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ABSTRACT

This study proposed a genetic algorithm in building cluster for discrete
elements, in which the similarity coefficient of cluster was used to evaluate
the similarity of the elements, and the improved Davis-Boudin index was
used as the objective. Combined with the steps of a traditional cluster
analysis algorithm and the operators such as crossover, mutation, and
selection of the genetic algorithm, a new cluster analysis algorithm was
proposed. The proposed algorithm is detailed with the implementation
steps, and illustrated by numerical examples. It is also applied in image
recognition, a problem that is still challenging today. The application also
shows the potential of this research to many real-world problems related
to image recognition.

TOM TAT

Thudt todn di truyén trong xdy dwng chiim cho cdc phan tir roi rac dioe
dé xudt trong nghién ciru, trong @6 hé sé twong tw chim dwoc sir dung dé
danh gid sw twong tw cia cdc phan tir va chi sé Davis-Boudin cdi tién
dwoc s dung lam muc tiéu. Két hop voi cac buoc cia mot thudt toan phan
tich chim truyén thong va cdc todn tir lai ghép, dot bién, chon loc cia
thuat toan di truyén, mot thudt toan phan tich chum moi dugc dé xuat.
Thudt todn dé nghi duogc trinh bay chi tiét cdc bude thue hién va duoc
mmh hoa béi vi du sé. N6 ciing duoc ap dung trong nhdn dang anh, mot
van dé con nhiéu thdch thirc hién nay. Ap dung ciing cho thdy tiém ning
clia nghién ciru ndy cho nhiéu van dé trong thuc té lién quan dén nhin
dang anh.

1. GIOI THIEU

nay, phan tich chim tr& thanh nén tang cia viée luu

Phan tich chum la viéc chia dit liéu thanh cac
nhém sao cho nhiing phan tir trong cing nhom cé su
twong tw nhidu hon so vai nhitng phan tir bén ngoai
nhém d6, dwa trén nhitng bién quan sat ciia n6 (Ester
et al., 1986; Hung, 2016; Tai, 2017). V6i y nghia
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trir va trich xuat dir liéu I6n ngay nay. Trudc khi
thyc hién nhitng ap dung séu cta khoa hoc dir liéu,
bai toan phéan tich chum thudng duoc ap dung. Phan
tich chum c6 thé thuc hién cho nhitng phan tir roi
rac (CDE) va cac ham mat do xéac sut (CDF) dé tir
d6 4p dung cho nhitng van dé caa thyc té. Khi xem
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mdi ddi twong 1a mot phan phdi, CDF s& dwoc ap
dung. CDF dd dwoc quan tam vé 1y thuyét va ap
dung véi nhimg dong gop tiéu biéu 1a Agusti et al.
(2012), Chen & Hung (2015), Thao & Tai (2017).

CDE dugc tng dung pho bién hon rat nhiéu so
v6i CDF boi cic nha théng ké (Bouguila &
Elguebaly, 2009; Thao & Tai, 2018). Ly do quan
trong nhat cho van dé nay 1a dit liéu thyc té hau nhu
1a cac phan tir roi rac, khong phai 1a ham mat do xac
suit. Mot thuat toan hoan chinh cho CDE bao gém
cac bude chinh gém (i) Xay dung d6 do danh gia su
tuong tu cia hai phan tir ciing nhu giita hai chum
chira nhidu hon hai phan tir; (ii) xac dinh s6 chim
thich hop can dugc chia cho tap dit liéu va nhitng
phan tir cy thé trong mdi chum; va (iii) im xac sut
thudc vao chum caa mdi phan tir. Mot thuat toan véi
2 budc co ban (i) va (ii) dugc goi 1a phan tich chum
khong mo va véi 3 bude day du (i), (ii), (iii) dugc
goi 1a phan tich chum md. Di vai (i), khoang cach
gitta hai phan tir thong thuong dugc st dung 1a
Euclide, city-block, Minskovky, trong khi cac
khoang cach min, max, va trung binh dugc quan tim
cho hai chim. Nhiéu nghién ctru d khang dinh chua
¢6 khoang cach nao dugc xem 1a tdi wu trong bai
toan xay dung chum (Sheng & Liu, 2006; Thao &
Tai, 2018). Vi nd lyc khic phuc han ché cua cac
khoang cach trong xdy dung chum, Thao & Tai
(2018) da d& xuit mot do do goi 1a hé sb tuong tur
chum. H¢ s6 nay c6 uwu diém khi cac chum c6 sé
lugng phan tir khéc nhau va c6 thé sir dung n6 dé do
chat lugng chum khi chiung duoc thiét lap. Hé sé
twong ty chum ciing dwoc s dung dé xdy dung
chum ma chang c6 uu diém hon phuong phap ndi
tiéng k-trung binh trong nhiéu truong hop. Tuy
nhién, véi dir liéu c6 nhiéu chdng lap, do do nay co
nhiéu han ché. B4i véi (i) mot s6 nghién ctru tiéu
biéu da dugc dé xuit nhu (Bouguila & Elguebaly,
2005; Thao & Tai, 2018; Dinh et al., 2020). Cac
nghién ctru nay str dung d6 do khoang cach hodc hé
s6 twong tu chum dé tim s6 chum thich hop, sau dé
ap dung phuong phap k-trung binh dé xac dinh cac
phan tir trong chim. Ching da thé hién sy hop ly
trong xdy dung chim cho nhiéu truong hop cu thé.
Tuy nhién, két qua phu thugc rat l1on vao muc do
chong l4p cac phan tur trong nhom.

Thuat toan di truyén (GA) la giai thuat nham tim
kiém, chon Iua cac tinh toan téi wu cho mot van dé
nao do6 duya trén cac nguyén tic tién hoa cua chon loc
tu nhién va di truyén hoc. Cac nguyén tic tién hoa
duoc sir dung trong GA thong thuong la di truyén,
dot bién, chon loc tu nhién va trao d6i chéo (Agusti
etal., 2012; Dinh et al., 2021). GA la thuat toan giai
quyét bai toan bang cach mé hinh hoa chang. Tir loi
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giai don gian ban dau, qua nhiéu budc tién hoa ta
duogc nhiéu loi giai tot, sau d6 thong qua qué trinh
chon loc va tim kiém, hinh thanh nén 1i giai téi wu
cho bai toan. Trong GA, dé don gian hoa bai toan,
ta ma hoa cac d6i tugng sang mot cau tric hay mot
chudi phu hop, twong tu nhu mét nhiém sic thé. Mai
c4u trac hay chudi dwoc xem nhu mot loi giai co the
cua bai toan. Qua cac diéu kién chon loc, ta duoc
c4c toan tir sinh ra trong quan thé la cac cau trac hay
chudi. Sau do, ta tién hanh ma hoa cac tham sb trén
mdi thé hé, dinh huéng, tim kiém ciu trac hop Iy,
thich nghi diéu kién chon loc dé dwoc cau trac toi
uu. DI véi bai toan phan tich chum, GA ciing duoc
quan tm (Agusti et al., 2012; Dinh et al., 2021). Tuy
nhién, khoang cach Euclide dugc sir dung trong
nghién ctru nay dé xay dung nén ciing khéng nhan
duogc két qua nhu mong doi. Sy két hop gitra bai toan
phan tich chum truyén théng va GA 1a mot huéng
hap dn, co thé cai thién tét két qua thuc hién.

Trong nghién ctru nay, mot d6 do mai goi la chi
s6 twong tu chum duge dé xuat dé 1am tiéu chuan
xdy dung chum cho cic phan tir rGI rac. Két hop
phuong phap xay dung chum truyén thong va di
truyén, mot thuat toan Jphan tich chum cho cac phan
t roi rac duoc dé xuit. Thuat toan nay co thé xéac
dinh s6 chum thich hop, nhitng phan tir trong mai
chum va xé4c suat phu thudc vao chim ciia mai phan
tir cung lac. Thudt toan dé& nghi dugc trinh bay chi
tiét boi cdc bude va dugc minh hoa béi vi du s6. N6
cling dugc ap dung trong nhan dang anh va thé hién
dugc wu diém so véi cac phuong phap quan trong
khac.

2. CAC VAN PE LIEN QUAN

2.1. DP§ do danh gia sy twong tw ciia chum

Cho 2 phan tir roi rac X va Y trong khong gian n
chidu: X =(X, Xy %), Y = (Y1 Yoo ¥y ) - Khi

do, khoang cach Euclide gitta X va Y dugc dinh
nghia nhu sau:

Zn:(xi -V )2 .

i=1

dE(x’Y):

Gia s ta co tap N cac phan ti roi rac
Z={2,12,,.., 2} . Chuan hoa dit liéu Z trong
khoang [0,1] theo nguyén tic:

d"=max(z),i=12..,N;

=2 i=12,..
d
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Khi d6, hé s tuong ty chum (SCI) ciia Z* dwoc
dinh nghia nhu sau:

PINLICHY!

trong d6 d (ZJ—,

M

s - Cz
2,) 1a khoang cach Euclide caa
Z,va z;.

2.2. Ham muc tiéu

Chi s6 DB duoc dinh nghia b’éri Davies va
Boudin (1979). Chi,s() nay dugc thiét 1ap dya vao
khodng cach nho nhat cua cac phan tir véi cac chum
trung tdm va khoang cach 16n nhat gitra cac chum

khac nhau. Cy thé chi s6 DB duogc dinh nghia nhu
sau:

[zl
3 maxt

i#]

x)+ 2 a2 (y.x)

yeC;j

dZ (%, x;)

. (2)

trong do
x vay la gid tri cia cac phan ti,
X_i va Z lan luot 1a trung binh cua cac phan tir
trong chum C; va chum Cj,
de(x,y) 1a khoang cach Euclide ctiax va y.

Chi s6 DB thuong duoc sir dung 1am ham muc
tiéu trong xay dung chum, nhung né sé& cho két qua
khong t6t khi ¢6 su chénh 1éch 16n vé s phan tir
giita cac chum. Khac phyc diéu nay, DB dugc diéu
chinh va duoc goi 1a FB. Chi sé FB duoc sir dung
lam muc tiéu trong xay dung thuat toan dé nghi va
duogc cho béi cong thirc sau:

—
w
=

trong do
dZ (%, %)
ui = 1G] _
dé (Xc' Xi )
Ciing nhu chi s6 DB, chi s FB tinh timg doi

khoang céach gitra cac chum. Do do, chi s6 FB cang
nho thi chum xdy dung cang tot.

, 1<i<N.

(4)

c=1

2.3. Tham s6 danh gia chum mé xay dung

Heé sé phén hoach va entropy dugc st dung dé
danh gia chat lugng cua thuat toan phan tich chum
mo. Chung dugc dua ra nhu sau:
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1&E,
PC=—ZZHij> ®)
N ==
1 k N
PE = szuij 1Og(p'ij )’ (6)
i1 j=1
Trong d6

w; la xac suat dé phan tir thir j duoc xép vao
chum tht i.
k va N lan Iuot 1a s6 chum va sb phan tu.

Dbi véi cac thuét toan da xay dung, PE cang 16n
thi thuét toan cang tot va PC thi nguoc lai.

2.4. Phén tir dai dién cho anh

Ma tran dong hién mirc xam (GLCM) cua anh
f(x, y) c6 kich thuéc M xN vacdé G muc do xdm
12 ma tran hai chidu P ¢6 kich thuéc GxG. Mdi
phan tir p(i, j) cia ma tran thé hién tan suat xay ra
cung gia tri cuong do sang cua i va j tai khoang
cach d va mot goc 6 xac dinh. Cong thurc tinh gia
tri cu thé cho phan ti p(i, j) dugc thé hien boi

(). (v eMxfd =[x y). (0, )
0=((xy), (<, y), F(x y)=i, F(x\ y)=§)|

Haralick (1979) da dua ra 14 dic trung két cau
¢6 thé tinh duogc tir GLCM cua két cau anh. Tuy
nhién, phan Ién cac nghién ciru sau d6 chi sir dung
dén 3 dic trung quan trong dai dién cho két ciu
(Panjwani & Healey, 1995; Zhang et al., 2018).
Trong nghién ctru nay, 4 dic trung anh duoc st
dung gom: Entropy, tinh ddng nhét, do tuong phan
va hé sb trong quan dé dit trung cho mdi anh. Cac
dac trung anh dugc trinh bay trong Bang 1.

1) (iv J):

Bang 1. Bén dic trung két cdu quan trong caa

mét anh
Dac trung Bién Cong thure
. -\2
Entropy X, Z p(i. j)
i
. .k ..
D6 tuong phdan X, Z|'_ [ et )
1]
i
Tinh ddng nhdt X, ), Ui, 1)

1+fi-j|

2(i—ui)(j—ui)p(i, i)

i 8,6,

]

Hé sb twong quan X,

trong d6 1, p; la trung binh va d¢ léch chuén

cua tong hang va cot trong ma tran GLCM tuong
ung.
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3. THUAT TOAN PE NGHI
Cho Z ={z, z,,.., 2} ladiy gbm N di li¢u
O = {v}‘), v, VS)} la

tap gom N chum trong tdm tai vong 1ap t. Dé phan
tich chum cho Z, ta thyc hién cac budc sau:

Buéc 1. Khi t=0, khoi
A :{v{o), v, vfj’)} =Z.

Budéc 2: Cap nhat chum trong tdm theo cong thirc

if(v(tl (t- )v(t 1)

ban dau véi p chiéu va V

tao  vector

v =2 ,i=1,2..,N
f V'(t—l) V(l—l))
2
trong do
1—c(vf”’, VEH))
=5
f(vi("l),v(j'*”)z e khic(v}"l),v(j"“)gcs,
0 khi c(vi(”l), VEH)) >,

Véi ¢, 1a hé s tuong tu chim va dugc tinh theo
n , S . FO
cong thuc (1), A= T la gia tri tham s6 va

C(Vi(t’l) Y = ) 1a khoang cach Euclide cia phan tir

v va vy,

Busc 3: Lap Budc 2 cho dén khi

max v —vﬁ"l)‘ <g.
1

lai

‘Sau khi Budc 3 két thic, néu VO ¢6 bao nhiéu
phan tir thi ta s€ dugc bay nhiéu chum. Gia st két
thiic budc nay ta c6 k chum.

Budc 4: Bit dau véi k chim. Ma hoa céc nhiém
sic thé (NST) theo kich thuéc kp phan tir dai dién
cho phéan ving ¢6 p chiéu. Gia tri cia m&i NST nam
trong khoang nho nhat va 16n nhat cua dir ligu.

Budc 5: Khai tao p chudi NST véi do dai kp va
tinh toan gia tri ham muyc ti€u FB sir dung cong thirc
©)2

Budc 6: Sur dung cac toan tu: chon loc, lai ghép
va dot bién.
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— Toadn tir lai ghép: Cho L, va L, 1a hai NST
b6 me ban dau. Khi do, NST con dwoc tao ra theo
cong thuc sau:

Child = L, +rand *(L, - L,).

trong d6 rand la vector ngiu nhién c6 cting do
dai v6i NST bd me va ¢ cac gia tri nam trong
khoang [0, 1].
Todn tir dét bién: Cho x 1a gié tri tai vi tri
duoc lya chon cho qua trinh dot bién. Sau qua trinh
dot bién, gia tri x tro thanh x' theo cong thic sau:

x'=x+N(0, 02).

Toan tir chon loc: Muc dich chinh cua toan
tu nay la Iya chon NST bd me cho qua trinh tao ra
quan thé méi cho vong 1ap tiép theo. Trong nghién
clru nay, phuong phap vong quay Roulette duoc su
dung Xac suét lya chon mdi NST phu thuge vao
mdi chum C, , duoc x4c dinh béi cong thirc:

_ FB

i~ N

B,
j=1

trong d6 FB, la gia tri ham muc tiéu cua NST
thir i trong quan thé dang xem xét va N 1a s6 NST
c6 trong quan the.

Budc 7: Tinh gia tri FB cua mdi NST thu dwoc
tir Budc 4.

~ Budc 8: Lap lai Budc 5, Budc 6 va Budc 7 cho
déen khi so vong 1ap hién tai dat cuc dai hoac

‘FB(‘) ~FBY|<e

trong d6 FBY 1a gia tri cia ham muyc tiéu tai

—t

vong lap thar T va FB( ) la gia tri ham muyc tiéu trung
binh cua tat ca NST trong quan thé hién tai.

Trong thuat toan dé nghi, ¢ 1a mot s6 dwong nho.
Néu e cang nho thi cac vong 1ap cua thuat toan co
thé cang nhiéu va nguoc lai. Trong nghién ctru nay,
e=0,001 duoc chon.

4. ViDU MINH HQA VA AP DUNG

4.1. Vidu minh hea

Trong vi du nay, 200 phan tir dugc trich xudt tir

bdn phan phdi chuan hai chiéu véi trung binh va ma
tran hi¢p phuong sai dugc cho nhu sau:
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o 12w (01 5 0L 0
mEMTo1) 4l 0 01)

] 0,1 0,05
Nhom 2: p, = 005 01
) 0 -0,05
Nhom 3: p, = , .
2 —O 05 01
Nhom 4: i, _[zj ( 8(1)1 _8’;)1].

Trich xuat 50 phan tur hai chiéu tir mdi nhom,
chung ta c6 dugc 200 phan tu roi rac dwoc cua 4
nhom dugce ky hiéu nhu sau:

C, ={21’ Zysuen Zso}; C, ={251, Zgysuens ZlOO} ;

C, ={2101’ Ziggsees 2150}; C, ={2151, Lispreem Zzoo}-

Céc phan tir nay duoc cho béi Hinh 1.

N Nhém 1 ' Nhém 2 ' Nhém 3

4p

Nhom 4|

a
b B8, 8
o, Benedid o
an ? QW
ace
1 05 0 15 2 25 3

Hinh 1. Do thi phan tin cia 200 phan tir roi rac
Buéc 1: Khéi tao vector V@ | trong do
v<°) =(0,52; 0,12),

= (-0.19; 0,47),..., i3} = (1,80; 2,38).

200

Budc 2: Cap nhat gia tri cia mi phan tir trong
tap dir liéu, ching ta thu dugc

=(0 54;0,16),

=(-0,03; 0,49),..., i3} = (1,73; 2,05).

Budc 3: Kiém tra diéu kién ding, ta co

max

~v?|=0,8216 > (i =1,..., 200) .

Ta thay diéu kiép thuét toan chua thoa man nén
1ap lai Budc 2 cho dén khi dir liéu hoi tu vé cac chum
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trong tdm. Sau 5 vong 1ap cua Budce 2 va Budc 3,
ching ta nhan duoc 4 phan tir dugc minh hoa boi
Hinh 2.

25

Nhom 4

w Nhém 1 ' Nhom 2 ' Nhém 3

a

0 I I I I I I I I |
0 02 04

Hinh 2. Sy hdi tu ciia 200 phan tir ban dau vé 4
phan ti¥ sau 5 vong lip

Vi 200 phan hoi tu vé 4 chum trong tim nén
chung dugc chia thanh 4 chum. Két qua nay phu hop
vai thuce té cua dix liéu.

Budc 4: Ma hoa NST dau vao vai cac gia tri nam
trong khoang [V; Vi | » trong do
Vimin = [-0,898; -0,771; -0,989; -0,771; -0,989;
-0,771; -0,989; -0,771].

Vimax = [2,872; 2,799; 2,872; 2,799; 2,872,
2,799;

2,872; 2,799].

NST, = [-0,275; 2,188; -0,287; - 0,186; 1,703;
1,996; 2,406; 0,289].

Budc 5: Thuc hién cac toan tir cua thuat toan.

Thuc hién toan tir lai ghép vai 80% NST trong
100 NST tir quan thé thyuc hién qua trinh nay.
Két qua NST tir qua trinh lai ghép, thyc hién tiép

tuc qua trinh dot bién c6 xac suat xay ra dot bién 1a
1%.

Budc 6: Tinh toan gia tri ham muc tiéu FB cho
tung chum trong tdm sau Budc 5. Vi 100 NST,
thuat toan xac dinh NST (chum trong tdm) thar 22 ¢6
gia tri FB = 0,44 thap nhat.

NST, = [-0,39; 2,10; -0,16; - 0,06; 2,11; -0,01;
2,31; 2,11].

Budc 7: Toan tir lya chon: chum trong tam thr
22 va 81 dugc lya chon cho vong lap tiép theo.
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NSTs: = [ 2,01; -0,36; 2,78; 2,51; 0,37; 1,55;
0,33; 0,01].

Budac 8: Lap lai Budc 5, sau 100 vong lap thuat
toan s€ ding. Qua trinh thyc hién nay dugc minh
hoa béi Hinh 3.

Chi 56 FB : 0.382019 - Chi s6 FB trung binh: 0.382020

Chisg FB.

50
Veng lap

Hinh 3. Sy hgi tu cia thuét toan sau 100 vong 1ap
Khi d6 ta c6 mdi quan hé gitra mdi phan tir voi 4
chum duoc cho béi Hinh 4.

g
@ 05

T

14 160 180 200

NI

160

10
S§ phan tir - Chim 1
—_—

sudt
e ©

T
il
140

L L
0 20 4 60 80 100 120
S6 phan tir - Chim 2

3
!
e
g o9 H H ‘
$
o
e

S6 phan tir - Chis
i i i i
20 60 80

40 100 120
G phan tir - Chim 4

T T
i i
120 140

m 3

200
200

o
fos
E |

0

i
140 160 180

Hinh 4. Xac suit thudc vao 4 chum ciia 200
phan tir.

Tir Hinh 4, chung ta ¢6 thé thay rang thuat toan
d@é xuét cho két qua xac suat md kha cao va gan véi
két qua cia phuong phap phdn tich chum thong
thuong. Ngoai ra, dé thé hién duoc wu diém cua
thuat toan dé xuit, tac gia da so sanh véi 2 thuat toan
cung dang dd duoc cong bd gdm Thuat toan c—
Trung binh m¢ (Fuzzy c-mean) va thuat toan cua
nhém tac gia Tai va Thao (2018) thong qua 2 chi sb
PE va PC. Két qua so sanh duoc cho bai Bang 2.

Bing 2. Chi sé PE va PC ciia cac thuit toan

Thuét toan PE PC
Fuzzy C-mean 0,306 0,867
Tai va Thao (2018) 0,128 0,898
Dinh et al. (2021) 0,098 0,965
Dé xuét 0,068 0,973
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Theo Bang 2, ching ta c6 thé khang dinh rang
thuat toan deé xuat c6 ket qua phan tich chum mo
hiéu qua hon, véi chi so PC = 0,973 la 16n nhat va
thap nhat 1a PE = 0,068.

4.2. Ung dung trong di liéu anh

Thuat toan dé nghi duoc tng dung cho dit ligu
anh. Cac hinh anh dugc sir dung dé nhan dang 1a
dix liéu cua Brodatz. Tap dit liéu nay duoc chia
thanh hai nhém véi 21 hinh anh trong méi nhom.
Tap dit liéu dwoc Iy tir nguon mo
http://imagem.sel.eesc.usp.br/base/Brodatzrotated/i
ndex.html.

Mat sb anh mau caa hai nhoém duge cho bai
Hinh 5.

Déi v6i mdi anh, viéc trich xuét thanh ma tran
dong hién muac xam véi 4 bién cu thé duoc tom tat
bai Bang 3.

Bang 3. Két qua trich xuit 4 dic trung cia 42

hinh anh
 botwone HESO Tinh
Anh ¢ ne twong Entropy dong
phan A

guan nhat

I 0,808 0,908 0,133 0,807
I, 1,036 0,887 0,129 0,761
l 0,331 0,965 0,151 0,881

Sau khi trich xuét cac dic trung ciia anh, ching
t6i xac <;Ijnh s0 lugng chum thich hop chp tap dix liéu
nay. Két qua caa giai doan 1 dugc thé hién trong

Hinh 6.
T T T T T 1
HHHHHIH | %|||‘|D|

T T T
03
08
—
= 04
B} | | | | |
5 10 15 0

Hinh 6. Gia tri 4 diic treng ciia hinh anh trong
lan 1ap cudi cung

.

Tir Hinh 6, chung ta ¢6 thé thay ring mdi dic
trung déu hoi tu dén hai gia tri mot cach rd rang. Do
do ket thuc giai doan nay, chung ta c6 hai chum.
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Tiép tuc thyc hién giai doan 2 v&i 80 lan lap, ta c6
két qua nhu Hinh 7.

- Best FB: 0.196808 Mean FB: 0.196809

33
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FB index
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Hinh 7. Sy hdi tu caa Giai doan 2 qua cac giai doan

Khi d6, x4c suat d& gan cho cac chum duoc cho
bai Hinh 8.

2 5 30 35
Cluster 2

Hinh 8. Xic suit thuc vao hai chim ciaa 42
phan tir
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So sanh véi thuat toan duge dé xuit va cac thuat
toan khac, ching ta c6 Bang 4.
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