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H =
T

oo wE ME 3 WRIFe sty S5AL WA (Area), E@(Perimeter), FF do](Major axis
length), ©@% Zo](Minor axis length), ¥&8X(Circularity), A& (Diameter), oA 7tx]e] HF A
(Nucleus to nucleus average distance), 3ollA] 371x]¢] A Al (Nucleus to nucleus minimum distance),
AE &) ReF(Eccentricity), W #3t(Compactness)o]l 2 <+ Stt.

2
w wel Altd 545

¥ 12 2 iy e APXde FEE T < Yehdla Qi
F 1
Feature Type Feature Description
Nucleus features Area,
perimeter,

major axis length,

minor axis length,

circularity,

diameter,

compactness,

nucleus to nucleus average distance,

nucleus to nucleus minimum distance
Lumen features Area,

perimeter,
major axis length,
minor axis length,

eccentricity

B7) AEE WY e Amshs P Aw BF 2 89 A BF 48T =9, v Oargin e A
dal wuAe wow H49 % FAdyperplane) S AT F Qom, o474 WAL x WRo R
A A ke AR T2 ee ey el AuaEs AL oln @)

= v 1 = Q
U Y AYS AT doEES Flstu, AU FuAES HEF F Y wde] A8 B ge 49
B, B9 FAAYE, JHEE RES) st FAY RUS AHgs B71E sEn

% @ owe] B B WA(SI000F Bl AEE WE WA EReAE 433 h9s AYE ARgete]
WA S P o oM, B 3 0 57 49k 5, 59 4 0l 5F 58 BF ol 2 579 Aolg I £
oh;}
AT
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[0115]
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[0117]

[0118]

[0119]
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[0121]

[0122]

[0123]

[0124]

[0125]

[0126]

[0127]

[0128]

[0129]

[0130]
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Tk, RES FAAT] A ABEE AN Y8 K-3 wAF H35(K-fold Cross Validation)S 5o =
Aatgom, 1 F AL} A4 U F 7wz #@ZF(2-fold Cross Validation) o2 AAs ] &5 THS
Bis=s

olul MY AY K= A wlo]ElE Abstel, ol [4 1013 o] EARL,
[4) 10]

Kz) = (2" +c)

o714 xi= dolEolm ci gl

AZE W WA ERAC] b AY F5E (4 113 2ol £AT & k.

[ 11]

Kl

714 x, X' £ FA W (Feature vector)o]n, le—=T e %= 55 weze f2edd Ao, 1= 2
PHor AYo 7]&7E WHEA7|H, 0= xF w7/¥HS=(Free parameter)©|th.

o)t ol MEE HWE AW 7oz e Amdky JAS ALgste] APActe 2 59S
o %3 = grt

wE, B owdedE ARMAGS BRI Y A BRE odloem EREE o BR AT

B o7l BF e 7 5ol BRult 47 e ARE WE v ERI15S olgsd 5Re BF

S oA, % TolAsh gol A WAl ERAAL RE o4 HolHEg oby o FHOoRE BHEm, ofF

SPYFHOIN FH3 U BF 4% 52 BRE L, oA BF 4 U BF 52 RS BE FHS BRS:

g olet,

svte s A3 WE @S0 APHLL S 3, 4, 5, WO 5FS Rolald 7} SHE BRE ¥
Ang aRY st GARA, AYA 24 G ARstd A 8 G4 BHH] AF vely Ay

2 ggav

2 dbigol A= Oé*oL golge] B4 F& 2 AMXE HH Wil BFE Hd 53 3, 59 4, 58 5, gHdo=
S3S U & 400719 GAE0] AREE AT
o] F 24072 TR, 16082 HAE ZEEHAT. 7} Tl gk g4 FE 1008z o ol 3, T
3 U 57 495, 57 4 U 57 HE ERHAT
TE Ave # 2 WA 49 Jehd 9ew, F:(Training) ¥ A& (Testing) 9] A= NZE WE Wi 27
o] &% 38 (Confusion matrix)E<S AF&3te] e},
= 3 2v o o e digk SW %5 dEe] HAE HILE HoFE FolA, % 32 Tw 3 dlvs) &
T 49} 59 tigk SW £5 dH9] H2E JEEE RAFE ¥o|i, ¥ 45 T 4 U 575 59 dig SW EF
Pgdo] HAE HAILE BHAFE o2 A, 27 F FEo=Z Yy o] F#¥(Training) 3 Al (Testing) g0l
gk &nlE 2R ZRE £R/e A g dolHE BoFa Q).
* 2

Training: 99.2% Testing: 88.7%

Train Malignant Benign Data Test Malignant Benign Data

Malignant 60 0 60 Malignant 34 6 40

Benign 1 59 60 Benign 3 37 40

_11_
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* 3
[0131] Training: 91.7% Testing: 85.0%
Train Grade 3 Grade 445 Data Test Grade 3 Grade 445 Data
Grade 3 55 5 60 Grade 3 36 4 40
Grade 445 5 55 60 Grade 445 8 32 40
I 4
[0132] Training: 95.0% Testing: 92.5%
Train Grade 4 Grade 5 Data Test Grade 4 Grade 5 Data
Grade 4 54 6 60 Grade 4 36 4 40
Grade 5 0 60 60 Grade 5 2 38 40
[0133] ¥ 5% Agmel A 7HA 9 o] Rl AFEE AXE HE Wil AT EHolEo|t).
5
[0134] Groups Accuracy (%) Sensitivity (%) |Specificity (%) |MCC (%)
Malignant vs. Benign 88.7 91.8 86.0 70.2
Grade 3 vs. 85.0 81.8 88.8 70.3
Grade 4, 5
Grade 4 vs. Grade 5 92.5 94.7 95.0 85.1
[0135] ¥ 594 A= (Accuracy), W E(Sensitively), Eo]%=(Specificity), "F<9 A3+ A4 (Matthews' s
correlation coefficient) & 4714 X5 FAAZEE AFE3ct. o]#d X EE= true positive(TP), true
negative(IN), false positive(FP), false negative(FN)S A}&3}o] AXtETH, Axte AEznt olyg op&
SAA A T3 1008 Hote] A EeleSs Tk, E 5ol AFEE 4714 Ade AXE FES Adstd o9
21 (12) WA 2 (15)9F 2.
[0136] 7] BB = (Accuracy)® B8 BFE B9 v golgk & 4 glom, [4] 12]9F o] YERE 4 Q).
[0137] [2] 12]
TP+ TN
[0138] Accuracy = e me+ 7 - 100
[0139] A7) M= (Sensitively)® A& BEFE 2 F 4o vl&=zA, [4 1317 o] yehd & Qo).
[0140] [2] 13]
e
Sensitivity = —————— = 100
[0141] TP+ FN
[0142] A7) Eolx(Specificity)E A&sHA BHE FE T 29 vE2A [4 14]9 o] vepd 5= Q.
[0143] [ 14]
TN
Spect ficity = ————= = 100
[0144] TN+ FFP
[0145] A71 w5 g A0 E ol Rl gdety Hx gt¥ dF gk AtelY FTAFEA, [2] 15]9F ol

e 4= gl

_12_
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[0158]
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[0160]
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(4 15]

TPx TN— FPx FN

M= VITP+ FN) TP+ FPI TN+ FEN)( TN+ FP)) =

100

osh ol & 5t Al Jlel ThE el el AlkE WHe] BF A melFm glom, by u FAe) W
Z Z 7

o] 3
B Ay Wpn ESE u&o A A5E 7%, 91.8%, 86.0%, 70.2% 4L <& 4= Qr}.

e, v 3 T 49k 5, 5 A=, VPR, S5k, iR 4w Ass 47 85.0%, 81.8%, 88.84%,
70.3%°13L, S 4 W THSE W A=, UHE, Sk, vwe] A3 Aes 2 92.5%, 94.7%, 95.0%,

X6
Groups Training Accuracy (%) Testing Accuracy (%)
Malignant vs. Benign 99.0 81.0
Grade 3 vs. Grade 4, 5 |98.0 75%
Grade 4 vs. Grade 5 97.5 76.25

FEA A2 A9 E 6ol e A3 ol JA B AZEN Vekaol A thE AEEOP) 71ES ol
5 JoF =

deF, 2%, 4% F HAx wlo wE=m 7HE 9= T =(Feed

Yy =S AR el vdg &g Ve AR

&= 8olA H agEe 4 el ARgE = Al 7HA e o]x] EE
HolFg Qu}. olu A 189 BE A= Mz A, /P =8 AIE= 92 5002

g BF 392 Holu,

Py
b
il
)
o
r2
>

¥ 72 FA #5F(One-Shot Classification)® ©]% 7 (Binary Classification)?t A3} HuE HoFal Q)
o E3, & 9= Ul M o 2t AEE #E vl Ay} vladvle] oigh Jefzoln

*7

One-Shot Classification Binary Classification

Groups Accuracy (%) Groups Accuracy (%)
Benign 60.0 Benign 92.5

Grade 3 55.0 Grade 3 90.0

Grade 4 85.0 Grade 4 90.0

Grade 5 50.0 Grade 5 95.0

Total 65.5 Total 92.0

E 7 E 99 SW EF AEE vlal A= SA B7% ozl #F Alelddl zbel7t s & 5 ATt

0 5 EE BA BR/E ASS doldE BRAS W Y, 573, 5 4 59 59 ¥R efe 7

60%, 55%, 85%, 50%°]t}.

£

(e
e
ol
o
N

o
At

oyl o] BF HEHE Y3 EHo AHestd A== 22 92.5%, 90.0%, 90.0%, 95.0%°]t}.

4

-
Mo
Ju
N
il
offt
>
2
=
=
_OL
=)
%)
N,

4 ORRE ATl 9 At 0E SR ERY B4 BRE Al

_13_



[0162]

[0163]

[0164]

[0165]

[0166]

[0167]

[0168]

[0169]

[0170]

[0171]

e Ashuct vivhe

L

) 2=
’é‘?ﬂl"‘l‘

# 82 g HAER EF7I(MP)E AHERE TA] et

dhg o] SVMTF MLP R <)

ZIHSd 10-2021-0079132

ATt
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il
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£l
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o
v

Ads vag A3, B2 3ol SWel Mp ok ¥ v AdE ddvka &

MLP &A] EFolAe= AA Holg & FAld 479 5302 BRI, o] 4% 3 539 o/ vE 55
o] e 9dFS vH EF G FAAQ JEgs v, mEA A HEs 58 3 ¢ fle BF
o] QUrt.
iAo | E wkg o] ox HEFolMe= AA dlolfy HFE /e o= E/sta 4 gAY Ere 5H4es
o] FoiRIth, o] A%, AL wAe] BRAMY AWt 1 thg @Al BRo Avel FBS FA Wi FHel
ATt
X 8

One-Shot Classification Binary Classification

Groups Accuracy (%) Groups Accuracy (%)

Benign 37.5 Benign 87.5

Grade 3 67.5 Grade 3 90.0

Grade 4 45.0 Grade 4 75.0

Grade 5 70.0 Grade 5 77.5

Total 55.5 Total 82.5
L3, ¥ 9= AEAY 55 EF

(3

oF Zicko] QlojA, ofAd tf Ao w HFIS w, B IS Nir et al(2018), Doyle et al (2006)HT} £9
1

o] Tabesh et alo] F2] 7ol 4
, 35, MAGICS AM&8l7] o
, oo AR HAN AR

g on

#9
Authors Classification Classes Accuracy
Methods
Tabesh et al. (2007) [4] [kNN Malignant vs. Benign 96.7%
Low vs. High Grade 81.0%
Doyle et al. (2012) [5] Decision Tree (DT) Grade 3 77.0%
Grade 4 76.0%
Grade 5 95.0%
Nir et al. (2018) [6] SVM Malignant vs. Benign 88.5%
Low vs. High Grade 73.8%
Doyle et al. (2006) [7] Bayesian Malignant vs. Benign 88.0%
Rundo et al. [8] Fuzzy C-Means Multispectral (Twl & Tw2) |[90.77%
Naik et al. [11] SWM Grade 3 vs. Grade 4 95.19%
Benign vs. Grade 3 86.35%
Benign vs. Grade 4 92.90%
Albashish et al. (2017) |SVM Grade 3 vs. Grade 4 88.9%
[12] Benign vs. Grade 3 97.9%
Benign vs. Grade 4 92.4%
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e —-
Image Dataset

HEE Stained [—{ . ROl SVM
Seguientation Features | | Classification
l Extraction (Linear &
Gaussian)
Watershed 1
Segmentation
Analysis
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EH7
Grade 3
Malignant Grade 4
Grade 4+5
Dataset Crade 5
Benign
Ed8
# Aceuracy ® Sensitivity = Specificity #MCC
100,00%, i
20.00% o 86.00%
-
£0.00% ’/
- : 70.30%
?‘:’ 70.00% / T Fﬂ-
b e
£ s000% % : -
g 2 e
S 40.00% / P
= % 2 £
£ 30.00% / 7 7
E Lt
B 20.00% % 5252
10.00% % 7
0.00% “ G
Malignant vs. Benign

Classification Groups
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EH9
m One-Shot Classification = Binary Classification
i M 95%
100.00% 92.50% 90.00% 90%
90.00% 85%
£0.00%
o 70.00% 65.50%
L 0 55%.
= 60.00% S0%
"é 50.00%
2 40.00%
(5]
< 30.00%
20.00%
10.00%
0.00%%
Benign Grade 3 Grade 4 Grade 5
EHI0
-

Watershed
Segmentation

Features
Extraciion

Classifica tion

{Linear & Gaussian)
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