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TOM TAT - Phén doan dnh nha khoa lé buéc xir ly quan trong trong nha khoa thuc hanh nham hé tro bdc si chan doan mot
cdch hiéu quad cdc bénh quanh rang nhie viém chan rang, bénh nha chu, viém tii rang, v.v. Doi véi bdi todn nay, cdc k thudt xir 1y
anh thong thong hay phdn cum ro thuwong gap van dé vé xdc dinh tham s6 nguwong hay bién chung cua cac mau rang. Khi dé ky
thudt phdn cum mo cu thé la phan cum mo bdn giam sat la mgt cong cy twong ddi hiéu qua trong viéc xi ly cdc van dé lién quan
dén chat hrong cum ma trong dé mét s6 thong tin dé dwoc phan logi s€ dinh hiéng cho qud trinh xit 1y vé sau.

Trong bai bdo nay, ching t6i sé téng quan cdc kj thudt phdn cum mo ban gidm st va dé xudt mét luge do tong qudt méi
cho viéc dp dung cac k¥ thudt nay cho bdi todn phan doan anh nha khoa. Tiép theo, trén co' s¢ thire nghiém véi div liéu gom 8 bénh
nhdn dwoc thu thap trong giai doan 2014-2015 tgi truong Pai hoc Y Ha N¢i, hiéu nang cua cdc thudt toan dwoc danh gia theo cdac
dé do khdc nhau dwoe khao sat ki ludng. Két lugn ciia bdi bdo chi ra thudt todn phdn cum mo ban gidm st ¢6 hiéu ndng tot nhat
cho bdi toan phdn dogn anh nha khoa.

Tir khéa — Phdn cum mo ban giam sat, anh nha khoa, phdn dogn dnh, hi¢u nang thudt todn.
I. GIOI THIEU

Phan doan anh 1 giai doan dAu tién trong qua trinh xtr Iy dnh va dong vai trd rat quan trong [16, 24] trong qua
trinh nay. Phan doan anh ciing la cong viéc kho khin nhét cta xir Iy anh. Trong d6, phan doan anh nha khoa 1a budc xtr
1y then chét trong nha khoa thyc hanh nham hd tro bac si chdn doan mot cach hiéu qua cac bénh vé rang nhu viém chan
rang, bénh nha chu, viém tai rang [19, 20]. D4i v6i bai toan nay, cic nghién ctru trude day da dua ra cac k§ thuat phan
doan nhu: phan doan dya trén phan ngudng [8, 13], phan doan dya trén cac thuat toan phan cum [21, 32]. Tuy nhién
cac phuong phap nay thuong gap van dé khi xac dinh tham s6 ngudng hay bién chung ctia cac mau ring [26]. Do vay
phuong phap phén cum mo cu thé 1a phan cum md ban giam sat 1a mot cong cy tuong db6i hidu qua trong viéc xir Iy cac

van de lién quan dén chét lugng cum ma trong d6 mot s6 thong tin da dugc phan loai sé dinh hudng cho qua trinh phan
cum vé sau.

Trong phan cum khong mo, dit liéu duge chia vao cac nhom, trong d6 mdi diém dir liéu thude vao chinh xac
mot cum [2]. Trong phan cum mo, cac diém dix liéu c6 thé thudc vao nhidu hon mot cum va trong Ung vdi cac diém dix
liéu 12 ma tran do thudc, voi gia tri cta cac phan tir chi ra mic do cac diém dir lidu thudc vao cac cum khac nhau [2].
Cac phuong phap phan cum m¢ duoc sur dung nhiéu trong cc bai toan nhan dang mau, phat hién tri thie tir cac co s¢
dir liéu, danh gia rui ro va n6 co ung dung nhiéu trong phan doan anh. Trong cac nghién ctru gin day viéc st dung cac
thong tin b tro cung cip boi nguoi ding duge gin véi dau vao trong phan cum mo dé hudng dan, giam sat va diéu
khién qua trinh phan cum. Khi d6 cac thuét toan phan cum md két hop vdi cac thong tin bd trg hinh thanh nén nhém
cac thuat toan goi 1a phan cum mo ban giam sat [7].

Mot s6 nghién ciru gan day cho thay cac thuat toan phan cum mo ban giam sat rat hidu qua trong nhiéu linh vuc
nhu xir 1y anh [5, 14, 24], nhan dang méu, nhan dang khudn mit [1, 17], danh gi4 rii ro [4], du bao pha san [18]. Pic
biét 1a trong xir Iy anh v&i cac anh mau va anh y hoc. Trong cac nghién ciru nay, chwa c6 két qua ndo ctia phan cum mo
ban giam sat dugc ap dung cho cac anh X-quang noéi chung va anh X-quang nha khoa ndi riéng.

Do vy dong gop chinh cia bai bao nay 1a trinh bay tong quan céc phuong phap phan cum md béan gidm sat. Sau
d6, dwa ra luge db 4p dung phian cum md ban giam sat cho bai toan phan doan anh nha khoa. Viéc d4nh gia hiéu ning
cua thuat toan thuc hién dua trén bo dit liéu thuc té gém 8 anh X-quang nha khoa cta cic bénh nhan trong giai doan
2014-2015 tai truong Pai hoc Y Ha Noi dé phuc vu viée chan doan hinh anh. Cudi cing, bai bao dua ra mot s6 két luan
lién quan dén viéc su dung thuat toan vai cac bo dir liéu khac.

Y nghia ctia nghién ciru nay 1a tim ra mot thuat toan c6 hiéu qua trong viéc phan doan anh X-quang nha khoa.
Pé thuc hién diéu nay, chiing t6i xay dung mot mo hinh toan hoc dudi dang bai toan t8i wu va st dung cac thong tin bd
tro dé cai thién chét luong phan doan anh. Dya trén tap mau vé cac anh X-quang nha khoa thyc té, mo hinh dugc danh
gid mot cach cu thé két qua 1a su phén biét giita cdu tric ring va cac mo trong anh. Viéc phan doan chinh xac nay c6 y
nghia trong qué trinh xir 1y anh tiép theo.

Phan tiép theo cua bai bao dugc to chirc nhu sau: trong phan II, chung t6i tdng quan lai cac phuong phép phan
cum mo ban giam sat. Phan III dua ra luge d ap dung cho phan doan anh nha khoa dua trén phan cum mo ban giam
sat. Phan IV 1a mot sd két qua dugc thuc hién trén b dir li€u thuc va danh gid hiéu nang cta cac thuét toan da trinh
bay. Cudi cung 1a két ludn va cac hudng phat trién trong thoi gian toi.



Trin Manh Tuén, Pham Huy Théng, Lé Hoang Son, Nguyén Dinh Hoéa

131

II. TONG QUAN VE PHAN CUM MO BAN GIAM SAT

Trong phan nay, muyc 2.1 s& trinh bay thuat toan co s& ctia phan cum mo ban gidm sat (Fuzzy C-means - FCM).
Muc 2.2 sé& trinh bay vé cac loai thong tin bd tro duoc str dung trong phan cum md ban gidm st va trong phan doan
anh. Muc 2.3 trinh bay vé mot s thuat toan phan cum mo ban giam sat st dung thong tin b tro vé d6 thude duoc xac
dinh trudc trong phan doan anh.

2.1. Thuat toan Fuzzy C-means

Thuét toan phan cum mo duoc Bezdek [2] dé xuit dua trén do thudc uy; ciia phan tir dir liéu X, tir cum j. Ham
muc tiéu duoc xac dinh nhu sau:

C
2 .
Zu,’;HXk - V/‘H — min

j=

J=

N
k=

—
—

+m la sé mo hoa

+Clasdcum, N1asd phfin ttr dit lidu, r 12 s chiéu cua dit lidu.
+ uy; 1a d6 thudce cia ph?m tur dir liéu Xy tor cum j.

+ X, € R laphin tir tht k cia X =X, X,,.... X }.

+ V;la tam cua cum j.

Khi d6 rang budc cua (1) la:
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Str dung phuong phap Lagrange, xac dinh dugc tam cuia cum dya vao (3) va do thudc dua vao (4) tir ham muc
tiéu (1):
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m
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Khi d6 thuat toan Fuzzy C-means nhu sau (xem bang 1)

Bang 1. Thuat toan Fuzzy C-means

€)

4)

Input Tép dir liéu X gdém N phan tir trong khong gian r chiéu; sé cum C; mo héa m; ngudng €; s6 1an lap 1on
nhat MaxStep>0.
Output Ma tran U va tam cum V.
FCM
1 t=0
2 ug) <« random; (k =1,N; )= I,_C) thoa min diéu kién (2)
Repeat
4 t=t+1
5 Tinh Vj(’);(/‘ = ﬁ) boi cong thite (3)
6 Tinh u}; (k =1,N;j = ﬁ) boi cong thire (4)
7

Until HU(t) - U(’_I)H < & hodc t > MaxStep
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2.2. Théng tin bd trg trong phan cum md ban giam sat

Cac thuét toan phan cum m¢ ban giam sat xay dung dya trén cac thuét toan phan cum mo két hop vdi cac thong
tin bd tro duogc ngudi dung cung cép. Cac thong tin bd tro nham muc dich hudéng dan, giam sat va diéu khién qué trinh
phan cum. Théng tin bd trg thudng dwoc xay dung dua trén 3 loai co ban [31] 1a:

+ Céc rang bugc Must-link va Cannot-link: Rang budc Must-link yéu cau 2 phan tir phai thuc vao cing 1 cum,
nguoc lai rang bugc Cannot-link chi ra 2 phan tir khong thudc cung 1 cum (ma phai thugc 2 cum khac nhau).

+ Cac nhén 16p ciia mot phan dir liéu: Mot phan cua dir liéu dugc gan nhin va phan con lai khong duoc gan
nhan.

+ Dd thudc duogce xac dinh trude.

Mot s6 nghién ctru vé phan doan anh sir dung phan cum ban giam sat thuong dung loai thong tin bé tro 1a gia tri
ham d6 thuge bo sung. Vi loai thong tin bo trg nay, Zhang [30] da ap dung quy tac entropy dé giam sb chiéu va dé
xuit mot tiép can moi vOi y tuong la két hop mot thanh phan theo quy tic entropy vao ham muc tiéu. Bén canh do,
Yasunori [29] da dé xuét thuat toan phén cum mo ban gidm sat trén co sé cia FCM l?o sung thém ham d6 thudc bd trg
su dung trong qua trinh phan cum. Bouchachia va Pedryzc [3] sir dung thong tin bd trg vao viéc xac dinh céc thanh
phan u i thong qua gia tri trung gian LNll.k. Trong bai bao niy nhom chung t6i dé xuét viéc sir dung thong tin ham do
thudc 1a gia tri ham d6 thudc nhan dugc sau khi str dung thudt toan phan cum FCM. Céc thudt toan nay lan luot dugce
trinh bay trong muc 2.3 dudi day.

2.3. Céc thuit toan phan cum mé ban gidm sit sir dung thong tin bd trg vé do thude
2.3.1. Phan cum mo ban giam sat tiéu chuan (SEMI-SUPERVISED STANDARD FUZZY CLUSTERING)

) Yasunori et al. [29] da dé xuét mﬁ)t thuat toan phan cum mo ban giam sat vdi thong tin bd trg 1a ham do thude
bd sung trong ham muc tiéu cia FCM de¢ cai thién hi¢u qua trong qua trinh phan cum cua thuat toan. Khi d6 ham muc
tiéu [29] dugc xac dinh nhu sau

N C
JWU,V)= 22| Uy — Uy, "I X, -V, [|*— min
k=1 j=1 (5)
Vi diéu kién ring buge (2), khi d6 ham do thude bd tro ciia phin tir X, véi cum C, 1a u,, € [0,1] déng thoi
thoa man

U=y luge 01k =1N.j=1.C}, Zuk—l (vk=1N)

Khi d6 dwa vao diéu kién (2) va ham muc tiéu (5) chung ta cé

Vj — k:lN - ,] :1,
2‘”@ _ukj‘
= (6)
Vau i dugc xac dinh theo 2 trudng hop sau
-m>1:
2
1 m—1
_ c__ X -V — —
Mkaukj‘l'(l— uk/\ || ¢ j" L,k:L ’j:L . (7)
i=1 i 1 1”’1
2\ v
-m=1

C
w +1-Nu, k= in| X, -V’ .
uy=1" ;u"’ wreminls =7 k=LN, j=1C. ®)

u, ,otherwise.

Thuat toan Semi-Supervised Standard Fuzzy Clustering (SSSFC) nhu sau (xem bang 2)
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Bang 2. Thuit todn Semi-Supervised Standard Fuzzy Clustering

Input Tap dir liéu X g6m N ph?m tt , s6 cum C, ma tran do thudc bd trg (_], ngudng &, s6 1an lap tdi da
maxStep > 0.
Output Ma tran U va tam cum V.
SSSFC
1: t=0
2: Khéi tao ngau nhién V/',(t); (j= I,_C)
Repeat
4: t=t+1
Tinh w,, (k=1,N ; j =1,C ) b6i cong thic (7) véi m > 1 hoge cong thirc (8) véi m=1.
6: , U+, o T AN e A i
Tinh Vj (j =1,C) boi cong thirc (6)
7: Until HV(Z) - V(H)H < € or t>maxStep

2.3.2. Phan cum m& ban giam sat da hiéu chinh (SEMI-SUPERVISED ENTROPY REGULARIZED FUZZY

CLUSTERING)

Thuét toan semi-supervised entropy regularized fuzzy clustering duoc Yasunori va cong su [29] dé xuit nim
2009, dén nam 2012 Yin [30] c6 dé€ xuat hi¢u chinh hé so Entropy va khi d6 thuét toan phan cum mo ban giam sat dya

trén thuat toan Entropy Regularized Fuzzy Clustering (eSFCM), st dung d6 thudc bd trg Uy dé tang hiéu suét phan

cum véi didu kién

C
Ni, <, u,eloll  Vk=LN
=1

V&i thm cum ban du duge xac dinh theo cong thire

- 2
Z”ij k
=kl o] C

- N
2
Uy

k=1

bPé su dung khoang cach Mahalanobis, ma tran hiép phuong sai ctia cac mau duoc tinh nhu sau

C N
PN (Xk -V, )(Xk -V, )T

1
N j=1 k=1

Vi

A=

Sau d6, khoang cach dugc tinh boi cong thirc (voi A = P_I)
2 T
dy(x,x,) = (xl - xz) A(xl - xz)

Khi d6 ham muyc tiéu [29, 30] cia eSFCM dugc xac dinh nhu sau

N C 5 N C _ _
J(U»V): ;Z“;{,HX;{ - VjHA +/11;20ukj —ukj‘ln‘ukj —ukj‘)—> min
=l j= =1 j=

Vi diéu kién rang bugc (8) va ham muc tiéu (13) ta c6 cac cong thirc xac dinh ma tran do thudc

o -Axev | c __ _ _
Uy =u, +—(1_2”1ﬂ'} k=1L,N, j=1C

2
A =

M- o

i=l1

2
Trong d6 HXk - V_].HA =d 4 ;) vatim cum

(€))

(10)

(I

(12)

(13)

(14)



134 PANH GIA HIEU NANG CUA THUAT TOAN PHAN CUM MO BAN GIAM SAT CHO BAI TOAN PHAN POAN ANH NHA KHOA

N
ZJ’/{X/( =
Vj= k=1_% a_]:l;C

N
Zkzl uk/‘

Thuat toan Semi-Supervised Entropy Regularized Fuzzy Clustering (eSFCM) nhu sau (xem bang 3)

(15)

Bang 3. Thuat toan Semi-Supervised Entropy Regularized Fuzzy Clustering

Input Tap dir liéu X g6m N ph?m tir, s6 cum C, do thudc bo trg U , ngudng &, s6 lan lap tdi da maxStep > 0.
Output Ma tran U va tam cym V.

eSFCM

I: Tinh ma tran P theo cong thire (11) v&i ma tran d6 thude U di cho va cac thm cum vV ; ban dau;

2: t=1;

3: Repeat

4 t=t+1

> Tinh u,, (k =1,N ; j =1,C ) bsi cong thirc (14)

6: Tinh V(H )( =1,C ,C ) boi cong thire (15)

7 Until HUU) - U(H)H < € ort>maxStep

2.3.3. Thugt toan Semi-Supervised Fuzzy C-Mean ciia Bouchachia va Pedrycz
Bouchachia va Pedrycz [3] dd dé xuit phuong phap phan cum md ban giam sat v6i théng tin bd tro 1a d6 thude

bd tro Uy cho trudgc, khi d6 ham muc tiéu [3] duoc xac dinh béi

JWU,V,A) = iiuidi + aii(”ik _u_ik)zdii _ﬂ'i (uik -1 (16)
i=l

i=l k=l i=l k=l
Tham sé A dugc xac dinh bai cong thire

l: — i=1 k1=1 (17)
221 2(1+a)d?

vOi cac ph?m tr cia ma tran d0 thudc U dugc tinh nhu sau

=% 4 — (18)

H
Vi 1 1as6 1p, mdi lop A chira mot sé cac cym C,, thoaman Y C, = Cva 71, 1a tap cac cym thudc vao
h=1
16p /i thi cac gia tri 17[.,( duoc cho boi cong thire (t 1a s6 bude lap)

—@ @D 1, kerm
Uy ZUy +2/0, 2 S — Z“(t Y *{ " (19)

Py 0, ker,

Tam cum i dugc xac dinh béi

ﬁ:(u2 +a(u; - ,k)z)xj

v, =L — (20)
Z (uj + Ot(ul.j - ul.k)z)

J=1

Thuat toan dugc thyc hién theo cac bude nhu sau (xem bang 4)
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Bang 4. Thuat toan Semi-Supervised Fuzzy C-Mean cua Bouchachia va Pedrycz

Input Tap dir liéu X gém N ph?ln ttr , s& cum C, do thudc bd tro (7 , ngudng &, s6 lan lap tdi da maxStep > 0.
Output Ma tran U va tam cum V.
SSFCMBP

1 Ap dung FCM cho toan b dir liéu (ca dit liéu duoc gan nhan va khong duoc gan nhén) dé nhan dugc ma

tran d¢ thuge U”

2 Xac dinh tap 7, cua mdi 16p

3 Xéc dinh ma tran M = (m hi ) 1 trong do: m,, =1 néu cum 7 thugc 16p 4 va bang 0 néu nguoc lai

4 . —(0) .

Khoitao U véi U dico, t=0

5 Repeat

6 t=t+1

7 Repeat

8 i 770 . i

Tinh toan U~ theo cong thirc (19)
9 —() =)
Until (U " -U <7

10 Repeat

11 Tinh V' ding cong thire (20)

12 Tinh U ding cong thirc (18)

13 il [ -0 <e

14 Tinh toan ma tran M

15 Until M = M"" hoic sé lan 13p 16n nhit

III. LUQGC PO TONG QUAT PHAN POAN ANH NHA KHOA
3.1. Chuin bi dir li¢u

Dir lidu vao 1a mot tp duge xay dung dua trén bo dir li¢u thuc té gém 8 anh X-quang nha khoa cta cac bénh
nhan trong giai doan 2014-2015 tai truong Pai hoc Y Ha N(f)i de ‘phuc vu viéc chan doan hinh anh. Cac anh déu la loai
Panoramic duoc chup rang cua ting bénh nhan (hinh 2.a). Anh déu c6 kich thuéc 200x174, véi Horizortal resolution 1a
96dpi, voi vertical resolution la 96dpi.

3.2. Lwoc dd phan doan anh nha khoa

Tu tuong cua thuat toan tong quat phan doan anh nha khoa (hinh 1) 1a véi mdi anh X- -quang nha khoa tir co s6
dir liéu thyc té dugc chuan bi & muc 3.1, ap dung phwong phéap 1iy ngudng Ostu [19] toan phin cia anh nhim tach

duoc phan rang cua anh. Sau do, thudt toan phan cum FCM duoc st dung dé tao ra ma tran do thudc bd tro U tr d6 co
the stir dung cac phuong phap phan cum mo ban giam sat vdi thong tin bo trg 1a mirc d¢ thudc biét trudce. Vi cac thuét
toan eSFCM va SSFCMDB thi ma trdn U con trai qua buéc loai suy str dung todn tir min trwdce khi dwa vao thuét toan
phén cum mo ban giam sat. K&t qua cua budce nay la xac dinh duge ma tran d6 thugc U va cac tam cum V voi cac anh
dau vao da cho. Cudi cung, hi¢u ndng cua thudt toan dugc danh gia trén cac do do DB, SSWC, PBM, IFV [10, 25, 27]
v6i cong thire tinh gia tri cua tirng d6 do duoc trinh cy thé nhu sau:

Dé do Davies- Bouldin (DB [27]) lién quan dén tiéu chuén ti s& phuong sai (VRC) trong do, dua trén ti s gitra
cac khoang cach trong nhém va ngoai nhom. Pac biét la d§ do xac dinh chat lugng ctia phan hoach theo cong thuc sau

DB:liD, @n

I=1
Trong d6

Dl :Ill'laX {Dl,m };Dl,m = (671 +Jm)/dm,l

Vé6i d,,d, 1a cac khoang cach trong nhom trung binh cua cac cum thir / va tha m twong Ung, con d, , 1a

khoang cach giita cac cum nay. Véi cong thirc tinh nhu sau:
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- 1 _ _
di= 2p=x]: d, =[5 -5
| x;€C,
Khi cac thuat toan dugc cai dat thyc nghiém, Kkét qua do do DB nhén dugc cang nho cang tbt.

Dé do Simplified Silhouete Width Criterion (SSWC) [27] dugc phat trién trén co sé do do Silhouette width
criterion (SWC) [25]

N
Sswe =L s, (22)
N = J

Trong d6, cac s6 hang s duoc xac dinh theo cong thirc
J

b

b — 4

— psJ
S =
" maxy, .,b
P> psJ
vol a b duoc xac dinh nhu 12 d6 khéc biét caa d6i tuong thr j toi tAm cum p cia n6. Tuong tu nhu vy d 0.

duoc tinh toan nhu 1a d6 khac biét ciia d6i twong thir j téi tim cum ¢, ¢ # p va bp j (1a gia tri nho nhat cia d 0 1=1,

2,... kva g # p) tr¢ thanh d¢ khac biét cua dbi twong thir j t6i tim cum 1an c4n gan né nhat. Y tuong 1a thay thé cac
khoang céch trung binh bang cac khoang cach tdi cac diém ky vong. Vi d6 do SSWC, khi cai dat thyc nghiém, gia tri
d6 do cang 16n thi thuat toan cang hi¢u qua.

Anh dAu vao, cic tham

I

2 . Kho
Kiém tra c6 lgi hay ong

khong?

ch

St dung phwong phép xtr 1y anh lay ngudng Ostu, ding level set tich
riéng cdc ngudng & phin ring

Str dung FCM dé phan doan anh va xac dinh ma tran do thudc 5 lam
thong tin hd tro cho cac phuong phap phan cum mo ban giam sat

'

Str dung cac thuat toan phan cum md ban giam sat dé phan doan anh

v
Panh gia hiéu nang thuat toan véi cac d6 do IFV, PBM, DB, SSWC

DPua ra anh phan doan, cac d¢ do danh

) 4
End

Hinh 1. Luoc d tong quat phan doan anh nha khoa
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D¢ do PBM [27], cling dua trén cac khoang cach trong cum va khoang cach giira cac cum va duoc tinh theo
cong thirc

2
PBM = LE DK) (23)
k E; J
trong do

k
E =3 2 |=%| D= max 5 -,

1=l xec, UMb

Do do PBM cang cao thi hiéu nang ciia thuat toan cang cao. Do d6 phan hoach tt nhat s& cho biét khi nao PBM
dat cuc dai, diéu nay c6 nghia la D, dat cuc dai trong khi E dat cuc tiéu.
D¢ do IFV [10] dugc md ta bdi phuong trinh sau

A R 1 & | sp 24)
IFV =— — > u,.|log,C—— ) log,u,, | px—22%
Cjz:} Nkz:} i |: 2, Nkz::, 23 kj] o,
trong do

SD_,. =max

k#j

RS fo iy

Gia tri ciia do do IFV trong thyc nghiém ti 1€ thuan vdi hiéu nang cua thudt toan dugc cai dat.

Trudc khi thuce hién phan doan anh, phuong phép 1ay ngudng Otsu duge st dung dé bién doi anh ban dau thanh
anh nhi phan. Phuong phap nay dugc tac gia Otsu gidi thiéu trong [19] va ciling dugc Rad va cong su su dung trong
viéc phan doan anh X-quang nha khoa [23]. V6i dit liéu dau vao la anh dugc phén chia thanh 3 ving theo mét d6 phan
phdi: Ving c6 mat do thap nhit twong tmg v6i nén hay mé mém. Ving c6 mat do trung binh twong tng vGi vung
xuong va ving c6 mét do cao nhat tvong ing véi ving rang. Tuy nhién, trong nhiéu anh, mat d6 ving rang kha gan véi
mat do ving xwong khién cho qua trinh phan doan dnh gip nhiéu kho khin hon.

Lay ngudng l1a phuong phap dua trén diém anh don gian nhit va nhanh nhat. C6 nhiéu k¥ thuat dé liy ngudng.
K§ thuat don gian nhat trong lay ngudng la phan hoach cép xam anh thanh 2 ving dwa vao mot ngudng toan cuc T.
Trong truong hop nay, phuong phap lay ngudng Otsu thuc hién bang cach chon ngudng dé cuc tiéu hoa cac thay doi
trong noi bd 16p cac diém anh den tring va gan nhan mdi diém anh 1a thuoc ving anh hay ving nén. Cu thé, viéc gan
nhan duoc thuc hién dya trén gia tri cua diém anh theo mirc xam, nghia 14 so sanh mirc xAm v6i ngudng T nhu sau

a(x) = {ro khi f(x)=T

(25)
khi  f(x)<T

) Két qua cua viée Kiy ngudng la tao ra cac anh nhi phan va tir d6 lam don gian hoa viéc phén tich anh cho budc
tiép theo. Phuong phép lay ngudng Otsu duoc thuc hién theo cac bude sau (Xem bang 5).

Bing 5. Phuong phép ldy ngudng Otsu

Céc budc thyc hién ctua phuong phép 14y ngudng Otsu

Input Mot énh, MaxStep
Output Anh nhj phan ctia anh dau vao.
SSFCM(B)
1 Chon mot uéc lwong khoi tao cho ngudng T © ;=1
2 Repeat
3 t=t+1;
4 Phén hoach anh da cho thanh 2 nhom R, R, (theo ngudng T’ Oy
5 Tinh toan céac gia tri mirc xam trung binh ,ul“), 1" cia 2 nhém R, R,
6 N o, 7O L0 0
Chon ngudng méi theo cong thirc 7' (,u +1,7)
7 Until uf’) = uf’ Y, /JQ') = /JEH) hoac t = MaxStep
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IV. KET QUA THU'C NGHIEM
4.1. M6 ta thue nghiém

Trong phan nay chang t6i trinh bay cac két qua thuc nghiém trén bo dir liéu da duoc xac dinh & muc 3.1, véi cac
thudt toan phan cum mo ban giam sat dugc trinh bay & muc 2.3 bang ngén ngit Matlab 2014. Chuong trinh chay trén
Laptop Vaio v&i b vi xtt Iy Core 15. Cac thuat toan duoc cai dat trén cung mot bo dir liéu 1a 8 anh X-quang nha khoa
thu thap duogc. Cac do do dung dé danh gia va so sanh hiéu ning cta cac thuat toan dugc cai dit trong bai bao nay gdm
DB, SSWC, PBM, IFV nhu da trinh bay ¢ muc 3.2.

4.2. Két qua thuc nghiém

Két qua thyc hién voi cdc tiéu chi danh gia cua cac thuat toan phan cum mo ban giam sat (pha‘fln 2.3) trén bo dur
liéu cu thé (xem bang 6, 7, 8) vdi cac tham so dau vao bao gom: ngudng: 10, véi Epsilon: 0.005 va so 1an 1ap 16n nhat:
150.

Bang 6. Két qua cac chi sb thyc nghiém véi sb cum = 3

Phuong phap | FCM SSSFC eSFCM SSFCMBP
Data 1
PBM 47166.763267 1587.227878 43897.732877 40327.782327
SSWC 0.577739 0.572146 0.571214 0.429221
DB 0.601091 5.73821 0.621642 0.611642
IFV 22.018722 25.389831 330.425521 10.929382
Data 2
PBM 29610.703220 342.737181 25992.878821 26882.198211
SSWC 0.624387 0.632198 0.6252837 0.624339
DB 0.606267 1.142372 0.672193 0.662183
IFV 22.201283 34.152656 203.467672 13.289489
Data 3
PBM 28096.723773 4789.898873 257821.378378 25787.378278
SSwcC 0.539394 0.540217 0.540087 0.542828
DB 0.711814 1.894723 0.769023 0.819873
IFV 19.168383 41.528998 161.928989 9.093173
Data 4
PBM 103256.028772 1586.872362 99829.988822 89222.895212
SSwcC 0.547772 0.563253 0.553281 0.544327
DB 0.588645 8.332222 0.581261 0.992926
IFV 28.345276 29.998222 219.921231 16.832787
Data §
PBM 74223.873266 2816.873326 67248.177798 68688.326652
SSwcC 0.604272 0.604257 0.604373 0.604622
DB 0.599762 2.484189 0.642738 0.612378
IFV 25.500387 34111177 658.832992 13.748722
Data 6
PBM 110390.200332 1807.766311 9982.783733 103822.732667
SSwcC 0.644225 0.654322 0.645777 0.644332
DB 0.569179 2.783762 0.605873 0.680012
IFV 28.456532 28.846532 1041.624441 13.868511
Data 7
PBM 79164.328133 5876.247423 67702.276642 63237.765622
SSwcC 0.602270 0.603823 0.610002 0.602832
DB 0.588535 2.716762 0.639828 0.646737
IFV 25.936908 29.991291 494.121722 11.087278
Data 8
PBM 57151.765814 2824.322212 25778.321712 21453.882211
SSWC 0.522732 0.522273 0.528978 0.524576
DB 0.646381 4928111 0.792112 0.821712
IFV 24.941394 34.882939 1630.162183 14.723812
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Bang 7. Két qua céc chi $6 thuc nghi¢m véi s6 cum =5
Phuong phap FCM SSSFC eSFCM SSFCMBP
Data 1
PBM 61666.824165 6240.449832 54212.762076 57404.729090
SSWC 0.517739 0.518746 0.542414 0.429321
DB 0.611091 5.738921 0.631642 0.621642
IFV 33.416878 35.900182 1267.277029 19.029382
Data 2
PBM 49287.070864 1862.822645 40246.290224 24743.840318
SSWC 0.540383 0.544823 0.543828 0.539967
DB 0.611665 2.896281 0.7128722 1.174462
IFV 40.228110 47.046271 690.114841 17.982772
Data 3
PBM 47963.576830 1678.338892 66678.982727 32301.040788
SSWC 0.522394 0.522587 0.576251 0.547628
DB 0.764437 9.201928 0.567892 1.247827
IFV 36.141283 36.789823 528.505938 15.987222
Data 4
PBM 209653.827632 1586.872732 177829.983722 127622.765212
SSWC 0.528732 0.522253 0.532281 0.524555
DB 0.58828 7.332912 0.527261 1.386222
IFV 42.983738 39.998372 218.982731 18.982732
Data §
PBM 85156.278940 5673.667255 80058.435268 66423.668726
SSWC 0.563214 0.564321 0.566577 0.566810
DB 0.606720 2.432009 0.632009 0.6982112
IFV 35.541832 66.017004 2655.085156 24.561982
Data 6
PBM 127832.762911 1267.563929 118730.322782 96722.635211
SSWC 0.601084 0.610293 0.602938 0.593831
DB 0.604493 9.123922 0.601292 0.723782
IFV 38.606027 50.463722 3960.932898 16.832722
Data 7
PBM 1270721.863616 1227.772193 109161.827332 96820.737281
SSWC 0.588987 0.589921 0.583983 0.574455
DB 0.580898 9.239329 0.658433 0.739282
IFV 43.461738 43.488343 2938.347828 19.783475
Data 8
PBM 75514.239983 1994.392832 66079.327787 68453.887732
SSWC 0.522732 0.522273 0.528978 0.524576
DB 0.664789 3.988221 0.765336 0.762877
IFV 39.993087 62.873872 3230.169283 18.534422
Bang 8. Két qua cac chi sb thyc nghiém véi sé cym =7
Phuong phap FCM SSSFC eSFCM SSFCMBP
Data 1
PBM 95055.230503 548.635556 77893.763263 37892.873232
SSWC 0.564970 0.565673 0.576439 0.559998
DB 0.569244 7.298338 0.653535 1.144333
IFV 46.317577 42.460483 3627.326732 15.562522
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Phuong phap FCM SSSFC eSFCM SSFCMBP
Data 2
PBM 6433.905886 543.348742 50673.326873 27363.238947
SSwcC 0.547313 0.55722 0.549873 0.538763
DB 0.576285 6.187238 0.668239 1.345562
IFV 50.696911 48.898983 452.238732 16.000933
Data 3
PBM 113420.969326 417.327823 92349.238892 19462.263824
SSWC 0.549372 0.550938 0.551278 0.483773
DB 0.555236 9.238989 0.6423793 1.772389
IFV 60.499163 43.468333 167.555622 15.673632
Data 4
PBM 255591.317211 231.892121 122361.671387 219328.781761
SSWC 0.573811 0.568392 0.571789 0.566311
DB 0.552037 9.973129 0.576327 1.931612
IFV 56.354521 45.873111 93.897321 13.378987
Data §
PBM 111220.373232 651.993473 98477.483232 57098.236776
SSWC 0.562161 0.563884 0.570023 0.568989
DB 0.627337 9.237878 0.687843 1.138743
IFV 42.957956 51.636673 2091.737837 16.255367
Data 6
PBM 150390.038824 545.767431 232972.783732 50409.7483367
SSWC 0.588982 0.653728 0.623897 0.564332
DB 0.599174 9.197832 0.632378 0.998237
IFV 43.872323 59.786434 10411.632741 14.868231
Data 7
PBM 147214.432433 1037.456773 67702.276642 63237.765622
SSWC 0.593452 0.593322 0.597382 0.597322
DB 0.559836 5.524322 0.629322 0.921263
IFV 51.742398 54.326363 9945.263732 22.009832
Data 8
PBM 91231.067189 821.128936 67211.871131 61211.873923
SSWC 0.553452 0.568238 0.577323 0.547778
DB 0.634355 5.521311 0.782361 0.832361
IFV 49.187623 65.873212 762.327812 15.871391

_ Khi chay thu nghiém trén bg dir liéu anh, tir cac gia tri cua cac dg do (két qua dugc ghi trong cac Bang 6, 7, 8)
ta dé dang nhan thay hiéu nang cla cac thuat toan dugc danh gia mot cach cu thé va co6 su khac biét nhat dinh khi st
dung cac d¢ do khac nhau dugc thé hién trong bang 9.

Béng 9. Gia trj trung binh va phuong sai cua cac d6 do theo tig thuat toan

FCM SSSFC eSFCM SSFCMBP

PBM 182693.8865 2695.654425 84343.7251 65850.39874
+1.0974E+11 +3394657.201 +3042195537 + 1041363580

SSWC 0.559722 0.561788 0.56806232 0.546640125
+0.001427 +0.001631 +0.00108808 +0.003032369

DB 0.624018 5.413642 0.64658935 0.856503058
+0.002758 +7.9108391 +0.00527253 +0.065165523

IFV 34.054761 42.669034 1488.30484 16.95677384

+55.483311 +35.897045 +1663179.26 +13.6812291
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Nhan xét chung: ddi voi bo dit lidu trén va véi cac gia tri khac nhau cua s6 cum C, thuat toan FCM va eSFCM
¢6 hiéu qua tdt nhu nhau (ca 2 thuat toan trén déu c6 2 d6 do nhan gia tri tbt nhét). Xét trén tirng d do, trung binh cla
cac thuat toan cung phuong sai cia né dugc thé hién cu thé trong bang 9. Dé so sanh hiéu nang cua cac thuat toan dua
trén cac do do vé mit dinh luong giita cac thuat toan tot nhat véi thuat toan con lai, mdi lién hé vé gia tri cac d6 do ung
v6i mdi thuat toan dwoc thé hién trong bang 10 dudi day.

Bing 10. S6 1dn hon cua cac thuat toan t6t nhit so véi cac thuat toan khéc theo timg chi sé

S6 lan hon FCM SSSFC eSFCM SSFCMBP
PBM 1 89.53 2.70 3.38
SSWC 1.02 1.02 1 1.04
DB 1 9.92 1.01 1.46
IFV 49.91 40.49 1 102.11

Tu bang 10, vai gia tri thu dugce khi dung d¢ do PBM, thuét toan FCM c¢6 hiéu nang vuot trdi so voi SSSFC
(gap 89.53 lan) va co hiéu nang 16n hon khong dang ké so v6i cac thuat toan eSFCM, SSFCMBP (gép 2-3 1an). Vé&i do
do SSWC, thuat toan eSFCM c6 hi¢u qua khong cao hon so véi cac thuat toan con lai (cac gia tri dd do & cac thuat toan
1a x4p xi bang nhau). O d6 do DB, FCM ciing ¢6 hiéu qua hon so v&i SSSFC nhung khéng cao (9.92 1an) con véi cac
thuat toan eSFCM va SSFCMBP thi hi¢u nang cua FCM la twong duong (cac gia tri do0 do chénh l¢ch nhau khong
nhiéu). Cudi cung, khi danh gi4 bing d6 do IFV thi thuét toan eSFCM dat hiéu qua cao hon hén so v6i cac thudt toan
FCM va SSSFC (cao gép 40.50 lan), ddc biét 14 so véi thudt toan SSFCMBP (gié tri d do cao gép 102.11 lan). Két qua
phan doan anh nha khoa dwoc minh hoa bang Hinh 2 dudi day.

(2.a) Anh gbc ban dau (2.b) Anh sau khi lay ngudng Otsu (2 ¢) Két qua phan cum bang FCM

(2.f) Phan cum bing SSFCMBP

(2.d) Phan cum biang SSSFC

(2.¢) Phan cum bing eSFCM

Hinh 2. Két qua thuc nghiém trén dnh Data 1
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IV. KET LUAN

Trong bai bao nay, chung toi tip trung nghién ctru vé bai toan phan doan anh nha khoa theo tiép can phan ving
dbi tuong. Pong gop chinh cua bai bao 1a di dwa ra duge mot luge dd tong quat mai cho bai toan nay thé hién trong
muc I1I, trong d6 st dung két hop phuong phép 1y ngudng Otsu, thuat giai FCM va thuét toan phan cum mo ban giam
sat. Cac thudt toan phan cum mo ban gidm sat véi thong tin b6 tro 1a ma trdn d6 thudc duoc tong quan ki ludng trong
muc II va dugc cai dat trong khung lugc dd moi dé tao nén cac bién thé khac nhau cua thuat toan phéan doan anh nha
khoa. Tur day, hiéu nang cia cac bién thé nay theo cac bg dir li¢u va cac tham sb khac nhau duge khao sat dé tim ra
thuat toan phan cum md ban giam sat c6 két qua tot nhét cho bai toan nay.

Két qua thu duoc ctia bai bao nay 1a: i) ching t6i di chi ra bang thuc nghiém thuat toan eSFCM la thuat toan
phan cum md ban giam sat tt nhat va phi hop nhét cho bai todn phan doan anh nha khoa; ii) Gia tri trung binh va
phuong sai ctia cac do do cia eSFCM duoc thé hién trong bang 9, cho phép ching ta uéc luong duoc gia tri clia cac do
do nay cho mot bo dit lidu cu thé; iii) Két qua minh hoa trén anh nha khoa dwoc thé hién cu thé trong Hinh 2.

Tir nghién ctru ndy, mot sd nhan xét sau day 1a goi ¥ cho cic hudng phat trién trong tuwong lai: ching toi s&
nghién ctru tiép dé tim ra cic bd tham sé phu hop nhét, dong thoi chiing toi thuc hién so sanh két qua phan doan anh
nha khoa ctia cac thuat toan phan cum ban giam sat véi phuong phap xt 1y anh khac thong qua cac d6 do khac nhau.
Ddng thoi nghién ctru nay 1a tién dé trong cac nghién ciru tiép theo dé cai tién thudt toan phan doan anh nha khoa dua
trén phan cum mo ban giam sat véi cac thong tin khong gian déc trung ctia anh nha khoa.

LOI CAM ON — Nghién ctru nay duge thuc hién dudi sy tai trg cia dé tai cap PHQG, mi s6: QG.14.60.
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PERFORMANCE ASSESSMENT OF SEMI-SUPERVISED FUZZY
CLUSTERING ALGORITHMS FOR DENTAL IMAGE SEGMENTATION

Tran Manh Tuan, Pham Huy Thong, Le Hoang Son, Nguyen Dinh Hoa

ABSTRACT — Dental image segmentation is an important process in practical dentistry for diagnosis of periodontitis diseases.
Traditional image processing algorithms and hard clustering methods often meet the challenges on determining threshold
parameters or common bounds of teeth samples. In this paper, we propose a new general scheme to apply semi-supervised fuzzy
clustering algorithms for dental image segmentation. Performances of the algorithms on a database including 8 dental images from
Hanoi Medical University are assessed. Suggestions on the most effective algorithms among all are given.

Key words: Semi-supervised fuzzy clustering, dental image segmentation, performance assessment.



