Tap chi Khoa hoc Truong Pai hoc Can Tho

Tép 54, S6 74 (2018): 101-108

Tap chi Khoa hoc Trudng Dai hoc Can Tho
Phan A: Khoa hoc Tu nhién, Cong nghé va Méi trudéng

website: sj.ctu.edu.vn

DOI:10.22144/ctu.jvn.2018.129

CAI TIEN TIEU CHUAN KHOANG CACH
TRONG XAY DUNG CHUM CAC PHAN TU ROI RAC

~ - N ]®
Vo Vian Tail",

Lé Thi Kim Ngoc? va Banh Vin Vién?

Khoa Khoa hoc Tu nhién, Truong Pai hoc Can Tho

2Hoc vién cao hoc, Truong Pai hoc Cén Tho

*Nowoi chiu trach nhiém vé bai viét: Vo Van Tai (email: vwiai@ctu.edu.vn)

Thong tin chung:

Ngay nhdn bai: 07/02/2018
Ngay nhdn bai sia: 06/04/2018
Ngay duyét dang: 29/10/2018

Title:

Improving distance criterion in
building the cluster of discrete
elements

Tir khoa:

Chi s6 twong tir, chivm, hinh
anh, khoang cach, phwong
phap thir bac

Keywords:
Cluster, distance, image,
hierarchical, similar index

ABSTRACT

This research is to proposed a new measure to evaluate the similarity of
cluster for discrete elements called the cluster similar index (CSI). CSI is
used as criterion to build the algorithms to analyze fuzzy and non-fuzzy
cluster and to determine the suitable number of clusters. CSI is also used
to evaluate the quality of established clusters and compare them
together. These established algorithms can be quickly performed by the
Matlab procedures. The numerical examples illustrate the proposed
algorithms and show their benefits compared to existing algorithms.
Finally, analyzing the cluster of images from the proposed algorithm
shows potential in the practical application of this research.

TOM TAT

Nghién ciru ndy dé nghi mot dé do méi dé danh gid sw twong tw chiim
ciia cdc phan t roi rac dwoe goi la chi s6 twong tw chim (CSI). CSI
dwge sir dung lam tiéu chudn d@é xdy dung cdc thudt todn phan tich chim
mo, khéng mo va xdc dinh s6 chim thich hop. CSI ciing dwoc sir dung dé
danh gid chdat lwong cia cdc chim dwoe thiét ldp ciing nhir so sanh
chung voi nhau. Cdc thudt toan dwoc thiét ldp co thé thue hién nhanh
chong béi nhitng chwong trinh dwoc viét trén phan mém Matlab. Nhing
Vi du s6 minh hoa cac thudt toan aé nghi va cho thcfy thuan loi cua
chung so voi cdc thudt toan khdc. Phan tich chum cac hinh anh tir thudt
todn dé nghi cho thdy tiéem ndng trong dp dung thuc té cia vin dé dwoc
nghién ciru.

Trich dan: V& Van Tai, Lé Thi Kim Ngoc va Banh Vin Vién, 2018. Cai tién tiéu chuan khoang cach trong xdy
dung chum cac phan tit roi rac. Tap chi Khoa hoc Truong Pai hoc Can Tho. 54(7A): 101-108.

1 GIOI THIEU

d6 nhiéu hon so véi nhitng phan tir cia chum khac.
Chinh vi ly do nay, bai toan phén tich chum da

Trong thoi dai ngay nay, viéc phan loai, luu trit
va trich xudt dir liéu doéng mot vai tro rat quan
trong, anh huong dén su phat trién cua nhiéu linh
vuc, nhiéu nganh khoa hoc khac nhau. Trong Van
dé nay, bai toan phan tich chum dong vai trd nén
tang boi vi két qua cua nd 1a viée chia dir liéu thanh
nhitng chim sao cho nhitng phan tir trong clng
mdt chum cé su tuong tu theo mdt ti€u chuén nao
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dugc quan tim béi nhiéu nha nghién ciru. Chung ta
¢6 thé xay dung chim cho cac phan tir roi rac
(CDE) va chum cho cac ham mit d¢ xac sudt
(CDF). Trong nhimng nim gan day nhiéu tac gia
nhu Goh and Vidal (2008), Tai va Pham-Gia
(2010), Chen and Hung (2015), Tai va Thao
(2017a, 2017b) da quan tam dén CDF. CDE da
duogc dé xuit trude va ¢6 nhitng wu diém nhét dinh
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so voi CDF. No c6 tinh truc quan hon va tbc do
tinh toan trong cac thuat toan cta né thuong nhanh
hon so v6i CDF. Trong nhiéu truong hop cia ap
dung thuc té, CDE cling c6 sai 1Am nho hon CDF.
Theo Tai and Thao (2017a), c6 3 1y do chinh cho
van dé nay: (a) Tiéu chudn dé danh gia muc do gan
va xa cua cac phan tir roi rac thuong dugc minh
hoa tryc quan rd rang, trong khi cho cac ham mat
d6 xac suat (PDF) thi nguoc lai; (b) Dit liéu thuc té
thudng 1 rdi rac, do d6 dé ap dung CDF, budc dau
cac PDF phai dugc udc lugng. Mac du co nhiéu
tién bo cho van dé nay trong nhiing nim gan day,
nhung tinh chinh x4c cua viéc thyc hién cho dén
nay van 1a bai toan chua cé 15i giai cudi cung; (c)
Céc d6 do cho nhitng phan tir roi rac thuong duoc
tinh nhanh hon nhiéu so véi cdc PDF, dic biét
trong cac phan mém hién nay. Cac tiéu chuan dé
thuc hién CDF thuong cling khong dugc tinh chinh
xac trong cac ap dung thyc té ma phai tinh gan
ding.

Trong CDE, ¢ ba van d& quan trong ma cic
nha nghién ctru da quan tim va cai tién: (i) Tim
mot tidu chuan thich hop dé danh gia sy tuong tu
clia hai va nhiéu hon hai phan tir, (i) Xay dung cac
thuat toan phéan tich chum hiéu qué véi sai 1dm nho
nhét, (iii) Panh gia chét lugng cua cac chum di
xdy dung. Véi (i), hau hét cac nghién ctru da sir
dung cho dén hién tai 12 khoang cach. Pa c6 mot sb
khoang cach phd bién giita hai yéu t6 roi rac nhu
khoang cach Euclide, khoang cach Chebyshev,
khoang cach  City-Block, khoang céach
Minkowski.... Trong khi d6, khoang céach giira hai
tap dir liéu 1a khoang cach Min, khodng cach Max,
khoang cach Mean va khoang cach Ward. Cac loai
khoang cach va nhitng van d¢ lién quan trong CDE
duoc trinh bay tom tit trong Webb (2003). Mic du
¢6 nhidu phuong phap dugc dé nghi va ap dung
trong thuc té, tuy nhién chua c6 phwong phap nao
dugc xem 13 téi wu. V6i (ii), hai phuong phap
chinh dugc 4p dung phd bién: thir bac va khong thir
bac (Tai and Pham-Gia, 2010). Nhitng phuong
phap nay ciing sir dung tiéu chudn khoang cach da
dugc d& cap & trén dé thyc hién. Thyc té Gmg dung
cho thdy nhiing phuong phap nay c6 hi¢u qua khi
dir liéu co s phan nhom tuong d6i 16 rang. Khi di
liu khong c6 nhidu sy tach roi, cac phuong phap
nay thuong dan dén nhing sai 1dm 16n. P6i véi
(iii), chat lugng cua cac chim di dwoc do bing
nhiéu phuong phap nhu chi sé S, chi s6 F, chi sb
Dunn, chi s6 Xie - Beni (Dunn, 1973; Xie and
Beni, 1991; Pal and Bezdek, 1995; Babuska,
2012). Mic du ching dwoc danh gia tot, nhung cac
chi s6 trén chi duoc tinh toan sau khi cac chum da
dugc thanh 1ap. Vi vy, dé tim chum t6t nhat trong
sd cac phuong phap, ching ta can thuc hién tat ca
cac phuong phap. Hon nita, cac chi so trén chi
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danh gia tinh chit tét cia tit cd cac chum, ma
khong thé danh gia tinh chat tot cua mdi chum
duoc thiét 1ap. Xuét phat tir nhimng véan dé trén, Tai
and Thao (2017b) da dé nghi mdt d¢ do mai goi 1a
hé sé twong tu chum dé danh gia chit luong cac
chum duge thiét 1ap va xay dung chum, tuy nhién
d6 do méi chi thyc hién cho cac PDF, khong phai
cho cac phan tir rdi rac.

Dé khic phuc nhiing han ché cta cac phuong
phap nhu da dé cap o trén, dva trén sy chuan hoa
cac bién vé [0; 1] cta dir liéu, khoang cach cua hai
phin tir va hai tip hop, mot d6 do méi goi 1a chi sb
teong tu chum (CSI) duoc dé nghi st dung nhu
mot tiéu chudn dé phéan tich chum. Dya trén CSI,
nghién ctru nay dé xudt cac thuat toan xay dung
chum mo va khong mo. Hon nira, CSI dugc xem
nhu mot tham sé dé danh gia chat lwong cia cac
chum dugc xdy dung. Piéu nay co nghia la ching
ta co thé xdy dung chum va danh gia chat lugng
ctia chum ciing mot luc. Cac thuat toan dé nghi da
duogc thuc hién nhanh chong va hi€u qua bdi nhitng
thi tuc Matlab. Vi du sé khong nhitng minh hoa
cho céc thuét toan da d& nghi ma con cho théy tinh
hiéu qua khi so sanh véi cac thut toan da ton tai.
Ung dung céc thuat toan dé nghi trong nhan dang
anh cho thdy tiém ning trong thuc té ciia van dé
duoc nghién cru.

2 CHISO TUONG TU CHUM VA
THUAT TOAN DE NGHI

2.1
Pinh nghia 1: Chudn héa di liéu

Mot so khai ni€ém

Trong khong gian »n chiéu véi cac bién

cho mdét chim c6 N phan tir

X, X5 X,
. 1 2 N

zZ= {Zl’ Zyse ZN}’ Goti {x, 5 X; 5y X, },

i=1,2,..,n latdp cac gia tri cua bien X; trong tap

dir liéu Z. bat

. .o
z. =(z',2),...,

d = max(xi’),z_i =

X "
i % z n)’
d

Ta co Z " €[0;1], do d6 cac toa do ciia Zj.

ludén ndm trong [0 ;1], khi d6 tir tap dit li€u Z ban
Zy}
ma mdi ph?m tir cua nod déu co toa d trén doan
[0;1].

Viéc chuén hoa dit liéu phém dam bao tinh hop
ly trong danh gia muc do gan nhau cua cac phan tir

dau chung ta co tap dit licu Z* ={z,,z,,...,
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trong khong gian nhiéu chiéu véi thang do khac
nhau.

Pinh nghia 2: Chi s6 twong tir chiim

Cho mét chum gém N phan tir trong khong
gian 1 chidu Z = {Zl, 22,...,ZN} , thuc hién
chuan hoa dit lidu dé c6 tap dit liu Z* nhu & trén.
Tu tap dir liéu Z*, ching ta dinh nghia hé so6 twong
tu cia chum CSI nhur sau:

1 > d(z.2) o

C(Z*)ZI_H.C]%] |

trong d6  d(z;,z;)1a khoang cich giira hai
phan tir zl.* va Zt. . C6 nhiéu khoang cach giira
hai phan tir nhu duoc tong két trong (Webb, 2003).
Trong bai bao nay, ching t6i chon la khoang cach
Euclide cho cac vi du so6. Trong truong hop N = 2,
cong thuc (1) tré thanh:

d(z:,z;)zn—nd(z:,zj). )

Chiing ta co thé thdy rang

1
c

N
cach cua tit ca cac phan tir cuia chum Z khi dit liéu
da duoc chuén hoa vé Z* va

[<jd(Z:’Z;) la trung binh cic khoang

OS%ZK/_d(z[,zj)Sn.
Pt ds=néz > d(z.z)<1, oo

0<d <.
Khi d6 ta cling nhén duoc

0<e(Z)<1. 3)

d , 1a trung binh cua cac khodng cach cua cac
phan tr dugc chuin hoa [0; 1]. Khi d , cang nho
thi sy twong tu ciia cac phan tir trong chum cang
16n va nguoc lai. Gia tri cua ¢(Z*) thi ngugc lai doi
v6i ds, do d6 néu ¢(Z*) cang 16n thi chum dugc xay
dung s€ cang tot.

Pinh nghia 3: Chi s6 diéu chinh ARI

Chi s0 ARI do (Hubert and Arabie, 1985) dé
xuat 1a mot cai tién cua chi s0 Rand (RI).’Hién nay,
ARI da tr6 thanh mét trong nhitng chi s6 danh gia
chum pho bién. N6 dugc str dung d€ so sanh chat
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luong cua cac chum co6 so lugng cac phan tir khac
nhau.

Cho U ={u,u,,.,u,yva V=1{v,v,.,v.} la

hai phéan hoach c6 cung tap dir liéu dai dién cho
chum R va C. ARI dugc tinh theo cong thirc sau:

) CZZC —|:02 cy}
7 éch +Zc —[ZCZC}

ARI

4)

trong do ¢, 1a s6 phan tir thudc ca hai chim
u, va v, t vat, lan luot 1a s phan tir thudc
chim #, va chum v_, van la tong sb phan tur
trong tap dit li¢u. Gia tri cia ARI thudc khoang [-1;
1].

2.2 Thuét toan phan tich chum khéong m&
dura vao CSI

Bai toan: Cho mot tdp hop gdm N phan tir
Z = {zl ,22,...,ZN}, ta can phan chia chung
thanh ¢ chum (¢ du‘qc chon) sao cho hé sé CSI cua
chum chira mgt phan tir nao d6 16n hon hé so6 CSI
cta chum khi ghép n6 v4i nhém khac.

Thuat toan: Thuat toian nay duoc goi la
(NCA). N6 gom 5 budc sau:

Buéc I: Chuan héa dit liu da cho ban dau

0 A EY EY *

N( ) Z{Zl ’Zz,m,ZN} vé NO :{Zl(O),Zz(O),---,Z]\gO)}
nhu Muc 2.1.

_Budce 2: Chia N phan tir vao k chim mét cach
ngau nhién.

_Bugc 3: Tinh hé s6 CSI cia chum chira moi
phan tir. Néu CSI nay 16n hon CSI cua phan tir khi
ghép voi cac chum khac, ta gilt phan tr do trong
chf}m. Nguoc lai, ta gan n6 vao chum cé CSI 1a 16n
nhat.

_Budc 4: Lap lai Bude 3 cho dén khi CSI cua
moi phan tir vdi cac chum chtra no 1a 16n nhat.

2.3 Thuat toan phan tich chium mo dua vao
CSI

Bai toan: Cho mot tdp hop gdm N phan tir
Z = {zl ,zz,...,zN}, ta can phan chia ching
thanh ¢ chum (¢ dugc chon) sao cho xac suét cla
moi phan tir thugc ve ding chum chira né 16n hon
cac xac suat khi ta gan phan tir 6 vao chum khac.

T]luaflt toan: Thuat toan nay dugc goi 1a FCA.
N6 gdom 3 budc sau:
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Buce 1: Khoi tao ma tran phan ving U © ngau
nhién. Tinh phan tir dai dién ciia chum v, dya vao

cong thuc:
i m o o
Z(ﬂik) Zy
=
;(ﬂi )"

Sau d6, tinh CSI giita mdi phan tir va mdi vi.
Bude 2: Cap nhat ma tran phan ving UV bang
cong thire:
)2

)2/(»1—1)

Buéc 3: Lap lai Bude 2 va Budce 3 cho tdi khi
[0 —u] <.

c(vt_,zk

J<i,j<c, 1<k <N.

/’l,'k = ¢
(s

Jj=1

Trong thuéat toan trén, m la d6 mo. Khi m =1
chum mo tr¢ thanh chum khéng mo. Khi m — o0

, phan hoach tré nén md véi 4, =1/c. Cho dén

hién tai chua c6 sy toi wu trong xac dinh m. Trong
bai viét nay ching toi chon m = 2 theo (Bora and
Gupta, 2014) trong cac vi du sd. & 1a sb rit nho
dugc chon tiy y. Néu & cang nho thi sb bude lip
va thoi gian tinh toan s& cang nhiéu. Trong cac vi
du sb ctia bai viét nay ching t6i chon & =107,

'3 MOT SO VAN PE LIEN QUAN DEN
CAC THUAT TOAN

3.1 Xic dinh s6 chum thich hop dua vao CSI

Trong hai thudt toan trén, chung ta can phan
tich bo so liéu thanh & chim. Tuy nhién, d6i véi bd
s6 liéu 16n, viée xac dinh k thich hop va chon sb
chim khéi tao nhu thé nao 1a mot van dé kho khan.
Vi két qua cua hai thuat toan phy thudc nhiéu vao
viéc chon sb chum k va cach chon cac phan tir vao
chum khéi tao nén van d& nay dugc quan tim rat
nhiéu. Nhiéu phwong phéap dugc dp dung dé tim s6
chim duge dua ra nhu dua vao kién thirc tién
nghiém vé tap dir liéu hay so sanh hé s twong
quan phan ving, chi sé phan ving, chi s6 Dunn,
chi sb Xie-Beni (Dunn, 1973; Xie and Beni, 1991).
Tuy nhién, viéc tinh céc chi sb nay duoc thuc hién
sau khi phan tich b sb liéu thanh cac truong hop k
chum khac nhau, diéu nay lam cho viéc tinh toan
tré nén cong kénh, kém hiéu qua. Trong bai bao
nay, dwa vao CSI, chung t6i d& xut thuit toan xac
dinh sb lwong chum thich hop cho thuat toan NCA
va ma tran phan vung cho phuong phap FCA.
Thuat toan nay dugc goi la SUS.
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Thuét (Thudt SUS)  Goi
Z" ={z,2,,...,zy} la tap dir ligu (dd duogc
doan [0; 1],
v](\f)} la diy N trong tdm ban

toan: toan

chuan hoa trén
o {vm

1
dau cia chiing. Thuat toan SUS duoc trinh bay nhu
sau:

(1)
B

Buéc 1: Khi ¢ = 0, khéi tao
O 0 O 0 * * * *

PO =l 0 -2 = 22
& >0 rit nho.

Budc 2: Cap nhat ddy trong tdm theo cong
thirc:

N
CENCARRG)
2 K (V ,V, ).z
A i j i

j=1

v = ,i=12,..,N,
(1) (1)
ZK/I (v: ’vj )
Jj=1
trong do
K = e( 8 ) khic=c(v,v)2zc,
0 khic<c,
L] i \
Voi ¢ = o Zkk/‘c(zi,z/)_l la trung binh
N
cac hé s tuwong ty chum cua cac diém dir liéu va
1=5
r
Buéc 3: Lap lai Buéc 2 cho dén khi
maxc(vf”,v;””) <e.
Trong thuat toan nay, sau mdi budc lip thi mdi
t . X A 5 N .
Vl() s€ hoi tu dén trong tdm cia chum dang chira

n6 (Chen and Hung, 2015). Qué trinh nay s€ dung
(1)

lai khi cic bién cua tat ca Vi[ thong qua hai budc
lién ké lap di lap lai nho hon &. Khi & lon, thuat
todn s& dung nhanh hon nhung s6 lugng chum ¢
the khong thich hop. Trong bai bao nay, ching toi
ciing chon £ =107".

3.2 Vin dé tinh toan

Str dung phan mém Matlab, nhiing doan code
dé giai quyét van dé tinh toan cho cac thuat toan dé
nghi da duoc thiét 1ap. Nhu da dé cap & Phan gidi
thiéu, khong c6 khoang cach tdi uu giira hai phan
tor cling nhu gitta cdc nhom trong CDE. Céc thuat
toan truyén théng da sir dung khoang cach Max,
khoang cach Min, khoang cach Mean va khoang
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cach Ward dé tinh su tuong tu gitta hai cum va
khoang cach Euclide dé tinh sy tuong tu giita hai
phan tr. Do d6, dé so sanh hiéu qua khi st dung
CSI cho cac phuong phap dé xuat v6i cac phuong
phép khac, ching tdi ciing st dung cac khoang
céch nay dé tinh CSI. .

4 ViDU SO

Trong phan nay bai viét trinh bay 2 vi du s6 dé
minh hoa céc budc cia nhimg phuong phap dé
nghi, kiém tra cac chuong trinh d thiét lap. Nhiing
vi du nay ciing so sanh thudt toan dé nghi véi cac
thudt toan da ton tai va thé hién tinh Gmg dung cua
van @& duogc nghién ctru. Vi du 1 dugc thuc hién
trén 150 phan tr thugc 3 nhom c6 phan phdi chuan
hai chidu. Vi du 2 4p dung cho mot van dé ly tha:
nhan dang hinh anh. Pay 1a hudng 4p dung tiém
ning ma nhiéu linh vuc thyc té dang doi hoi. Trong
mdi vi du, tir s& lidu roi rac ban dau, chung toi
chuén hoa dir liéu, ap dung cac thuat toan dé nghi
va so sanh hi¢u qua véi cac phuong phap da ton
tai. Hai vi du sb véi sb phﬁn tir khac nhau, dac tinh
dir lidu khac nhau, s6 chiéu khac nhau cho thay

O Group2
A Group3

AA
A

>

#

b %

o

G 8
X

o

%

o
o ° o
) Y 08 §§¢%08
(RN 4
v Y

4

o

1.5 2

(a)

25 3
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nhitng wu di€m cua céc thuat todn dé nghi so véi
cac thuat toan dugc so sanh.

Vi du 1. Xét 150 phan tir roi rac thudc phan
phoi chuan hai chiu véi trung binh va ma tran hiép
phuong sai dugc cho nhu sau:

0 0,1 0
Nhom 1: p = ; Z =

0 Lo o1

2 0,1 0,05
Nhom2: w4, = [; D ,=

0 0,05 0,1

0 0,1  -0,05
Nhom 3: u, = ;Z;:

T2 - 0,05 0,1

Biéu d6 phan tan cua 150 phﬁn tir voi 50 phan
tr trong moi nhém va sy chuan héa cua ndé duge
trinh bay béi Hinh 1a va Hinh 1b.

Ap dung thuat toan SUS voéi dir liéu di chudn
hoéa, sau 7 vong lap thuat toan s€ hoi tu. Cac budce
cua thuat toan nay dugc minh hoa bdi Hinh 2.

O Group2
A Group 3

1 YN

%mf

A
A

A
8y ©
o o 4
o o
o 90 o ¢

05

0.5

(b)

Hinh 1: D6 thi phan tin ciia 3 nhém (a) va dd thi phin tan cia 3 nhém chuin hoa (b)

1 N 1 1
o . . N
TR SR S : & - : - . : S
Vong lap 1 Vong lap 2 Vong lap 3 Vong lap 4
a0 A a
° ° 0 o L3 0 o L3
Vong lap 5 Vong ldp 6 Vong lap 7

Hinh 2: Cac vong lap ctia thuat toan SUS
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Tu Hiph 2, ta dugc sb lugng chum thich ’th la
k = 3. Ket qua cua thuft toan SUS dugc lay lam
dau vao cua thuat toan FCA.

0,4574 0,4628 0,3957
0,2804 0,2464 0,2251
0,2623 0,2909 0,3792

U=

‘Trong ma tran nay, 50 cot dau cua hang tht
nhat c6 xac suit 16n nhat, 50 cot ke tiép co xac sut
hang thtr hai 16n nhét va 50 cot cudi ¢6 hang thi ba
16n nhit. No ciing ¢6 nghia ring thuat toan FCA
v6i s6 chum 1a 3 ¢6 ti 18 sai 1am 1a 0%. Thuat toan
toan NCA ciing cho ta 3 chum giéng thut toan
FCA nghia 14 c6 ti 1& sai 1dm cua né ciing 1a 0%.

Tép 54, S6 74 (2018): 101-108

Phén tich chum mo FCA, ta nhén duoc
vong lap cu01 cung la ma trdn U c6 3 dong va 150
cot. Mot sb cot ciia ma tran nay dwoc cu thé nhu
sau:

0,2984 0,3109 0,2918
0,1750 0,1665 0,1889
0,5226 0,5226 10,5193

CSI cia 3 chum lan lugt 1a 0,8977; 0,8941 va
0,8961.

Ciing lay s0 chum thyc hién 1a 3 dé thyc hién
cac phuong phap khac, ta co bang tong hop cac ket
qua so sanh dugc cho boi Bang 1.

Bang 1: So sanh thuit toan dé nghi va md s6 thuit toan ton tai

Phwong phap ARI Sai 50 (%) Thoi gian tinh (gidy) D 1éch chuin
K-mean 0,73 76 6 0,18
K-medoids 0,61 33,33 40,5 0,21
Expectation-Maximization 0,71 27 0,18
NCA 1 0 25 0
FCA 1 0 34 0

Tir Bang 1, ta c6 thé thay rang sai lam cua
hai thuat toan d& nghi tot hon cac thuit toan con
lai. Hai thuat toan nay nay ciing cho két qua tot va
6n dinh hon céc thuat toan khéc. Cu thé thuét toan
NCA va FCA déu cho chi sb diéu chinh 1 1. Béi vi
thut toan NCA va FCA can thém thoi gian xéc
dinh s chum nén n6 khéng c6 wu diém hon vé
thoi gian tinh toan so véi thuat toan K-mean va
Expectation-Maximization. Tuy nhién véi thoi gian
khong qua 16n (tr 25-34 gidy), chung cling khong
phai 13 trod ngai khi 4p dung. Hon nita, mot van dé
quan trong khéac 1a phuong phép dé nghi vira thuc
hién viéc phan tich chum vira danh gia dugc chét
lugng cia cac chum duge xay dung cung lic, trong
khi cac phuong phap dugc so sanh chi xay dung
chum. Do d6 sau khi thuc hién, dé danh gia chét
lwong ctia chum, ching ta phai ton thoi gian tinh
cac chi s6. Néu xét tong thé thoi gian dé thyc hién
ca hai giai doan: xdy dung chum va danh gia chat
luong chum thi phuong phap dé nghi cé thoi gian
tinh toan chénh 1éch khong qué 16n véi cac phuong
phép khac dugc so sanh.

Vi du 2. Vi dy nay 4p dung thuat toan dé xuét
trong nhan dang anh. Nhimng anh nay duoc lay tir
co s& dit liéu két cau cta Brodatz (1996) dugc thuc
hién boi nhidu nha nghién ctru vé hinh anh. Cu thé,
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chung t6i sir dung 2 mau két cau D1, D102 (Hinh
3), trong d6 c6 100 hinh véi kich thudc (256x256)
dugc ldy cho mdi nhom. Tinh ma tran dong hién
chét xam (GLCM) va trich xuat dic trung cua ba
két cau bao gbém dd twong phan, sy tuong quan va
tinh dong nhat (chi tiét vé GLCM va céac dac diém
két cdu, xem trong (Haralick, 1979; Celebi and
Alpkocak, 2000).

Thuc hién trich xuét ba dic trung cua 200 anh
trén ta co két qua Bang 2.

Bang 2: Pic trung két cAu hai nhém inh

STT Do twong Su twong Tinh dong Lé

phén quan nhit

1 1,28 0,93 0,34 D102
2 1,15 0,93 0,33 D102
3 1,31 0,92 0,35 D102
4 1,26 0,93 0,36 D102
5 1,29 0,92 0,35 D102
196 0,47 0,86 0,16 Dl
197 0,45 0,86 0,18 Dl
198 0,43 0,88 0,17 Dl
199 0,45 0,87 0,17 Dl
200 0,47 0,86 0,16 Dl
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Hinh 3: Cac 4nh mAu cia hai nhém

Ap dung thuat toan SUS, sau khi chuén hoéa dir
liéu sau 3 vong lap ta cling dugc s6 chum 1a 2. Su

U (0,5709 0,5685 0,5716

0,4291

Ma tran xac suit nay ciing cho ta hai chum véi
cac hinh anh hoan toan duoc xép ding vao chum
cua n6. Thuat toan NCA ciling cho ta hai chum
gidng thuat toan FCA. CSI cua hai chum 1an Iuot 1a
0,9758 va 0,9727.

So sanh cac thuét toan dé nghi v4i mot s6 thuét
toan da ton tai cho b anh nay, ta c6 Bang 3.

Bang 3: So sanh két qua phan tich chim ciia cac

phwong phap

. . & Thoi D¢ 1éch
Phwong phap ARI Sai so gian tinh chuin
K-mean 0,41 82,51 0,07 0,28
K-mediods 0,43 74,50 91,67 0,23
Expectation- 0,50 83,13 047 025
Maximization
NCA 0,98 0 1,99 0
FCA 1 0 0,9 0

C6 thé thay rang ca hai thuat toan dé xuat cho
két qua chinh xac hon. Cuy thé 1a thuat toan NCA
va FCA c¢6 chi sb didu chinh lan luot 12 0,98 va 1.
Mic khéc, ca hai thut toan dé& xuat déu 6n dinh
hon v&i do léch chuan bang 0. Hon nita, né chimng
minh dugc tinh kha thi cia hai phuong phap khi ap
dung vao van @& thuc té, dac biét cho nhan dang
anh.

5 KET LUAN

Bai bao da dé nghi mot tiéu chuan méi dé thuc
hién dugc cho hai muc dich quan trong cia bai
toan phan tich chum: Xay dung céac thudt toan phan
tich chum (thuét toan xac dinh s chum, thuat toan
phéan tich chum mo va khong mo) va danh gia dugc

0,4315 0,4284
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dung két qua cua thuat toan nay lam du vao cho
thuat toan FCA ta c6 ma tran xac suat sau:

0,4282 0,4285 0,4289
0,5718 0,5716 0,5711

chét lugng cua cac chum thiét lap. Cac thuat toan
nay da ching minh dugc nhimg uu diém khi so
sanh trén céac tap dir liéu ddi ching va thuc té. Véi
cac chuong trinh dugc thiét lap trén phan mém
Matlab, cac thuat toan dé nghi c6 thé ap dung hi¢u
qua, nhanh chéng cho cac tap dir li¢u 16n. Trong
tuong lai chung toi s& ap dung thuat toan dé nghi
cho viéc nhan dang cac hinh anh trong y hoc, méi
truong, an ninh va nhiéu linh vuc khac ¢ yéu cau.
Tuy nhién, trong cac thuat toan dé nghi sy hoi tu
ctia chiing van chua dugc xem xét. Py s& hudéng
nghién ctru ma ching tdi s€ tdp trung thuc hién
trong thoi gian sap toi.
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