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TOM TAT

Nghién cuu duoc thuc hién nham cdi tién thudt todn tw cdp nhdt
chivm cho cdc ham mdt dg xdc sudt (PDF) khi tham sé trong thudt
todn dwoc chon thich img véi timg tdp dir liéu thay vi la mot hang
$6 nhu cdc thudt toan truoc do. Thudt toan aé nghi duoc trinh bay
chi tiét cac budc thuc hién va vi du sé6 minh hoa. Thudt todn dé
nghi ciing dwoc ap dung cho dir ligu dnh khi cdc pixel cua chiing
dwoc trich xudt va biéu dién thanh cac PDF dai dién. A'p dung cho
dir liéu s6 va dit liéu anh, thudt todn dé nghi da cho két qua 10t va
thudn loi hon mét sé thudt toan dugc cong bé gdn day.

Tir khod: Dit lidu anh, ham mdt d xdc sudt, phan tich chum, tw
cdp nhat chum

ABSTRACT

This research improves the cluster self-update algorithm for
probability density functions (PDFs) when the parameter is
selected based on each dataset rather than being constant, as in
previous algorithms. The proposed algorithm is presented in detail
with step-by-step procedures and numerical examples. It is also
applied to image data, where the pixels are extracted and
represented as representative PDFs. Applying numerical examples
and images demonstrates that the proposed algorithm obtains
good results and outperforms some recently published algorithms.

Keywords: Image data, probability density function, cluster
analysis, cluster self-update

1. GIOI THIEU

Phan tich chum la cong cu hoc khong dugce giam
sat, véi muyc tiéu khai pha va phan bé dit liéu phi ciu
tric thanh cac chim, sao cho nhiing d6i twong trong
cung chum cé duoc su tuong dong theo nhitng dic
tinh chung nao d6. Trong xtr ly dit liéu 16n, phén tich
chim dugc xem 1a nén tang khong thé thiéu nén nd
da va dang nhan duogc rat nhiéu sy quan tam cia cac
nha nghién ctru (Hung et al., 2015; Chen et al., 2020;

Le et al., 2023).

Phan tich chum c6 thé thuc hién cho dit liéu
diém, dir liéu khoang va dir liéu ham mat d6 xac suat
(PDF). Phan tich chum cho dit liéu diém duogc dé
nghi tir rt sém, dugc phat trién rat manh ca ly thuyét
va ung dung (Vo & Nguyen, 2018; Hung et al.,
2021; Vo et al., 2023). Trong thuc té, chung ta ciing
Iwu trir nhiéu dir liéu khoang nhu gia thap nhét va
cao nhat ctia ¢6 phiéu, vang, d6 la. Cac dir liéu thoi
tiét nhu nhiét do, lwvong mua, d6 am,. .. cling thuong
duoc ghi nhan dudi dang khoang. Do do, viéc phan
tich chum cho dir liéu khoang da dugc d& nghi (Le
et al., 2023). Khi dit liéu 16n, mdi d6i twong can
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dugc xem 1a mot phan phéi hay dit liéu phirc tap nhu
hinh anh c6 thé dugc dai dién boi mot phan phdi thi
phan tich chum cho cac PDF da dugc dé nghi (Chen
& Hung, 2015; Chen et al., 2020). So véi dit lidu s6
va dit liéu khoang, phan tich chum cho cac PDF
duogc danh gia phtrc tap hon, dac biét 1a tng dung.
Su phtc tap thé hién trong d6 do dénh gid sy twong
tu cua cac PDF va trong céc tinh todn. Viéc phan
tich chum cho cac PDF dugc nghién clru nay
quan tam.

C6 nhiéu thuat toan phan tich chum khéc nhau
da duoc dé nghi nhu: thudt toan thir bac, khong thu
bac, cuc dai hoa ky vong. Khi xay dung thuat toan
phan tich chum, viéc xac dinh sé chum thich hop va
nhitng phan tu cu thé trong mdi chum la hai van aé
quan trong can phai duoc giai quyét. Khi hai van dé
nay dugc thuc hién trong cung mot thuat toan thi nd
duoc goi 1a thuat toan ty cap nhat chum (cluster self-
update algorithm, CSU). CSU lan du tién duoc gidi
thi€éu boi Chen and Shiu (2007), véi y tuong don
gian 1a cac dbi tuong thude cing mot chim qua thuat
toan hoi tu dén cung mot phﬁn t&r. Trong CSU, sy
hoi tu cua thudt toan ciing nhu két qua phan tich
chum phu thudc vao mét hﬁng s6 ma no duge chon
c6 dinh cho tit ca dit li¢u. Sau nam 2015, CSU dugc
phat trién nhanh véi nhiéu céi tién méi vé& van dé
ban kinh 1an can. Chen and Hung (2015) da phat
trién ban kinh 1an c4n béi gia tri trung binh cac
khoang cach. Su thay ddi nay dwoc 4p dung vao dit
liéu ham mo va dang cdu (Hung & Yang, 2015).
Viéc str dung ban kinh lan can bai trung binh khoang
cach thich Gmg duogc v6i nhimg tap dit liéu c6 nhidu
dac tinh khac nhau cua thyc té, tuy nhién nhiéu
truong hop van khong cho két qua phén tich cham
thich hop. Dé cai tién nhugc diém nay cta chinh
minh, Shiu and Chen (2016) d4 dé nghi m6 hinh tinh
va dong qua mdi 1an lap. Sy cai tién nay d4 tao ra sy
thich tng hon véi dir li€u cia thuét todn nén nhén
dugc nhitng két qua tét cho nhiéu tap dir lidu. Tuy
nhién, cac tham s6 trong thut toan cta Chen and
Chiu (2016) thyc chat van 1a hang s6. Nguoi sir dung
khi thyc hién van phai cai dat truée ba tham sé nhur
béan kinh l4n c4n, tham s hoi tu va ham hat nhan.

V& tham s hoi tu trong CSU, mot ) cong bd
quan trong sau da dugc quan tdm. Trong Chen and
Shiu (2007), tham s6 nay duoc str dung cddinhla 1.
Vi Chen and Shiu (2016), né dugc thanh 1ap dua
trén ban kinh va s6 vong lap. Mot dé nghi dang cht
y ctia Chen and Hung (2015) la chon tham s6 hoi tu
bang phuong sai cua timg doi khoang cach. Thuat
toan cai tién nay ciing dugc ap dung cho dir liéu
khoang bdi Hung et al. (2016), nghién ctru cuia Le et
al. (2023) cho rang, viéc chon tham s bang trung
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binh va phuong sai chua giai quyét duoc van dé phat
hién nhiu nén da lan luot thay bang trung vi va
khoang tt phan vi. Pham and Vo (2023) tap trung st
dung ty cap nhét cho mo hoa dir liéu chudi thoi gian
v6i sy thay doi tham sb cho ting trudng hop cu thé.
T4t ca cac nghién ciru trén déu khing dinh rang viée
tham sé trong thuat toan CSU quyét dinh s6 chum
thich hop ciing nhu nhimg phan tir trong mdi chum,
nhung viéc xac dinh t6i wu cho nd van 1a bai toan
chua c6 10i giai cudi cung.

Thuat toan CSU dugc nghién cuu vdi nhiing
dong gop chinh sau:

(i) Tong quat hod viéc chon tham s trong thuat
toan CSU, phu hop véi timg tap dit liéu dé t6i vu két
qua xay dyng chum.

(ii) Ung dung cho dit li¢u anh khi dac trung pixel
cua chung duogc trich xuét dé chirng minh sy hiéu
qua cua thuit toan dé nghi.

2. CAC VAN DPE LIEN QUAN
2.1. Ham mat d x4c suit trong tim

Trong cac thuat toan xay dung chum cho dit li¢u
PDF, viéc xac dinh ham trong tdm cia cac chum la
van dé quan trong. Trong nghién ctru nay, ham trong
tam dugc dé nghi thong qua cac dinh nghia sau.

Pinh nghia 1. (Ham hat nhan) Ham ¢ duoc goi
14 ham hat nhan khi va chi khi né thoé cac diéu kién
sau:

1) 0<¢pw,v)<1; ¢p(u,v) = 1khiu =,

(ii) ¢(u,v) chi phu thuéc vao khoang cach
d(u, v) giita hai phan tir.

(iii) ¢(u,v) 1a ham nghich bién theo khoang
cach cua d(u, v).

Pinh nghia 2. (Ham mdt dg xdc sudt trong tim)

Cho m chum {C,C,,...,Cy} cua n-PDF
{fi, f2» we» fn}, (M < n). Khi d6, ham
9, = (—(p(flf’) ><f]->,i =1,2,..m
= Y d(fir f)

duoc goi 1a ham trong tdm cua chum C;.
Ta c6 2 nhan xét sau:

e Vi ham ¢ () khong am va c6 gia tri trong
doan [0; 1], nén ham trong tdm 6; cling khong am.
e Mit khac ta cé

s o(fif))
'ITicid(Fuf))
mot PDF).

Do d6

=1,[fi(x)dx = 1(vi f(x) 1a
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fﬂi(x)dhfz o(f f;)

2\ T 00 )

_ (Z ] d(fufj)
< Yi<jd(fif))

X fi(x) |dx

)ff]-(x)dx =1.

Tur hai nhan xét trén, ta Két luan dugc ham trong
tam ctia mot chum ciling 12 mdt PDF.
2.2. Khoang cach ciia hai ham méat d¢ xac
suat

Pinh nghia 3. (Khodang cdch L,) Cho hai PDF
filx) va f,(x), x € R. Khi d6, khoang cach L,
gitra f; (x) va f,(x) dugc dinh nghia la:

Ife, folly = [1fi(x) = f2()] dx.

Tu dinh nghia trén, ta ¢6 0 < ||fy, f21]; < 2. Khi
hai PDF cang xa nhau thi khoang cach nay cang lén
va nguoc lai. Néu hai PDF trung nhau thi khoang
céch bang 1 va néu hai PDF roi nhau hoan toan thi
khoang cach nay bang 2.

2.3. Trich xuit anh thanh ham mit d§ xac

suit dai dién

bé nhén dang anh, trudc hét chung ta phai trich
xudt dic trung ctia nd. Cac dic trung cta anh co thé
duogc st dung la hinh dang, mau sic va két cau.
Trong nghién ciru nay, dic trung mau sic duoc st
dung thong qua cac diém pixel cta anh.

Sau khi cac dic trung dugce trich xuat, chung ta
phai biéu dién chiing thanh mot dbi tugng nao d6 dé
nhin dang. Thong thuong db6i tugng dai dién cho
anh 12 ma tran, cac diém va cac khoang. Pdi tuong
dai dién cho anh 1a PDF dugc st dung vdi cac bude
thue hién cu thé sau:

Buéce 1. Chuyén ddi hinh anh mau bét ky vé
dang anh mau xam.

Budrc 2. Chuyén ma tran diém anh thanh mot véc
to cOt bang cach duoi thang tat ca gia tri pixel.

~ Buére 3. Udc lugng PDF cho mdi anh dya vao
ket qua ctua Budce 2.

Nhu vay, viéc nhan dang hay phan biét cac hinh
anh voi nhau dua vao sy khac biét mau sic thong
qua cac PDF dai dién. Két qua thé hién & Hinh 1
minh hoa cac bude trich xuat dic trung pixel cia
mdi anh thanh mot PDF.
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Vector do

Ham mat |
phan giai

do xac suat

Hinh anh
mdc xam

Hinh anh
dau vao

mxnx3 (m xn) x1

Hinh 1. Minh hoa céc buéc trich xuAt mdi hinh
anh thanh PDF

m xn

C6 nhidu phuong phap tham s6 va phi tham s6
dé u6c lugng PDF. Trong nghién ciru ndy, phuong
phap ham hat nhan, mot phuong phap phi tham s6
dugc st dung phd bién hién nay dugc st dung. Vi
dir liéu 1a cac diém {xy, x,, ..., Xy}, PDF uéc luong
theo phuong phap ham hat nhan c6 dang:

f@ =y K (5

(1)

trong do,

o x;ladirliGuthhivéii=1,2,..,

e hlatham s tron,

e K(-) 1a ham hat nhan thoa man hai diéu kién
K(-)=0va[K(x)dx = 1.

N,

Khi c6 mét tap dir lidu cu thé, két qua ude luong
PDF tur tap dir liéu nay phu thudc vao viéc chon
tham sd tron va ham hat nhan. Mic du cé nhiéu
nghién ctru quan tdm dén hai van dé nay nhung van
chua c6 mot phuong phap nao duoc xem hiéu qua
cho tat ca sb lidu. Trong nghién ciru nay, ham hat
nhan dugc chon c¢o6 dang chuin K(x) =

\/%_nexp(—xz/z) va tham s tron duoc chon theo dé

nghi cua Bowman and Azzalini (1997). Cu thé, h =
(4/3)'/% - - N'/3,v6i N va o lan lugt 1a s0 phan
tr va d6 1éch chuan cua tap dir liéu.
2.4. Tiéu chuidn danh gia chit lwong ciaa
thuat toan phan tich chum

Khi chum dugc xdy dung, dé danh gia hi¢u qué
cua céac thuat toan phan tich chum véi nhau, c6 thé
can cu vao nhiéu tham so thong ké. Trong nghién
ctru nay, tham s0 ARI va G-mean dugc st dung.

(i) Chi s6 ARI (Adjusted Rand Index) do murc d§

tuong dong gilta két qua phan chum cua thuét toan
va thuc té. Chi s6 nay dugc cho boi cong thirc sau:

_n()-EOEQC)]
R RSEAT
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® n;j: S6 phan tir chung giita chum thuyc té thir
i va chum cua thtr j cta thuat toan,
[ ] a; =
thuc té thir i i
=: Téng sb phan tir trong chim tht j cia
thuat toan,

X nij: Tong s6 phan tir trong chum

e n: Tong s6 phan tir trong tap dit licu.
e :SHtd hop chép hai cua n, biéu thi téng $6
cdp mau.

ARI b gia tri trong doan [—1; 1], v6i ARI cang
16n thi két qua phan tich chim cang t&t va nguoc lai.
Khi két qua phan tich chim hoan toan khép véi thuc
té thi gia tri cia ARI 1a 1 va nguoc lai, khi két qua
phan tich chum hoan toan khac thyc té thi ARI nhan
gia tri 1a —1. Gia tri ARI bang 0 khi cac d6i tuong
dugc phan bd ngiu nhién vao cac chim.

(i) DO nhay (Sensitivity) cod cong thuc la

el L d6 chuyén (Specificity) cé cong thirc la

, trong 6 TP 1a s6 cdp diém duge phan chum

TN+FP x Y
dung vao cung mot chum, FN 1a s6 cap diém thude

cung chum nhung bi phan chum sai, TN la sO cap
diém thuoc cac chum khéc nhau va dugc phan chum
dung, FP 14 s6 cap diém thudc cac chum khac nhau
nhung bi phan chum sai.

(iii) Chi s6 trung binh nhan (G-mean) la can bac
hai cua tich d6 nhay va d¢ chuyén. Cu thé:

G-means = \/Sensitivity X Specificity.

Ta c6 G-means c6 gia tri [0; 1]. G-means c6 gid
tri cang 16 thi két qua phan tich chum cang tot va
nguoc lai. Khi G-means bang 1 thi két qua phan tich
chum la hoan hdo.

3. THUAT TOAN PHAN TiCH CHUM PE
NGHI

Cho tdp n PDF: F = {fl,fz, «os fn} trong khong
gian d-chiéu. Goi € 1a mot s0 duong nho tuy y va
T € N* la s6 lan lap t6i da cua thuat toan. Thuat
toan CSU cai tién cho F gdbm bdn bude sau:

Buéc 1. Tai vong lap t = 0, ta gan day trong tdm
khai tao chinh la cac PDF ban dau. Tuc la
0
o)

_(p® g©® @) = [£© £©)
0© ={0/",6”,..,0°} = [, /. ..,

Budc 2. Lay ngau nhién khong 13p theo phan
phoi déu mot tp hop con S cia F cod lyc lugng

In/2].
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Budc 3. Tai vong lap t + 1, nang cép trong tim
O+ theo cong thirc sau:

0(6°,6°)

(t+1)
6" =
l Ze(.t)es ‘7"’(01@' 9150)
]

X 9].“) (2)
®
0;"es

1,2,..,n, i<j va (607,619 Ia
ham hat nhan chat cut dugc xac dinh boi

© 5o _ [exp(L(6,6(7)/2) (),
o(6; .6 ) {0 / )

voi I,j =

véi didu kién cua (a) la L,(6°,67) <
patty;(£), va didu kién cua (b) 1a L, (6,6) >
Uaaij(t).

Trong ham hat nhan chét cut, ta c6

o L,(6,67) la khoang cach timg doi giita
hai PDF trong tam bat ky & vong lap ¢,

1y = ﬁ Yicj L1(6{7,6(") Ia trung binh cia
2

tung doi cac khoang céach L4,

aij(t)

° C(i]'(t + 1) = 1ra; (C)d)( (t) g(t))

,a;;(0) =1
1a tbe d6 hoc,

o A= la tbc do hoi ty, trong d6 tham sd

Oq = j@l)zid‘ (L1 (ei(t)'gi(t)) - “d)z la_phuong

sai cua ting do6i cac khoang cach.

Budc 4. Lap lai Buoc 2 va Budc 3 ¢ lan hodc
diéu kién sau dugc thoa:

l0© — 6¢V|| = max{L, (60, 60°)} <€, (3)

trong do6 € 1a mot sé duong nho tuy ¥. Trong cac
vi du s0 va (mg dung ctia nghién ciru nay, € = 107°
duoc chon.

Khi thuét toan dé nghi két thic, néu O® ¢o bao
nhiéu phén tir thi ching ta chia tap dit liéu ban dau
F thanh bay nhiéu chum. Nhiing phén tir ciing hdi tu
vé chung mét PDF dai dién thi dugc xép chung mdt
chum.

Nhén xét. Ta c6 mot s6 nhén xét sau vé thuét
toan dé nghi.

(i) O Budc 2, cac tap hop con dugc chon chi
chiém 50% dir liéu ban dau va khong anh hudng dén
két qua cua thuat toan nhung lai lam giam dang ké
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su lap lai cua thuat toan va tang kha nang tim kiém
cac doi tuong mdi mot cach ngau nhién.

(ii) Diéu kién (a) va (b) 1a mot sy cai tién quan
trong trong thuat toan dé nghi so véi cac thuat toan
trudc d6. Ban kinh ctia lan can r(t) = pga;;(t) thay
d6i qua timg vong lap t boi tbe do hoc a; ;(£) vaco
gian d¢ 16n vdi khoang cach trung binh p, thay vi
cb dinh nhu cac thuat toan trudec d6. Cac lan can
cling c6 sy tu cap nhat dua trén y tuéng cua Self-
Organizing Map vé lugng tir hoa véc to mang no-
ron. Khi khoang cach L, cuia hai PDF bét ky 16n hon
ban kinh 1an cén, trong tdm d6 khong dugc xem xét
va gan trong s6 1a 0. Nguoc lai, khi khoang nay nim
trong ban kinh cho phép, ta xem xét trong s6 va di
chuyén trong tam.

(iii)
ctia nghién ctru nay. Thay vi A 1 mot hang sé ¢
dinh (tinh), A trong thuét toan dé nghi dugc xem 14
dong. Gia tri ciia né phu thudc vao phuong sai cua
timg do6i khoang cach (a,) va giam lién tyc tir g, vé
0. Khi vong lap t cang lon, tdc do hoi tu A cang nho,
lam cho trong s& ¢ cang cao. Tur do, ham ¢ gip cac
trong tam di chuyen cham hon. Didu nay cho phép
thuat toan dé nghi ¢6 két qua hop 1y hon khi cac
phan tir ¢ nhiéu sy chong lap.

4. ViDU SO
4.1. Vidul

Viéc chon 1 = % cling 1a mgt dong gop

Goi F 1a tap gdom 20 PDF c6 phan phdi chuan 2
chidu véi cac véc to trung binh dugc sinh ngau nhién
theo phén phdi chuan va hiép phuong sai theo phan
ph01 déu. Chi tiét dir liéu mo phong xem xét gom
bbn chiim, mdi chim gom 5 PDF lan luot ¢6 véc to
trung binh nhu sau:

Chum 1: u; ~ N((—=1,—-1)T; 0,05L,),
Chum 2: u, ~ N((1,1)7; 0,051,),
Chum 3: u; ~ N((1,-1)7; 0,051,),
Chum 4: u, ~ N((-1,1)T; 0,051,),

trong do: I> 1a ma trén don vi cép 2. Ma tréan hiép
phuong sai ciia cac phan phdi dugc xac dinh nhu

Sau:
(05 wu/2
Z‘(u/z 0,5)'”

Hinh 2a th¢ hi¢n dd thi bé mat 3D cua 20 PDF
va Hinh 2b 1a dudng dong muc ctia ching.

ulo, 1].
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(b)
Hinh 2. (a) Do thi bé mit cia 20 PDF cé
phén phoi chuan hai chieu; va (b) Puong dong
mirc cia cac PDF

Hinh 2 cho thay cac PDF & vi du nay co ty 1&
chdng 1ap kha cao giita cac nhom nén cé thé 1a mot
thach thirc cho bai toan phan tich chum.

Ta lan luot thuc hién cac budc trong thudt toan
dé nghi véi Kkét qua thyc hién nhu sau:

Budre 1. Xay dung PDF trong tAm ban dau tring
véi toan bd PDF di cho. Cu thé, ta cd

0O = {91“’), 6L, ...,e§g>} = {f1, fo o fro}-

Tinh ting doi cac khoang cach L, (6(”,0*)
gifra hai trong tdm bat ky, ta nhan dugc Két qua dugc
thé hién & Hinh 3.

ot

20 0

5 10 15

20
Hinh 3. Ma tran khodng cach cac trong tim

Tinh khoang cach trung binh va phuong sai cua

cac khoang cach, ta nhan dugc két qua:
tqg = 1,50 vao; = 0,54.

Bude 2. Chia [n/ 2| = 10 PDF mdt cach ngau
nhién theo phan phdi déu, tire 1a ta chon cac PDF
trong tap S dé khao sat trong so, trong do,

S={1;3;4;7; 8 9; 14; 18; 19; 20}.

Buérc 3. Vi tai vong lap dau tién t = 0, a;;(0) =
1, ban kinh 1an can luc nay 1a gz = 1,50 nén toc do
héi ty A c6 gia tri bang g, = 0,54. Khi d6, ma trén
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¢ gilta hai trong tdm thudc tap hop S duogc tinh véi
ket qua thé hién trong Hinh 4.

g

16

18

R

Hinh 4. Ma trian ham hat nhan ¢

Bude 3. Tién hanh nang cip cac trong tim theo
cbng thirc (2) ta nhan dugc sy bién ddi cla trong
oM ;

L

Il=

tam 1; 2; 3; 4, trong d6 d thi duong dong
murc cua chung dugc thé hién boi Hinh 5.

4

gl
-4 -2 0 2 4

Hinh 5. Pwong dong mirc ciia cic trong tim tai
vong lap thir nhat (¢ = 1)

Budc 4. Tinh diéu kién dimg theo cong thirc (3),
ta co

e=]0® - 0| =max|g;;* -6, = 0,08.

Vi diéu kién dimg chua thoa min (e > 107°),
nén ta tiép tuc 1ap lai Budc 2 va Budc 3 véi su cap
nhét cua cac trong tam 651),i =1; 2; 3; 4. Sau 13
vong lap, thudt toan hoi tu. Qua trinh dung ung véi
gia tri cia € qua 13 vong lap dugc mo ta trong
Hinh 6.
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Hinh 6. Qua trinh dirng ciia thuit toan dé nghi
qua 13 vong lap

Chi tiét PDF trong tim ctia mot s6 vong lip c6
cac duong dong muc dugc trinh bay trong Hinh 7.

Két qua thé hién & Hinh 7 cho thay riang sau mdi
vong 1dp, cac trong tam hoi ty vé bdn chum. Tai
vong lap thir 13, chiing ta ¢6 bdn trong tim mot cach
1d rang. Do do, ta c6 bon chum. Vi cac PDF chung
mot nhom ban dau déu hoi tu vé cung mét PDF trong
tdm nén ching ta ciling c6 cac chum vadi cac PDF
dung nhu ban dau.

Dé danh gia hiéu qua cta thuat toan dé nghi so
véi cac thuat toan khac, cac chi sb ARI va G-Mean
dugc xem xét. Thuat toan dé nghi duoc so sanh voi
cac thuat toan dugc cong bd trong nhimng nim gan
day nhu thudt toan cua Chen and Hung (2015),
Hung et al. (2021) va Le et al. (2023). Mdi thuat toan
duoc thyuce hién 30 1an 1dp lai va danh gia Kkét qua trén
trung vi cua cac hé s6 danh gia. Cu thé su khac biét
clia cac trung vi duoc kiém tra dya vao phuong phap
Kruskal-Wallis v6i mic ¥ nghia 0,05. Két qua so
sanh cua cac thuat toan cho tap dir liéu nay dugc
trinh bay trong Bang 1.

Bang 1 cho thdy mic do hiéu qua cua cac thuat
toan phan tich chim dugc xem xét. V& chi s6 ARI,
cac thuat toan duge so sanh déu & muc rat thép (0,00
- 0,30), trong khi thuat toan dé nghi da cho két qua
vuot troi, dat muc tdi wu (4RI = 1). Két qua kiém
dinh Kruskal-Wallis chirng minh sy khac biét trung
vi cta thuét toan dé nghi véi cac thudt toan khac véi
mtc v nghia p < 0,05. Ching ta cling c6 nhiing
nhén xét tuong tu vé su vuot troi cua thuat toan dé
nghi so vai cac thuat toan khac khi can ctr vao tham
s6 G-means.



Tap chi Khoa hoc Pai hoc Can Tho Tdp 61, S6 44 (2025): 69-78

T4 2 0 2 4 -4 2 0 2 4
(dt=5 (e)t=10 Ht=13

Hinh 7. Pwong ddng mirc ciia cac PDF trong tim tai mét sé vong lip

Bing 1. Két qua phan tich chim ciia cac thuit

Puong dong mirc cac PDF trong tdm & vong lap
toan tu cap nhit cho 20 PDF A

cuoi cung cho cac thudt toan dugc so sanh dugc ve,

Thuit toan ARI G-means ta nhan dugc Hinh 8.
Chen and Hung (2015) 0,30 0,71
Hung et al. (2021) 0,30 0,71
Leet al. (2023) 0,85 0,91
Thuit toin dé nghi 1,00 1,00
Kruskal-Wallis < 0,05 < 0,05

T —

N
T

3 ) o 2 4 a1 > 0 2 4
(a) Chen and Hung (2015) (c) Hung et al. (2021)

A Adr———T 7 T

L - 2 —
O — (o) == —
2 — -2 = =
A 1 1 1 4 1 1 1

-4 -2 (6] 2 4 -4 -2 (6] 2 4

(d) Le et al. (2023) (¢) Thuat toan dé nghi
Hinh 8. Trong tim ¢ vong lip cudi ciing ciia cic thuit toin
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Két qua duoc thé hién & Hinh 8 thé hién sy khac
biét vé& mat trong tdm cla cac thuat toan dugc xem
xét va thuat toan dé nghi. RS rang, cac thuét toan
duoc so sanh hiu nhu ¢6 xu hudng co lai va cho $6
lugng chum thap. Cuy thé, thuat toan ciia Chen and
Hung (2015) va Hung et al. (2021) cho két qua hai
chum, trong khi thuédt toan cua Shiu and Chen
(2016) va Le et al. (2023) chi cho mt chum duy
nhét. Nhu vay so vai thuc té, cac thuat toan dugce so
sanh d3 xac dinh sai sb chum, trong khi thuat toan
dé nghi da thé hién su hop 1y trong xac dinh s chum
v6i tap dit lidu nay. Hon nita, cdc tham s6 danh gia
da cho thiy wu diém cta nd so véi cac thudt toan
manh di dugc dé nghi trudc d6. Sy khac biét 16n
nhét cta thuat toan dé nghi véi cac thuat toan con lai

(a) Chudi

(b) Luu

Tdp 61, S6 44 (2025): 69-78

1a sy thich ung trong moi truong cac phan tir gan
nhau, it c6 sy khac nhau vé mat khoang cach va cé
su chong lap cao.

4.2. Ung dung cho dit liéu anh

Phan nay ap dung thuat toan dé nghi dé phan tich
chum cho hinh anh ba loai trai cay. Cac anh nay
dugc trich tr tap d*r liu co6 tén
Natural Color Dataset for Colorization Task va
duoc  tai  mién  phi  tr  website:
https://www.kaggle.com/datasets/tyrionlannisterlzy
/natural-color-dataset-for-colorization-task. Cu thé,

tap dir lidu dugc xem xét gdbm c6 45 anh véi 15 anh
qua chuoi, 25 anh qua lyu va 5 anh qua ca tim. Hinh
9 minh hoa mdt hinh anh cho moi nhom.

(c) Ca tim

Hinh 9. Ba miu hinh anh ciia tip dir liéu anh dwoc xem xét

Dau tién, ching ta trich xut dic trung ctia mdi
anh va biéu dién ching thanh PDF nhu da dé nghi.
Cac PDF nhan duoc dai dién cho 45 hinh anh duoc
trinh bay ¢ Hinh 9.

Tiép tuc thue hién ting budce trong thuét toan dé
nghi, sau 30 vong lap, thuat toan dung, khi d6 ta cé
duogc Hinh 10.

Hinh 10 cho théy, 45 PDF ban dau da hoi tu vé
ba PDF trong tdm. Nhu vay, thuat toan dé nghi da
cho két qua ba chum. Pay 1a mot két qua phan tich
chum dang so véi thuc té.
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Hinh 10. Dit liéu 45 ham mit dd xac suit dwoc
trich xuat tir dir li€u hinh anh

Thuét toan dé nghi ciling duoc so sanh vai cac
thudt toan khac qua cac tham sb ARI va G-means voi
30 1an lap lai. Két qua so sanh cua cac thudt toan
duogc trinh bay trong Bang 2.
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https://www.kaggle.com/datasets/tyrionlannisterlzy/natural-color-dataset-for-colorization-task
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Hinh 11. Cac PDF trong tam cta vong lip
cuoi cung
Bang 2. Két qua phan tich chim cia cic thuét
toan cho tap dir liéu dnh

Thuit toan ARI G-means
Chen & Hung (2015) 0,85 0,93
Hung et al. (2021) -0,02 0,18
Lethikim et al. (2023) 0,82 0,89
Thuét toan dé nghi 0,90 0,95

Kruskal-Wallis <0,05"  <0,05"

Bang 2 mot 14n nita cho théy thuat toan dé nghi
¢6 hiu qua cao va vuot trdi mot cach c6 y nghia so
v6i cac thuat toan duoc so sanh véi tap dit liéu hinh
anh nay.
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5. KET LUAN

Thuat toan ty cap nhat chum cho cac PDF duoc
cai tién trong nghién ctru. Thuét toan dé nghi tap
trung viéc xac dinh tham s6 thich hop ma céc thuat
toan trude d6 chua cé su giai quyét triét dé. Vi cac
chon tham s6 dong, phu thudc vao sy bién dong muc
d6 twong tu cua cic phan tir thong qua do 1éch chuén
tung doi khoang cach gitra cac trong tam, thuét toan
dé nghi c6 thé thich (mg vé&i nhiéu tap dir lidu khac
nhau. Két qua kiém tra thuat toan dé nghi qua dir
liéu mo phong va dir liéu anh d cho thay su hop Iy
cua thuat toan. Két qua so sanh trén céc tap di licu
nay thong qua cac tham so danh gia ciing cho thay
thuat toan dé nghi ¢6 vu diém vuot troi so véi nhidu
thuat toan manh duoc cong bd trude do. Trong thoi
gian tgi, thuat toan dé nghi dugc kiém tra trén nhitng
tap dit liéu co tinh ddc thi nhu chudi thoi gian dé ap
dung trong xay duyng mo hinh dy bao.
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