranked 5% in cancer suffered by women at 5%
(49.350 cases) from total 822.200 cases. - ¥
4

-

Source: Ministry of Health of RI, Global Health, US Cancer Instittfe', American Cancer Society
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THYROID EXAMINATION e

*  More Detall
» Expensive

CT Scan  Limited availability

TIRADS describes the important characteristic of

thyroid nodule based on USG images

i TIRADS: Thyroid Imaging Reporting and Data System
 Cheaper, No radiation y ging Reporting y

+ Short acquisition time : : ,
. High ava?lability - Thus, the computer aided diagnosis (CAD)

«  Non traumatic. Non invasive based on ultrasound images is needed

» High subjectivity interpretation
* Doctors’ experience

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

/ , : diagnosis
s * Minor surgical procedure 9

A\\ ) . .
s % + Secondary examination
& e ° Invasive procedure

Fine Needle Aspiration
Biopsy (FNAB)
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NORMAL sml No. Characteristic Class

1. Composition Solid

Cystic

Complex

2. Echogenicity Anechoic

Isoechoic

Hyperechoic

Hypoechoic

Markedly Hypoechoic

»nw O >0 — 4

3. Margin Smooth

gmm ABNORMAL

Irregular
I 4. | Shape Round to Oval

Irregular

5. Orientation Parallel

~— Nonparallel
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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
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Classification based on
Shape Characteristic

Classification based on

Orientation Characteristic

External Characteristic
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Final Diagnosis
(Benign / Malignant)
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Thyroid Nodule Segmentation >
Classification based on
Composition Characteristic
Classification based on
Echogenicity Characteristic

Classification based on Margin
Characteristic

Classification based on Shape
Characteristic
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Componert | vt

Input USG Image

Thyroid Nodule Segmentation

= 3
ol

MSE 53.19

o Uassification based on » SR 19:92

*  Composition Characteristic ZESR Zoozl
Adaptive Median l Morphology l g 13005

o (Classification based on | o i

*  Echogenicity Characteristic > - Success in reducing speckle
AT T e i

o (Classification based on Margin | | | SeEmentedremut | active contour

° T > i i i i segmentation effectively

o (lassification based on Shape

y Churucteris’ric SUUH 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.
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: Thyrmd Nodule Segmen’[qﬁon Segmented Nodule E Feature Extraction i Classification
i ' Grey Level Co- i
| Histogram occurrence Matrix | ! Multi Layer
e e o e | (GLCM) : »
assitication based on | , Perceptron
Composition Characteristic [P ey Lo |
: Length Matrix Lacunarity |
o : (GLRLM) :
e (lassification based on ; |
®  Echogenicity Characteristic ’
o (Classification based on Margin 98.97%  98.92% 99.47%  99.05%  99.50%
* Characteristic -
rtein - 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.
o (lassification based on Shape =
¢ Characteristic moin  F | 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
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s Thyroid Nodule Segmentation Segmented Nodule | Feature Extraction : Classification
i : Grey Level Co- i

| Histogram occurrence Matrix | ! Multi Layer

(I f i b d » : (GLCM) : »

° assification based on | ! Perceptron
® Composition Characteristic T oo Lol m |
V| SreY hevernun Law's Texture |
: Length Matrix Energy !
ofe - : (GLRLM) !
Classification based on ; |

Echogenicity Characteristic

Characteristic 93.69% 93.36% 97.87% 93.82% 97.88%

Clssification based on Murgin> sty Boy ||

(IUSSIfI((ﬂ.IO!] based on Shupe — H. A. Nugroho, Zulfanahri, A. Nugroho, E. Frannita, |. Ardiyanto and L. Choridah, “Feature Extraction Based
Characteristic |

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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s Thyroid Nodule Segmentation > Segmented Nodule i Feature Extraction ! Classification
| Geometric | Output:
: ! l 1 th
.. ! Feature : » Support Vector 5 ISrr;goilar
e (Classification based on | | Machine . Irreg
*  Composition Characteristic S |
e (Classification based on
*  Echogenicity Characteristic S — '

Classification based on Mqrgin 92.30% 91.88% 92.73% 92.80%  91.80%

Characteristic

° Classification based on Shupe = H. A. Nugroho, E. L. Frannita, A. Nugroho, Zulfanahri, |. Ardiyanto, and L. Choridah, “Classification of
° .y l Thyroid Nodules Based on Analysis of Margin Characteristic,’ in 2017 International Conference on
Characteristic - Computer, Control, Informatics and its Applications, 2017, pp. 47-51.
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EXISTING RESULT
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. Thyroid Nodule Segmentation Segmented Nodule i Feature Extraction E Classification
E Geometric E Output:
: Feature . ® | Support Vector | W 1-Round to Oval
o (Classification based on | Machine 2.Irregular
® Composition Characteristic > |
i Momment i
o (lassification based on e
® Echogenicity Characteristic
o Classification based on Margin h‘
*  Characteristic 92.30%  91.88% 92.73%  92.80%  91.80%

Classification based on Shupe """""""" Zulfanahri, H. A. Nugroho, A. Nugroho, E. L. Frannita, and I. Ardiyanto, “Classification of Thyroid
2 _ng | ‘ Ultrasound Images Based on Shape Features Analysis,” in The 2017 Biomedical Engineering International
Characteristic Conference (BMEICON-2017), 2017
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FINAL RESULT OF
THYROID CLASSIFICATION
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Pre-processing Segmentation
Adaptive Median 1 Active Contour Morphology Operation Segmented

27T Classification ~ [----

;I TIRADS BASED CLASSIFICATION \E

External Margin :" """""" Feature Extraction |~~~ \\:
. .D|a/g,;\;|10|§|s : « Characteristic Orientation ‘ i —— S i
enign/Malignan | — | : :

! Composition : .\ Feature Feature ;

| Internal — .. e

Characteristic Echogenicity

\ Shape
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D I AGN OSIS RULE (FINAL CLASSIFICATION)
-

UNIVERSITAS
GADJAH MADA

. . . Rule i Composition Echogenicity Rule Diagnosis
Margin Shape Orientation Di . i
1agnosis ] Cystic Anechoic Benign
RO;C:I to Parallel Malignant i Markedly Hypo Malignant
Smooth i Solid Hypoechoic Malignant
Round to . |
Oval Non-Parallel Benign e--{----- Isoechoic Benign
Round to Markedly Hypo Malignant
Parallel Malignant ) )
Oval Complex Hypoechoic Malignant
Irregular RO;C:I to Non-Parallel Malignant Isoechoic Benign
Irregular Parallel Malignant
Irregular Non-Parallel Malignant
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Contusion Matrix
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Contusion Matrix
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Testing Benign 11 Predicted Class Testing Benign 18 Predicted Class
Data Malignant 43 Data Malignant 27
Total 54 Malignant | Benign Total 45 Malignant | Benign
Composition True Malignant 41 2 Margin True Malignant 23 4
Echogenicity Class Sh?pe . Class
Benign 1 10 Orientation Benign 1 17
No. Output Result No. Output Result
1. | Accuracy 94.44% 1. | Accuracy 88.89%
2. | Sensitivity 95.35% 2. | Sensitivity 85.19%
3. | Specificity 90.91% 3. | Specificity 94.44%
4. Positive Predictive Value 97.62% 4. Positive Predictive Value 95.83%
5. Negative Predictive Value 83.33% 5. Negative Predictive Value 80.95%
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FUTURE WORK
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Learning approach
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QUTPUT

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