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In recent years, the research directions on advanced fuzzy sets have
been received a lot of attention from scientists, typically studies on
Picture Fuzzy Set (PFS). Picture fuzzy set was proposed to solve the
problems of noisy data in order to improve the clustering performance.
With four membership degrees, including the positive, the neutral, the
negative and the refusal, the optimal models using Picture fuzzy set
have more choices and may yield more accurate results. In this paper,
we propose a new Picture fuzzy clustering method named as PFSFCM.
The proposed method is implemented and experimentally compared
against the related methods, including the standard Picture fuzzy
clustering (FCPFS), and the Confidence-weighted safe semi-supervised
clustering (CS3FCM) in quality of clustering results with both of UCI
dataset and Seattle Surface Water Dataset. The experimental results
show that the proposed method has better performance comparing to
selected methods on the same datasets.
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Gan day, cac hudng nghién ciru trén tap md nang cao dang nhan duoc
nhiéu sy quan tAm tir nhidu nha nghién ctru, dién hinh 14 cac nghién ctu
vé tap mo vién canh. Tap mo vién canh da duoc dé xuat dé giai quyét
cac van dé vé dir liéu nhidu nhiam nang cao hiéu sut phan cum. Vi
viéc ¢6 4 thudc tinh: P9 khiang dinh, d6 phu dinh, d6 do dy va do tir
chdi gitp cho mé hinh téi wu st dung tap mo vién canh ¢ nhiéu lya
chon hon, c6 thé dem lai két qua chinh x4ac hon. Trong bai bao nay,
chung t6i dé& xuat mot phuong phap phan cum ban gidm sat md vién
canh méi ¢6 tén goi PFSFCM. Phuong phép dé xuit duoc so sanh thuc
nghiém véi phuong phap phan cum mo vién canh (FCPFS) va phuong
phap phan cum ban gidm sat mo an toan ¢ trong s tin cay (CS3FCM)
vé hiéu sut phan cum trén ca bo dir liéu UCI va dit liéu anh vé tinh
ving nudc. Cac két qua thuc nghiém chi ra rang, phuong phap dé xuat
clia chiing t6i ¢6 hiéu suét tot so véi cac phuong phap lién quan.
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1. Giéi thiéu

Phan cym 13 k¥ thuat lién quan dén viéc nhom cac diém dir liéu khac nhau vao cac cum khéc
nhau, trong d6 cac diém dir lidu trong cing mot cum c6 do tuong tu cao hon va cac diém dir liéu
trong hai cum khac nhau c6 d6 tuong tu thap hon [1]. Phéan cym bao gdém phan cum rd va phan
cum mo. Trong phén cym r, mot diém dir liéu thudc vé chinh xdc mot cum, con trong phan cum
mo, mot diém dit liéu c¢6 thé thude nhiéu hon mot cum keém theo thong tin vé do thudc cia diém
dir liu vao cac cum [2]. Trong phan cum mo, mot s6 thong tin bo tro duwoc dwa vao nhu cac rang
budc, cac nhan, do thudc cia mot s6 phan tir, v.v. dé dinh huéng qua trinh phan cum dugc goi la
phuong phap phan cum ban giam sat mo.

Trong hé théng xtr 1y anh, phan doan anh 1 qu4 trinh rat quan trong, nham phan tich hinh anh
thanh nhitng phan c¢6 cung tinh chat dwa theo bién hay cac vung lién thong. Phan doan anh phan
ving hinh anh k¥ thuat s6 thanh nhiéu phan doan thuong duoc sir dung dé xac dinh cac dbi tuong
va duong bién trong hinh anh. Theo mét cach khac, phan doan hinh anh 1a qué trinh gan nhan cho
tat ca cac diém anh trong mot hinh anh sao cho cac diém anh c6 cung nhén thi cing thuéc mot
phan hinh anh nhat dinh. Hinh 1 duéi day so luge cic phuwong phap phan doan anh hién nay.

Céc phuong phap phan doan

!
! } }

Dura trén cac phuong phap

I Dua trén diém anh I , Dura trén bién I Dua trén vung |
I trich chon dic trung
2 I | | Phuong phap Theo mién Cac phuong phap
Lay ngudng Phan cum phét hién bién ddng nhét tinh todn mém

Phuong phap £ Céc phurong phap

B % Keét h <

Otsu K-means Gradient oF hoc séu

Toin cue mal | el
U G duong mic 0 thi

Hinh 1. Cac phwong phap phdn doan anh

Nhu trinh bay trong Hinh 1, nhin chung céac phuong phap nay co6 thé dugc chia thanh 3 xu
huéng co ban: i) Ap dung cac ky thuat xur ly anh gom: phuong phap lay ngudng, phuong phap
dua trén bién va dya trén vang; ii) Ap dung phuong phép phan cum gom: K-means [3], Fuzzy C-
Means (FCM) [4]; iii) Ap dung cac phuong phap dua trén tinh todan mém [5], cac phuong phap
dua trén hoc sau [6].

Trong qua trinh thu thap dir liéu c6 thé chira nhiing sai sot va nham 1an, do d6 c¢6 thé chira
nhiu va nhiéu thong tin khong chinh xac [7]. Dé giai quyét cac van dé vé dit 1iéu nhidu nhim cai
thién hiéu suat phan cum, khai niém tdp mo vién canh [8] dugc st dung. V&i viée ¢ 4 thudce tinh:
Do kh:fmg dinh, d6 phu dinh, d6 do du va do tu chdi gitp cho cac phuong phap phan cum sir dung
tdp mo vién canh co nhiéu lya chon hon, dem lai két qua chinh xac hon. Do d6 bai bao nay
nghién ciru dé xudt mot phuong phap phan cum ban gidm sat md vién canh méi va Gmg dung
trong phan doan anh, phat hién vung nudc tur anh v¢ tinh.

Céc phan tiép theo cuia bai bao dugc trinh bay nhu sau: Trong phan 2 chung t6i trinh bay vé
tap mo va mo rong cing nhu trinh bay phuong phap phan cym mo vién canh gdc FCPFS.
Phuong phap phan cum ban giam sat mo vién canh méi PESFCM s¢ dugc trinh bay trong phan 3.
Trong phan 4 ching t6i tién hanh thuc nghiém trén bd dit liéu UCI va ung dung thuat toan dé
xut trong phan doan anh ving nudc tir anh vé tinh. Cudi cung, phin 5 dua ra cac két luan va
dong gop cua bai bao, dé xuat hudng phat trién trong thoi gian toi.
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2. Phwong phap nghién ciru
2.1. Mt 56 kién thike co sé
2.1.1. Tdgp mo va mo rong
Tap mo duge dinh nghia boi Zadeh vao nam 1965 nhu sau:
Dinh nghia 1. Mot tap mo [9] trong mot tap nén khac rong X duoc dinh nghia nhu sau:
Az{(x,,uA(X))|VXeX,,uA(X)e[O,l]} (1)
Trong d6 4, (x)1a do thugc ciia x e X .
~ Tap mo vien canh duge dé xuat boi Bui Cong Cuong vao nam 2014 trén co s& mo rong va
tong quat hoa tap mo Zadeh.

Pinh nghia 2. M6t tap mo vién canh [8] trong mét tap nén khac rdng X duoc dinh nghia
nhu sau:

A={(% 222 (), (), 72 (X)) | X € X } 2
Trong d6 4, (X)1a do khang dinh cia mdi phan tir xe X , 1a d6 do du va y,(X) 1a d6 phu
dinh thod man cac rang budc:

Ogﬂij’nijvfijSlfogﬂA(X)"'nA(X)"‘?/A(X)Sl 3)
Mtc d6 tir chéi cua mot phan tir dugc tinh nhu sau:
Ea(X) =1=(1a () +17,(X) + 7 (X)) 4)

Néu £,(X) =17,(x) =0 thi tdp md vién canh tré thanh tap mo truyén thong.
2.1.2. Phirong phdp phén cum mo vién canh goc FCPFS

Trong nghién ctru [10] dd dé xuét phuong phap phan cum md vién canh (FCPFS), voi ham
muc tiéu dugc mo ta nhu sau:

30U, EV) =23 2= &))" [ v+ XD logm &) > Min - (5)

Vi cac rang budc:

0< 15,175, & <L 0< gy +175 + &, <1 1< i<N,1<j<C (6)
C
Z/uij(z_é:ij):l’lgiSN (7)
Z(ﬂ.ﬁ &) =L1<i<N (8)
Str dung phuong phap Lagrange, tinh toan dugc nghiém t6i uu ciia ham muc tiéu (5) nhu sau:
N
Z (/uij (2- §ij N"X 1 ” " (10)
V. = i=1 (9),
i N R 2_ U(m-1)

2 (w2-8) ( gg")z(” k||2)

_iexp(_é:_k)(l Céék) (12); 68”_:1—(,uij+77ij)—(]__(luij+77ij)a)1/a (12)

Trong d6, a €(0,1) dugc goi 1a hé s6 mii duoc str dung dé diéu khién do tir chdi cua cac tip

un

mo vién canh.
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Phuong phap FCPFS c6 hiéu suit phan cum tot hon so vdi cac phuong phap FCM, SSFCM va
CS3FCM, dic biét d6i véi dir liéu chira nhidu. Diéu nay do phwong phap phian cum mo vién canh
FCPFS st dung tdp mo vién canh, trong d6 bao gém 4 thuoc tinh nhu d6 thudc, dd do du, do
khong thudc va do tir chdi cia mot diém dir lieu dbi v6i cac cum. Tuy nhién hiéu suat cua
phuong phap niy phu thudc vao qua trinh khi tao cac yéu t6 ban dau.

2.2. Phwong phdp phén cum bdn gidam sdt mo vién canh PFSFCM

Phuong phap phan cum ban giam sat mo vién canh PESFCM duge dé xuét dya trén y tuong
mé rong thuat toan phan cum mo vién canh gbc FCPFS va tap md vién canh, bing cach bd sung
vao ham muc tiéu mot thanh phén ddi v&i cac diém dit lidu d3 duoc gan nhan. Ham muc tiéu
dugc biéu dién nhu sau:

JU.m.8V) :ii(’ukj (2_§ki))2||xk -V ” +ZN:§:77kj (logmy + &) +

e k=1 j=1 k=1 j=1 (13)
ZZ(#kj (2-¢4) - fkj)2||xk -V, ”2 — Min

4

1 j=1
Vi cac rang budc:

R RN (D YIRS PSRN COD Y (HCEICR S ST

Trong d6 tap dir liu X = {Xl, ) ST XN} v6i s6 lugng phan tir N, sé cac phéan tir duge gan
nhin trong X : L<N;sd lugng cum (C); 4, 74, & 1an luot la d6 thudc, do do dw, d tir chéi
clia phan tir X, d6i véi cum j, d6 thuoc fy; dugc gan nhan k trong cum J.

Céc phuong an to6i uu cua mo hinh dugc xac dinh thong qua phuong phap Lagrange:

N L
Z(/ukj (2- & ))? Xy + Z(/ukj (2- & )— fkj)2 Xy
Vj — k=1 - kEl (17)
kZ;,(/lkj (2- §kj ))2 + kzl‘, (/ukj (2- kaj )— fkj )2

Do thudc p cua dir liéu dugc gan nhan: L = i 4 (18)
s Z" v
kj
Fx-vilf

Do thudc p cua dir liéu chua dugc gan nhan: (29)

g =

. Z|| vl

7 X, Vil
Cac d6 thuoc khac duoc tinh toan nhu sau:

1__ kKi/7c . 1
= ;f Ze & (20); fkj :1_(/ukj +77kj)_(1_(/ukj +77kj)a)a (21)

Céc budce chinh cua thuat toan PFSFCM dugc trinh bay trong Thuat toan 1 dudi day.

Thuit toan 1. Thuit toan phan cum md vién canh méi PFSFCM

Tap dir litu X v6i s6 phan tr N, s6 thugc tinh d , s6 phan tir dugc gan nhan trong X :
L<N;sb cum (C); ngudng & =0.001; tham sé mo& m=2; sé mi o (0,1) va sb lan lip
t6i da Maxsteps =1000.

Pau ra| Cac ma tran do thudc £4,77,& va cac tam cum V .

Pau
vao
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1: | Chay thudt toan FCPFS véi tht ca céc phan tir dif liéu dé iy (g4,77, &, V)
2: Khoi tao: =0
Khoi tao 444 < random;z,' < random; &, «—random (k =1..N, j=1..C) thoa man céc

3:
cong thirc (14-16)
4: Repeat
5 | t=t+1
6: | Tinh V; (j=1,...,C) bing cong thirc (17)
7: | Tinh £ cho dif liéu di dugc gan nhan (K =1,...,L; j=1,..,C) bing cong thic (18)
8 | Tinh £ cho dif liéu chua dugc gan nhan (k =L+1,...,C; j=1,..,C) bing cong thirc (19)

9: Tinh 772) (k=1..,N; j=1,...,C)bing cong thirc (20)

10: | Tinh §l£jt) (k=1..,N; j=1,...,C)bing cong thirc (21)

11: | Until ”,ut —,u“1||+||77t —77t_1||+||§t —ft_ln < & hoic Maxsteps > s6 lan lap toi da.

3. Két qua thue nghiém
3.1. Thuc nghi¢m trén bj dir liéu hoc may UCI

Dir liéu thyc nghiém duoc 1ay tir bd dit liéu UCI [11]. Phuong phap PFSFCM dé xuit duoc so
sanh voi cac phuong phap FCPFS [10] va CS3FCM [12] theo cdc ti€u chi: D chinh xac phan
cum va Chat lugng phan cum [13]. Cac két qua dugc trinh bay trong Bang 1, 2 dudi day.

Bang 1. Gid tri do chinh xdc phdan cum

Phuong phap PESFCM FCPES CS3FCM
Trung binh Phwong sai Trung binh  Phwong sai Trung binh Phwong sai
Australian 0,5634 0,0673 0,5312 0,0150 0,5186 0,0153
Balance-scale 0,5702 0,0084 0,5944 0,0388 0,5404 0,0218
Dermatology 0,7095 0,0519 0,7155 0,0203 0,6728 0,0154
Heart 0,8593 0,0894 0,7233 0,0188 0,8081 0,0164
Iris 0,7913 0,0456 0,7542 0,0327 0,8069 0,0833
Spambase 0,6041 0,0255 0,5447 0,0146 0,5674 0,0478
Tae 0,4778 0,0223 0,4618 0,0461 0,4844 0,0194
Waweform 0,5625 0,0719 0,5174 0,0229 0,5134 0,0312
Wdbc 0,6922 0,0238 0,7471 0,0161 0,6041 0,0286
Wine 0,8235 0,0954 0,7922 0,0586 0,7579 0,0329
Bang 2. Gid tri chat luwong phdn cum theo dé do DB
Phuong phap PESFCM FCPES CS3FCM
Trung binh Phwong sai Trung binh  Phuwong sai Trung binh Phwong sai
Australian 4,1262 0,2145 3,3491 0,0182 6,0265 0,0152
Balance-scale 2,2975 0,1562 3,1854 0,1062 4,9964 0,1919
Dermatology 11,5085 0,8933 9,9297 1,8434 15,5687 2,0770
Heart 2,0133 0,0632 2,2254 0,0261 2,4040 0,1521
Iris 3,0137 0,3986 3,0838 0,0539 3,4747 0,2629
Spambase 2,8995 0,4884 3,2775 0,0157 4,4607 0,5125
Tae 2,9948 0,1747 2,7060 0,1394 2,7640 0,0443
Waweform 7,3256 1,2704 9,4595 3,0705 5,1157 0,1207
Widbc 2,0365 0,0462 2,6836 0,0983 2,2870 0,0151
Wine 3,3874 0,0835 2,7263 0,0400 3,0655 0,0648
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Trong Béng 1, phuong phap dé xuat PFSFCM c6 6/10 gia tri tot nhat (Australian, Heart, Iris,
Spambase, Waveform, Wine); phuong phap FCPFS c6 3/10 gia tri t6t nhat (Balance-scale,
Dermatology, Wdbc); phuong phap CS3FCM chi c¢6 1/10 gi4 tri tot nhit (Tae). Mit khac, ti s6
trung binh ctia d§ chinh xac phan cum theo phuong phap PFSFCM so véi cac phuong phap
FCPFS va CS3FCM lan luot 1a 1,04 va 1,06. Do d6, d6 chinh xac phan cum theo phwong phap
PFSFCM tét hon cac phuong phap FCPES va CS3FCM.

Trong Bang 2, phuong phap PESFCM c6 5/10 gia tri tot nhat (Balance-scale, Heart, Iris,
Spambase, Wdbc); phuong phap FCPFS c6 4/10 gia trj tot nhat (Australian, Dermatology, Tae,
Wine); phuong phap CS3FCM chi ¢6 1/10 gié tri tot nhat (Waveform). Ti sb trung binh ctia chat
lwong phén cum ciia phuong phap PESFCM so véi cac phuong phap FCPFS va CS3FCM lan
luot 1a 0,98 va 0,83. Do do6, chat lugng phan cum theo phwong phap PFSFCM t6t hon cac
phuong phap FCPFS va CS3FCM.

3.2. Ung dung phin dogn dnh viing nuwéc tiv anh vé tinh

Céc ving nudc trén dat lién chang han nhu song, ho, ao, hd chira va dat ngap nudc, phan b6
rong rai trén bé mat trai dat Nude 1 ngudn tai nguyén quy gia vo cung quan trong dbi voi doi song
con ngudi, hd trg cude sdng, sinh hoat va san xuat ctia con nguoi, chiang han nhu nuéc uong, luong
thyc, giao thong van tai [14], v.v. Ngoai ra, thong tin vé nude duge sir dung rong rai cho nhidu muc
dich [15], [16], bao gdm diéu tra tai nguyén nudc, bao vé mdi trudng, phan loai dat va giam sat 1
lut. Do hdu qué cua bién ddi khi hau va cac hoat dong ctia con ngudi giy ra tinh trang thiéu nudc va
6 nhiém nudc ngay cang trd nén tram trong hon [17]. Do d6, yéu cau can thiét dugc dit ra 14 phai
xéc dinh chinh x4c cac ving nudc dé bao vé ngudn nude va cac yéu td lién quan.

Thyc nghiém véi 20 anh dugc 1dy tir BO dit liéu anh vé tinh ving nudc (Seattle Surface Water
Dataset [18]), theo cac tiéu chi khac nhau nhu: 10 anh c6 d6 twong phan cao gitra ving nu6c va
vung dat; 10 anh c6 do tuong phan thap giita viing nudc va ving dat, nhap nhang va chtra nhiéu.
Két qua chay chuong trinh trén bo dit liéu 20 anh vé tinh ving nuéc ddi voi 3 phuong phap
CS3FCM, FCPFS va phuong phap PFSFCM, cu thé nhu Bang 3 sau day.

Bang 3. Két qud thye nghiém trén dir liéu anh vé tinh

Phwong phap CS3FCM FCPFS PFSFCM
Do chinh xac phan cym trén toan bd dir liéu (%) 78,63 81,24 83,58
Chat lugng phan cum theo d¢ do DB 3,35 2,76 2,55

Trong bang két _qua thyc nghiém trén, dbi V61 d6 chinh xdc phén cum trén toan bd dir li€u
thi phuong phap dé xuit PFSFCM c6 hiéu suét t6t nhat trong 3 phuong phap. Dbi véi tiéu chi
chat lugng phan cum theo d6 do DB thi phuong phap dé xuat PFSFCM ciing c6 két qua tot hon
cac phuong phap CS3FCM va FCPFS. Trong 2 phuong phap CS3FCM va FCPFS thi phuong
phap FCPFS cho hiéu suit phan cum tt hon phuong phap CS3FCM.

Céc anh két qua sau khi chay 3 thuat toan CS3FCM, FCPFS va PFSFCM cho 04 anh gbc (4nh
1,2, 3, 4) trong tong s6 20 anh thuc nghiém, dugc trinh bay boi cac Hinh 2, 3, 4, 5 dudi day.

a) b) c) d)
Hinh 2. Két qud phdn doan anh 1: a) Anh géc; b) CS3FCM; ¢) FCPFS; d) PFSFCM
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a) b) c) d)
Hinh 3. Két qud phdn dogn anh 2: a) Anh géc; b) CS3FCM; ¢) FCPFS; d) PFSFCM

a) d)
Hinh 4. Két qud phdn doan anh 3: a) Anh géc; b) CS3FCM; ¢) FCPFS; d) PFSFCM

a) b) c) d)
Hinh 5. Két qud phdn doan danh 4: Anh géc; b) CS3FCM; ¢) FCPFS; d) PFSFCM

Trong cac anh v¢ tinh ban dau, anh 1a va anh 2a cac ving nudc va ving dat co do chénh 1éch
vé mau sac twong dbi rd nét; trong khi v6i anh 3a va anh 4a cac khu vuc nay c6 su tuong dong vé
mau sic, it co sy chénh 1éch hon so v6i cac anh la va anh 2a. Do d6 khi str dung cac phuong
phap phan cum CS3FCM, FCPFS va PFSFCM dbi voi cac anh 1a va anh 2a thi cac anh két qua
thu dugc sau khi phan doan cling tuvong duong nhau (dién hinh d6i voi cac anh két qua 1b, 1c,
1d) Dleu khac biét rd rang ¢ két qua phan doan cac anh 3a va anh 4a, do cac anh nay co sy tuong
dong vé mau sac gifta ving nudc va ving dat, nhap nhang va chira nhiéu nén cac phuong phap
phan cum mo vién canh FCPFS va PFSFCM cho két qué tot hon. Dién hinh 1a cac anh 3d va 4d
thu dugc khi sir dung phuong phap dé xuit PESFCM c6 két qua phan doan tét nhat. Diéu nay do
cac phuong phap FCPFS va PFSFCM ¢ st dung tép mo vién canh véi 4 d6 thudc mang lai hiéu
suat phan cum tét hon. Pic biét phuong phép dé xuat PFSFCM duoc bd sung ham muyc tiéu so
v6i phuong phap FCPFS dé dem lai hiéu sudt phan cum tSt nhat.

4, Két luan

Trong bai bao nay, chung t6i dé xuat mot phuong phap phén cum ban gidm sat mo Vlel’l canh
moi ¢6 tén goi PFSFCM. Phuong phap dugc dé xuat mo rong thuat toan phan cum mo vién canh
gbc FCPFS bang cach bd sung vao ham muc tiéu mot thanh phan ddi véi cac diém dir lidu da
dugc gan nhin. Phuong phap dé xuat duoc so sanh thuc nghiém vdi cac phuong phap FCPFS va
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CS3FCM vé d6 chinh x4c phan cum va chit luong cum. Céc két qua thuc nghiém trén b dit lidu
UCI cho thay phuong phap PFSFCM c6 higu sut tot so voi cac phuong phap lién quan.

Ngoai ra, phuong phap nay cting dugc tng dung trong phan doan anh vé tinh vung nudce dé
xac dinh chinh xac viung nudce nham muc dich bao vé ngudn nudc va cac yéu td lién quan nhur:
nuée udng, nudce sinh hoat, nude san xuat, nguén nude cho dong thuc vat ty nhién, bao vé hé
sinh thai, v.v. Phuong phap dé xuat dugc so sanh véi cac phuong phap FCPFS va CS3FCM. Két
qua thu dugc cho thdy ddi v6i cac anh c6 do chénh 1éch lon v€ mau sdc gitra vung nude va vung
dat thi «ca 3 phuong phap déu cho két qua tuong dbi tét, tuy nhién dbi voi cac anh it c6 su chénh
léch vé mau sic gilia ving nudc va ving dat nhap nhing va chira nhidu thi cac phuong phap
phan cum md vién canh dem lai két qua tdt hon. bay chinh la dac diém vuot troi so voi cac
phuong phap khong st dung tip mo vién canh. Do d6 hudng nghién ctru phan cum st dung tap
mo vién canh sé& 1a mot hudng nghién ciru dang quan tam trong thoi gian toi.

Loi cam on

Nghién ctu duoc tai trg boi Hoc vién Khoa hoc Vét~ Coéng nghé theo dé tai s6 GUST.
STS.DT2020-TTO1. Nghién ctru dugc thuc hién dudi sy ho trg cua cac can b Vién Cong nghé
thong tin, Vién Han 1am Khoa hoc va Cong nghé Viét Nam.
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