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TOM TAT: Phan cum di# lidu c6 nhiéu ing dung trong thyc tién, tuy nhién trong nhiéu trieong hop mét heong nhé théng tin
b6 tro dioe cung cdp hé tro' cho qud trinh phan cum. Ddy chinh ld ¥ tiedng ciia phdan cum ban giam sat. Thudt todn phdn cum bdn
giam sat mo dwoc xdy dung dwa trén thudt toan phdn cum mo két hop voi thong tin bé tro bao gém: cac dir liéu da dwoc gan nhan
(labeled data), cdc rang budc (constraints) nhw must-link(u,v) va cannot-link(u,v) va théng tin ham thudc nham diéu chinh cdc
thanh phan trong cum dé lam tang chdt lwong cum. Bdi bdo ndy dé xudt mot thudt todn phan cum bdan gidm sat mo méi véi nhiéu
tham sé mo va ung dung thudt todan dé xuat trong phdn doan anh nha khoa. Két quad thuc nghiém trén dir liéu chuén UCI va di liéu
thuc tai Truong Dai hoc Y Ha Ngi cho thd'y thudt toan phdn cum ban giam sdat mo moi co hiéu nang 16t hon so véi cdc thudt todn
phadn cum ban gidm s&t mo lién quan.

Tir khoa: Phan cum ban giam sat mo, tham 56 mo, anh nha khoa, phdn doan anh, hiéu nang thudt toan.

I. GIOI THIEU

Phan cum dir liéu 1a qua trinh phan chia dir liéu thanh cac cum khac nhau, véi cac diém dir liéu trong cting mot
cum cé do tuong dong cao va cac diém dir liéu & cac cum khac nhau d6 twong dong thap [1, 10]. Ngudi ta chia phan
cum dir liéu thanh 2 loai co ban phan cym ctng va phan cym mo. Phan cym cing thi mot diém dir liéu chi c6 thé thudc
vé mdt cum. Phan cum mé thi mot diém dit liéu co thé thudc vé& nhiéu cum khéc nhau véi cac do thudce khac nhau.
Trong nhiéu trudng hop mot lugng nho théng tin b trg duge cung cap hd tro cho qué trinh phan cum. Pay chinh 14
tuong cua phan cum ban giam sat.

Trong mot so nghién ctru gan day, HaitaoGan cing cong su [3] dé xuit phuong phap phan cum ban giam sat an
toan voi trong sO vé& do tin cdy. M6 hinh cua cac tac gia nham xac dinh d6 an toan cua moi mau vi trong dir li¢u, timg
mAu s& c¢6 anh hudng khac nhau dén két qua thyc hién mé hinh. Nghia 13, mot mau c6 két qua phan cum chinh xac cao
thi c6 do tin cay cao. Vi 3 giai doan thyue hién, mo hinh xac dinh cac mau dugce gan nhan sé dugc khai thac an toan.
Hiéu qua ciia md hinh dwoc danh gia bang cach so sanh véi cac phuong phap phan cum khong giam sat va cac phuong
phép phan cum ban giam sat khéac trén cac bo dit lidu cu thé. Toshiaki Kondo cing cong su [6] d& xuit mot phuong
phap tu dong dé phan doan anh riang tir hinh anh s héa 3 chiéu dwoc chup bi may quét laser. Phuong phap nay s&
giam duoc su phirc tap cua viée xir 1y truc tiép ludi dit liéu 3 chidu bang cach phat hién cac dic tinh trén hai ving hinh
anh tir hinh anh 3 chiéu. Li va cac cong sy [7] thudt toan phan cum ban giam sat md rit hiéu qua trong nhiéu linh vuc
nhu xur 1y anh.

Trong phan doan anh, Dhanachandra va cdng su [2] d2 st dung phan cum trong phan doan dnh, Lé Hoang Son
va cOng su [12, 13] ciing dé chi ra phuong phap phén cum bén gidm sat mo cho hiéu nang t6t hon so v6i mot sd thuat
toan cung loai. OmaimaNomir ciing cong su [9] dwa ra mot hé thong ty dong xir 1y phan doan hinh anh X-quang nha
khoa. Hé thong tyr dong phan doan hinh anh nha khoa X-quang dua vao timg rang va loai bo duong vién ciia mdi chiée
ring. Pay 1a mot phuong phap méi dugc phat trién cho phan tich ring dua trén phép chiéu tich phan. Két qua thir
nghiém trén mét co' s¢ dir liéu nho anh X-quang nha khoa la dang khich 1¢. Shuo Li va cong su [10] dd dé xudt mot
khung ty dong phan doan da cip do trong moi truong may tinh hd trg phan tich anh X-quang nha khoa. Abdolvahab
Ehsani Rad cung cong sy [11] da dua ra mét s6 cach tlep can khac nhau trong phén doan hinh anh dugc st dung aé
phan tich hinh anh X-quang nha khoa, tir d6 c6 dugc két qua phi hop, cin phai thuc hién phuong phap phan doan
chinh xac va hiéu qua, cac phuong phap nay da duoc thir nghiém trong phan doan hinh anh X-quang. Cac nghién ctru
nay tap trung vao viéc diéu chinh céc thanh phan trong cum dé lam ting hiéu nang tur d6 1am tang chat luong cua phan
doan anh. Trong d6 c6 mot yéu to anh huong dén chat luong cum 1a tham sé mo chwa dugc dé cap nghién ctru nhleu
Trong gian gan day, Tran Dinh Khang va cong su [5] di nghién ctru dé cap dén viéc Iua chon thich nghi tham s6 md
véi tung diém di liéu dé lam tang chét luvong cum.

Trong nghién ctru niy, ching toi dwa ra cai tién thuit toan phian cum ban giAm sat mo chuin véi nhidu
tham s6 mo v6i muc tiéu ting cuong chat lugng cum va dp dung thuat toan ndy cho bai toan phan doan anh nha khoa.
Dé thyc hién diéu nay, ching t6i xay dung mdt mo hinh toan hoc dudi dang bai toan t61 wu va sur dung céc thong tin bd
trg dé cai thién chit lwong phan doan anh. Chit luong cua qué trinh phan doan anh tét giGp cho qué trinh xir Iy anh
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dugc chinh x4c hon. Do vay ching t6i tap trung tng dung thudt toan d& xuit vao phan doan anh X-quang nha khoa
nham muc dich trg giap qua trinh hod tro chan doan dugc chinh xac hon.

IL. PHAN CUM BAN GIAM SAT MO
2.1. Thudt todn phin cum mo Fuzzy C-Means (FCM)

Thuat toan phan cum m¢ (FCM) dugc Bezdek [1] dua trén viéc tdi wu hoa khoang cach cac diém dir lidu voi
tdm. Ham muc tiéu dugc xac dinh boi cong thire (1):
2 ,
JW.V) = B X5 | X = V|| - Min )

Trong d6: X 1a tap dir liéu ngudn {X;, X5, ..., X, ..., Xy} v6i N diém dit liéu, C 13 s6 cum, V 1a tip cac tim cum
{Vl, Vor s Vi ooy VC}, U l1a o thudc cia phﬁn to i vao cum j, m tham s6 mo.
Véi diéu kién rang budc (2):
Y u;=1 Vk=1N (2)

Dua vao phuong phap nhéan tir Lagrange véi ham muc tiéu (1) va diéu kién (2) ta tinh dugc tdm V theo cong
thire (3), ma tran d¢ thudc U theo cong thurc (4)
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Thuat toan phan cum mo (Fuzzy C-Mean Clustering) dugc thuc hién theo Bang 1:
Bang 1. Thuat toan Fuzzy C-Mean Clustering

Input Tap dit liéu X gdm N phan tir , s6 cum C, ngudng e, s6 lan lap toi da maxStep > 0.
Output Ma tran U va tdm cum V.

FCM

1 t=0

2 Khéi tao ngau nhién V't

3 Repeat

4 t=t+1

5 Tinh ma tran U* dua trén cong thirc (4)

6 Tinh ma tran V¢ dya trén cong thic (3)

7 Until [V® —vE-D|| > ¢ or t > maxStep

2.2. Phdn cum bdn gidm sdt mo

Thuét toan phan cum ban giam sat mo dugc xay dung dya trén cac thuat toan phan cum mo két hop vai cac
thong tin b tro duge ngudi ding cung cp. Thong tin bd tro [16] cho phan cum ban gidm sat mo ¢6 3 dang co ban
gdm cac rang bugc Must-link va Cannot-link; cic nhan 16p ctia mot phan dit liéu va d¢ thude duge xac dinh trudc.

Thuét toan phan cum ban gidm sat m& chudn dwoc Yasunori [15] dé xuét dua trén phan cum ma (FCM) két hop
véi thong tin bod tro U duge xac dinh trudc, c6 ham myc tiéu nhu cong thirc (5)
JW,V) = X 350l — g™ 11X, = Vil|? = min (5)
Khi d6 ¢6 b sung thém diéu kién ring budc cia thong tin bo tro: ¥, Uy < 1 (vk = 1,N)

Duya vao phuong phap Lagrange véi ham muc tiéu (5) va diéu kién (2) ta tinh dugc tim V theo cong thirc (6),
ma tran d¢ thudc U theo cong thuc (7) voi m>1, cong thuce (8) khi m=1
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Khi m=1:
Ui+ 1 — Yo Uy, khii = arg min 1X; = Viell?
ul-j (8)

|wy, khii #arg min I1X; — Viel|?

Thuét toan phan cum ban gidm sat mo (Semi-Supervised Standard Fuzzy Clustering-SSSFC) dugc trinh bay
trong Bang 2:

Bang 2. Thuat toan Semi-Supervised Standard Fuzzy Clustering

Input Tap dit liéu X gdm N phdn it , s6 cum C, ma tran do thudc bd tro U, ngudng &, sb lan lip tdi da maxStep
> 0.

Output Ma tran U va tdm cum V.

SSSFC

1 t=0

2 Khéi tao ngau nhién V't

3 Repeat

4 t=t+1

5 Tinh ma trdn Ut néu m=1 dua trén cong thuc (8), néu m>1 dwa vao cong thirc (7)

6 Tinh ma tran V¢ dya trén cong thic (6)

7 Until [v® —v¢-D|| > ¢ or t > MaxStep

III. MO HINH CAI TIEN PHAN CUM BAN GIAM SAT MO VOI NHIEU THAM SO MO (MCSSSFC)

3.1. M6 hinh cai tién phan cum ban giAm sat m& véi nhiéu tham sé6 mo

Dir liéu va cac tham so

Ap dung MCFCM dé xac

dinh ma tran @6 thudc xac
dinh trudc

Xac dinh thong tin bo trg

Str dung thuat toan phan cum ban giam sat mo cai tién (MCSSSF C)

duya vao cac thong tin bo trg

Két qua phan cum

\ 4

Panh gia cac két qua bang cac ti€u chuan khac nhau

A 4
Két thuc

Hinh 1. Luge dd phan cum d& xuét
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M0 hinh dé xuat dugc xac dinh Hinh 1. Sir dung phan cum MCFCM (ndi dung chi tiét thuat toan MCFCM duwoc
trinh bay & Muyc 3.2) thu dugc dugc ma tran d¢ thudc U tur d6 xac dinh thong tin b tro cho thuit toan MCSSSEC bfing
cach tai mdi diém dir liéu ta giir lai cac gid tri ham thudc 16n nhat cua timg diém dit liéu vao cic cum, cac gia tri con lai
duoc xac dinh bé'mg 0. Sau d6 ap dung thuat toan MCSSSFC dugc trinh bay chi tiét & Muc 3.3. Cubi cung xac dinh cac
d6 do danh gia chat lugng ciia qué trinh phan cum.

3.2. Thuit todn phin cum mé véi nhiéu tham sé6 mo (Fuzzy C-Means Clustering with Multiple Fuzzification
Coefficients - MCFCM)

Trong thudt toan phan cum md v6i nhidu tham sé mo duge Tran Pinh Khang va cong su [5] xay dung dua
trén thuat toan phan cum mo véi mdi mdi diém dir liéu xdy dung mot tham sé mo riéng. Khi d6 viéc xac dinh tham sd
mo duoc xac dinh dua trén [my, m,]. Khi d6 thuét toan xac dinh tham sé mo cho tung diém dir liéu (MC) dugc trinh
bay trong Bang 3. Thuat toan phan cum mo véi nhiéu tham sé md duoc trinh bay trong Bang 4.

Bang 3. Thuat toan MC Xéc dinh tham s6 mo

Input Tép dir liéu X gom N phan tir, C: 6 cum, my, m, la céc gia tri khoan ctia tham s0 mo, mét tham so o

Output Ma tran M

MC

1 Xéc dinh ma tran khoang cach D giita cac diém dit liéu, Dj; 1a khoang céch tir di€ém i dén diém j.
Dy =X, —X;|| (vij=1N) — — .

2 Xéc dinh ma tran khodng cach sdp xep D’, tai moi di@n dir lidu i sap x¢p theq thtr ty tang dan theo khoang
cach (khi d6 D; ->Dy’). Tinh tong khoang cach dén [N/C] diém gan nhat dugc S, voi cac S;i: S; =
Zjvz/f D'

3

Si—Smin )a
Smax—Smin

Trong d6: Smax = Maxien (Si); Smin = Minien (S

Xéc dinh cac m; nhu sau: m; = my + (m, — m,) (

Bang 4. Thuét toan Fuzzy C-Mean Clustering

Input Tap di Iiéu'X‘ gom N phan t , s6 cum C, m;,m;, la cé&c gia tri khoan cta tham s6 mo, mot tham s6 a,
ngudng &, so lan 1dp toi da maxStep > 0.

Output Ma trdn U va tdm cum V.

MCFCM

1 Tinh tham sé m& m; cho cac diém dit liéu tir thuat toan MC

2 t=0

3 Khéi tao ngau nhién V't

4 Repeat

5 t=t+1

6 Tinh ma trdn U* dua trén cong thirc u;; = %
36 <”Xi_Vk“>mi_1

P\ xi-vi]

! Tinh ma tran V't dya trén cong thirc V, = M
D=1 Urj

8 Until [v® — V¢V > ¢ or t > MaxStep

3.3. Thudt todn phdn cum bdn gidm sdit mo chudn véi nhiéu tham sé6 mé (Semi-Supervised Standard Fuzzy
Clustering with Multiple Fuzzification Coefficients - MCSSSFC)

. Trong thudt toan nay, viéc xac dinh tham $6 mo khac nhau véi cac diém di liéu khac nhau duoc trinh bay &
phan 3.3. Khi d6 ham muc tiéu dugc xay dung nhu cong thirc (9)
JW,V) = Ty X6y lug; — ™ |1X; = V;|? - min 9)

 Cac diéu kién rang budc cta phan cum ban gidm sat md. Dya vao phuong phap Lagrange v6i ham muc tiéu (9)
va di€u kién (2) ta tinh duoc tdm V theo cong thuce (10), ma trédn do thudc U theo cong thic (11) vdi m>1, cong thirc
(12) v6i m=1

3N g x

SN Jug=ag|™

{ J=1C (10)

Khi mi>1

2

( 1 )mi—l
|xi=vl

uy =+ (1= Yo dg) ————,i=1,N,j=1,C 11)

c ( 1 )mi—l
Zie=1\[x;=vl

Khi ml:l
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Ui+ 1= Yioy U, khii = arg min ||X; — V||?
=" k (12)
7w khii # arg min [|1X; — Vell®

Thuat toan phan cum ban giam sat mo (Semi-Supervised Standard Fuzzy Clustering-SSSFC) duoc trinh bay
trong Bang 5
Bang 5. Thuat toan MCSSSFC

Input Tap dit liéu X gdm N phén tir , s6 cum C, ma tran d6 thudc bd trg U, my, m, la cac gia tri khoang cua tham sé mo,
mot tham s6 a, ngudng &, s6 1an 1dp toi da maxStep > 0.

Output Ma tran U va tdm cum V.

MCSSSFC

1 Tinh tham s6 m& m; cho cac diém dir liéu tir thuét toan MC trong bang 3

t=0

Khoi tao ngau nhién V*

Repeat

t=t+1

Tinh ma trdn Ut néu m=1 dya trén cong thuc (12), néu m>1 dya vao cong thie (11)

Tinh ma tran V? dya trén cong thirc (10)

| N[O~ WwWN

Until [v® —vE-D|| > ¢ or t > MaxStep

IV. KET QUA THUC NGHIEM

Dir liéu thye nghiém dugc 1a bo dir liéu Wine lay trén kho dir liéu chuan UCI Machine Learning Repository [17]
va dit liéu dua trén bo dir liu thu thap thuc té tai Vién bao tao rang ham mat, Truong Pai hoc Y Ha Noi. S6 lugng cac
anh thu thap 1a 152 anh nha khoa tir 2018-2019 V& bénh viém quanh cudng. Loai anh thu thap la anh X-quang chop
rang dwoc chup bai hé théng may X-quang k¥ thuat sb khong day cta hing Aceton.

Céc d6 do dung dé danh gia va so sanh hi¢u nang cua cac thudt toan dugc cai dat trong bai béo nay gom DB
[14], SSWC [14], PBM [14], IFV[4]. Thuét to4n dé& xudt - phan cum ban gidm sat md v&i nhidu tham sb mo
(MCSSSFC) duoc cai dat ciing véi thuat toan phan cum md ban giam sat chuan (SSSFC [15]).

Bang 6. Két qua thuc nghiém trén bo dit liéu Wine

SSSFC MCSSSFC
DB 1,1838 0,5471
SSWC 0,4519 0,5578
PBM 230121,2772 652680,6457
IFV 39,8980 569,6760

Két qua thuc nghiém, danh gia dua trén cac d6 do danh gia hiéu ning gitra thuat toan phan cum ban giam sat
mo nhiéu tham s6 mo (trinh bay phﬁn 3) véi céc thuat toan phan cum cung loai trén bd dir liéu wine, véi sb6 cum la 4
thé hién & Bang 6. Dya trén 4 d¢ do danh gia hiéu nang cua thuat toan thi d6 do DB, SSWC, PBM thuit toan cai tién
cho gia tri tot nhét thuat toan phan cum ban giam sat mo chuan.

Chung t6i thyc nghiém trén anh X-quang nha khoa véi bai toan phan doan anh, hinh anh phan doan so sanh
(Hinh 2). Két qua trung binh cua céc anh phan doan cua cac do do va cac phuong phap duoc xac dinh & Bang 7. Dua
trén 4 do do danh gia hiéu nang cta thuat toan thi thuat toan cai tién cho gia tri t6t hon thuét toan phén cum ban giam
sat mo chuan.

a) Anh gbc b) Anh phan doan bing MCSSSFC
Hinh 2. Két qua thyc nghiém
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Béng 7. Két qua thuc nghiém trén bo dit liéu nha khoa

SSSFC MCSSSFC
DB 1,4363+ 0,593 1,3542+ 0,562
SSWC 5129,643+ 435,3 5432,365+ 325,3
PBM 58983,67 + 1,24E+02 64324,34 + 1,54E+02
IFV 32,16+3,54 38,98+3,26

V.KET LUAN

Trong bai bo nay, chiing t6i nghién ciru cai tién thuat toan phan cum ban gidm sat mo v6i nhidu tham sé mo.
DPong goép chinh ciia bai bao 1a dé xuit dugc mot thuat toan phin cum ban gidm sat mo v6i nhidu tham sb mo
(MCSSSFC) dugc trinh bay chi tiét trong Phan III va cai dat thuc nghiém thuét toan cai tién trén bo dit liéu chuan UCI
va trén bo dir liéu gdm cac anh X-quang nha khoa. Bai béo, danh gia va so sanh thudt toan cai tién v6i mot sé thuat
toan cuing loai trén cac do do danh gia. Két qua thu duogc cta bai béo: 1) ching toi di cai tién mot thuat toan phan cum
ban giam sat mo voi nhiéu tham s6 sb mo phu hop véi tiing diém dir liéu; ii) cai dat, thyc nghiém thuat toan cai tién
trén bo dir liéu wine va by dir li¢u anh nha khoa; iii) danh gid so sanh thuit toan cai tién vé&i cac thuét toan SSSFC,
MCFCM thi hiéu ning ctia thudt toan cai tién tot hon.

Tt nghién ctru nay, dua ra mot s6 hudng nghién ctru c6 thé phat trién trong tuong lai: nghién ctru tlep voi xay

dung cac ham so tinh toan v6i tham s mo, 4p dung thuét toan cai tién két hop véi cac dic trung nha khoa dé xay dung
hé hé trg chan doan nha khoa tir hinh anh.

VI. LOI CAM ON
Nghién ciru ndy dwoe tai tro boi Pai hoe Quoc Gia Ha Ngi trong Pé tai md sé6 0G.20.51.
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AN IMPROVEMENT OF SEMI-SUPERVISED FUZZY CLUSTERING WITH
MULTIPLE FUZZFICATION COEFFICIENTS AND APPLICATIONS FOR
DENTAL IMAGE SEGMENTATION

Tran Manh Tuan, Phung The Huan, Nguyen Bac Hung, Le Hoang Son, Tran Dinh Khang, Tu Thu Nga

ABSTRACT: Semi-supervised clustering algorithms are used in many real applications where a small amount of
information is provided to support for clustering progress. This is a huge advantage of semi-supervised clustering. Semi-supervised
fuzzy clustering algorithms were set based on fuzzy clustering algorithms combining with additional information such as must — link,
cannot — link constraints, labeled a part of data or pre-defined membership function. Additional information was used to adjust
cluster components in order to increase cluster quality. In this paper, a novel semi-supervised fuzzy clustering algorithm with
multiple fuzzfication coefficients is proposed and applied to dental image segmentation. The experimental results on UCI datasets
and real dataset collected from Hanoi University of Medical Hospital show that proposed algorithm has better performance
comparing with other related semi-supervised clustering algorithms.

Keywords: Semi-supervised clustering, fuzzfication coefficients, dental images, image segmentation, algorithm performance.
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