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TOM TAT

Thuat todan phan tich chum mo cho di liéu anh dwoc xdy dung voi
nhitng giai doan chinh sau: dau tién la viéc trich xudt déc trung
ciia dnh bang phiong phdp hoc sdu Resnet50 véi hai khoi tich chdp
ddu tién va qud trinh gép ddc trung toan cuc. Cac ddc trung ndy
sau do dwoc chudn héa va udce luong thanh ham mat dé xac suat
dai dién. T ié’p theo la qua trinh xac dinh $6 chum thich hop dva
vao ham tw cdp nhdt chiim phit hop. Cudi cing la phirong phép xdc
dinh xac suat thudc vao chiim ciia méi anh. Thudt todn dae nghi da
dwoc trinh bay chi tiét cac buébc thuc hién vé ly thuyét va duwoc
minh hoa trén tdp anh cu thé. Ung dung trén mot tdp dnh cu thé
ciing cho thdy thudt todn dé nghi cho két qua hop Iy va thudn loi
hon mét s6 thudt todn phé bién khéc qua céc tham sé danh gia.

Tir khéa: Dir ligu anh, ddc trung trich xudt, ham mdt d¢ xdc suat,
phan tich chum

ABSTRACT

This study develops a fuzzy clustering algorithm for image data
with the following main stages. First, image features are extracted
using the deep learning method ResNet50, specifically the first two
convolutional blocks combined with global feature pooling. The
extracted features are then normalized and transformed into
representative probability density functions. Next, the appropriate
number of clusters is determined through a self-updating suitable
cluster function. Finally, the method determines the probability of
each image belonging to a cluster. The proposed algorithm has
been presented in detail with theoretical implementation steps and
illustrated on a specific image dataset. Applications on several
specific image datasets also demonstrate that the proposed
algorithm yields reasonable and more advantageous results
compared to some other popular algorithms through evaluation
parameters.

Keywords: Cluster analysis, Extracted features, Image data,
Probability density function
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1. GIOI THIEU

Phan tich chum la mot ky thuat trong khai pha
dit liéu va hoc may ding dé nhoém cac ddi twong c6
dic diém tuong dong vao cting mot chum, sao cho
cac ddi tugng trong cing mot chum thi “gén nhau”
hon so v6i cac ddi tuong thude chum khac (Vo et
al., 2023). Phén tich chum dugc ap dung trong nhiéu
linh vuc khac nhau, dugce xem 1a nén tang khong thé
thiéu lién quan dén khoa hoc dir liéu nén da va dang
nhén dugc rat nhiéu su quan tdm cua cdc nha khoa
hoc trong linh vyc thong ké va cong nghé thong tin
(Chen & Shiu, 2007; Hung & Yang, 2015; Pham &
Vo, 2024).

Phan tich chum c6 thé dugc thuc hién cho nhidu
loai dir liéu khac nhau, bao gém dit liéu diém, dir
liéu khoang va dir liéu ham mét do xac suét (PDF).
Dbi véi dir liéu diém, loai dir liéu phd bién nhat, da
¢6 rt nhiéu thuat toan, trong d6 c6 nhitng thuét toan
nbi tiéng nhu k-means (Zhou & Zhu, 2019) va FCM
(Bezdek et al., 1984). Phat trién tir cac thudt toan ndi
tiéng nay, hang loat cac thudt toan sau do da dugc
dé nghi (Hung et al., 2015; Vo & Nguyen, 2018;
Hung et al., 2021). Khi dit liéu phtc tap hon, chang
han nhu nhiét d¢ dao ddng trong ngay hay khoang
thoi gian mot nguoi dung mot tng dung trong thang.
Luc nay, viéc phan chum can tinh dén toan bo pham
vi gid tri. Khi do, phan tich chum cho dit li€u khoang
da duoc dé xuét (Hung et al., 2016; Chang & Jeng,
2025; Le et al., 2023). O cép do cao hon, khi mot
d6i tuong can biéu thi ca mot phan phdi, thi phan
tich cham cho PDF can dugc thiét 1ap (Chen &
Hung, 2015; Nguyen et al., 2023a).

Ngay nay, dit liéu anh trg thanh mot ngudn thong
tin v cing quan trong, xuat hién & hau hét cac linh
vuc cua khoa hoc va doi séng. Vi su phat trién
manh m¢ ctia cong nghé¢ s6, anh sb dugce tao ra va
lwru trir voi khdi lugng khong 10 tir camera giam sét,
vé tinh, thiét bi y té, dién thoai thong minh dén cac
hé théng mang xa hdi (Vo, 2025). Phan tich chum
cho anh la mét nhanh quan trong cta khai pha dix
liéu va thi giac may tinh. N6 tap trung vao viéc
nhom cac anh c6 ndi dung hodc dic trung tuong
ddng vao cing mot nhom ma khong can nhén dir
liéu ban dau. Ung dung cia phan tich chum trong
anh rat da dang cho nhiéu linh viuc nhu méi truong,
kinh té va y hoc.

Trich xudt ddc trung anh 1a budc quan trong
trong xtr Iy va phan tich anh, nhdm chuyén déi dir
liéu anh tho 6 kich thudc 16n thanh nhimg thong tin
gon nhe nhung giau ¥ nghia, phan anh ban chit cua
d01 tugng trong anh. Cac dic trung nay c6 thé 1a mau
sdc, két cAu, hinh dang hodc cac dac trung hoc sau
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tor mang no-ron (Conze et al., 2025). Sau khi trich
xuét, doi trong anh dugc biéu dién dudi nhiéu dang
khac nhau: ma tran, vector hodc PDF. Nho vy, dit
lidu anh tré nén c6 cau trac hon, d& dang ap dung
cac thuat toan hoc may va phan tich nham phuc vu
cac bai toan nhan dang, phan loai hay phan chum.
Phén tich chum cho PDF, 1in dau tién duoc dé xuét
boi Vo & Pham (2010). Hudng nghién ciru nay sau
d6 nhan dugc sy quan tdm cia nhiéu nha khoa hoc
(Chen & Hung, 2015; Nguyen et al., 2023a). Yéu
diém chung cua cac nghién ciru nay 1 can kinh
nghiém cua ngudi st dung thong qua viéc phai chon
céc tham s trong cac thuat toan. Viéc ap dung phéan
tich chum cho anh tir cac nghién ciru nay ciing con
han ché béi giai doan trich xuét ddc trung cua anh.
Céc nghién ctru hau nhu chi st dung cac phuong
phap thong ké nhu ma tran dong hién mirc xam (Vo
etal., 2023), khong gian mau RGB (Vo, 2025). Viéc
két hop trich xuat dic trung ctia anh tir cac phuong
phap hoc sau va thong ké dé biéu dién thanh PDF
nhu trong nghién ctru nay hau nhu chua duoc quan
tam nhiéu.

Phén tich chum dugc phat trién theo hai hudng
phén tich chum mo va khong mo. Trong phan tich
chum khong md, mdi phan tir chi dwoc xép vao mot
chum duy nhét, trong khi phan tich chum mo mét
phin tr co thé duoc xép vao nhiéu chum véi mot
xac suit nhat dinh. Do d6, viéc phan tich chum mo
duoc xem 1a sy md rong cia phan tich chum khong
mo (Nguyen et al., 2023a; Pham & Vo, 2024). Cac
phuong phap phan tich chum m¢ dé va dang duoc
nghién ciru, phat trién nham giai quyét han ché cua
phan tich chum khoéng mo khi dit lidu c6 tinh chét
chdng 1an hodc khong ranh gidi 16 rang. Phuong
phap phd bién nhat 1a FCM, trong d6 mdi diém dix
liéu duge gan muc d6 thanh vién thude vé ting
chum thay vi chi nim trong mot chum duy nhét.
Diéu nay giup phan anh t6t hon sy mo hd vén c¢6 cua
dir liéu thyc. Phat trién tir FCM danh cho dir liu
diém, mot sb thuat toan phéan tich chum mo cho PDF
dd duoc dé xuat (Pham & Vo, 2024). Trong cic
thuat toan nay, viéc tim xac suét thudc vao chum cua
mdi phan tir dya vao mbi quan hé cua phan tir dai
dién chum, trong do phén tir dai dién chum la mot
PDF duy nhat. Vi s6 lugng PDF trong mdi chum la
khac nhau, nén viéc mdi chum c6 duy nhat 1 PDF
dai dién c6 thé tao ra nhiing moi quan hé¢ mo khong
hop 1y. Nghién ctru nay cai tién viéc tim phan tir dai
dién chum, cin cir vao mirc d6 gan nhau cia cic
phan tir trong mdi chum.
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2. THUAT TOAN TRICH XUAT ANH
THANH HAM MAT PQ XAC SUAT
PAI DIEN

Trong nghién clru nay, phuong phap hoc sau
Resnet50 (Bussa & Boppana, 2025) dugc sir dung
nhu moét bd trich xuét dac trung thay vi khai thac
toan by mang cho nhiém vu phan loai. Cu thé, chi
hai khéi tich chap dau tién, gdm Conv1 va Conv2_x
dugc khai thac. Py dugc xem 1 giai doan nén ting
trong qua trinh hoc biéu dién thi gidc. Convl chu
yéu phat hién cac dic trung co ban cua anh nhu bién,
goc, canh va dudng thang, trong khi Conv2_x tiép
tuc két hop cac tin hiéu nay dé hinh thanh nhiing
mau phirc tap hon, bao gém hoa tiét, két cAu cuc bod
va cac md hinh hinh hoc giau théng tin. Viéc chi
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khai thac dac trung ¢ giai doan sém mang lai hai lgi
ich quan trong sau:

(i) Bao toan mutc dg chi tiet cao cta anh, tranh
su triru tegng hoa qua manh & cac tang sau.

(i) Tao ra biéu dién téng quat, it phu thudc vao
nhén goc ma Resnet50 dugc huan luyén ban dau.

Cac dac trung tir Convl va Conv2_x do d6 dugc
xem nhu biéu dién trung gian giau thong tin, dong
vai tro co s& cho cac budc phan tich va mé hinh hoa
tiép theo.

Qua trinh trich xuat dic trung ctia mot anh thanh
PDF dugc minh hoa bai Hinh 1.
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H1nh 1. S(r do minh hoa trich xuAt mdi dnh thanh 1 PDF dai dién

So do trong Hinh 1 dugc md ta cu thé boi cac
budce trong Thuét toan 1 sau day:

Budéc 1. Tién xir Iy anh:

Gia st I e RW*H>3 13 anh mau cén trich xuét dac
trung. Bé phu hop v6i dau vao ciia mé hinh
Resnet50, anh I dugc resize vé kich thude chuan

I € R224x224x3

Sau d6, anh nay dwoc dua vao md hinh dé tién
hanh trich xuat.

Budre 2. Trich xudt ddc trung tir Resnet-50:

Anh I’ duoc dua qua khéi Stem, dugc minh hoa
nhu sau:
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ConV 7x%7,stride=2,pad=3 BN ReLU
- —

MaxPool 3x3,stride=2

Sau qua trinh nay ta dugc Tensor T, €
R56%56x64 Tensor T; sau d6 di qua khoi conv2_x,
gom 3 bottleneck. Moi bottleneck thyc hién nhu sau:

Conv 1X1 Conv 3x3 Conv 1X1

+ skip connection
> T,

dong thoi gitr nguyén kich thuéc khong gian.
Dau ra cubi clng 1a

56Xx56%X256
T, € R

Budée 3. Gop dac trung toan cuc (Pooling):
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V6imdi kénh ¢ = 1, 2,..., 256, tinh toan Global
Average Pooling (GAP) va Global Max Pooling
(GMP) nhu sau:

56 56

1 )
AP = S35 0, 0, T2

i=1 j=1

GMP, = maxT,(i,j,c).
L

Két hop hai gi tri trén theo cong thirc
Y.= a+ GMP. + GAP.,c =1, ...,256,
ta thu duoc vector dac trung:
Y € ]R256

v6i a € [0;1] biéu dién mirc d6 dong gop cua
vector GMP,. Trong nghién ciru nay, a = 0,1 dugc
chon.

Buéc 4. Chudn héa vector dic trung:

Ap dung chuin héa min-max cho Y theo cong
thirc sau:

. Y, — min ()
= . ,c=1,2,..
max(Y) — min (V)

,256,
nham dua toan bd gia tri vé khoang [0; 1]. Khi
de, Y € [0; 1]2%°.
Buéc 5. Biéu dién dic trung dudi dang PDF:

Xem ¥ nhu mot tdp gdm N = 256 miu ngiu
nhién trong mién [0; 1]. Sr dung phuong phép ham
hat nhan d¢ udc lugng:

256 _
N Z K x =Y,
F0 =356 h )
c=1
v6i K(+) 1a ham hat nhan dwoc chon dang chuén

va h la tham sb tron duwoc xac dinh theo
Nguyentrang et al. (2023).

Nhu vay, sau khi két thac thuat toan nay, cac dac
trung cia moi anh s€ dugc dai dién boi mdt PDF.

3. THUAT TOAN PHAN TiCH CHUM
ANH PE NGHI

Gia st P = {I,, 1, ..., I,} 1a tdp gdm n anh can
phén chum. Khi d6, thuat toan phan tich chum mo
de nghi (Thuét toan 2) gom cac budc sau:

Buéc 1. Trich xudt méi anh thanh PDF dai dién

Ap dung Thuat toan I, dé trich xudt mdi anh
thanh 1 PDF dai dién. Sau budc nay, ta c6 P =
{p1 (), p2 (%), ..., P (x)} 12 tAp gom n PDF can phéan
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chum va €®1a tap cac PDF dai dién cia cac chum
tai vong lap «.
Budre 2. Xdc dinh s6 chim va phan tir dai dién
ban dau:
Xem mdi PDF ban dau 1a mot chum, nghia 1a ta
c6 n chum cling nhu n PDF gdai dién:
O = {¢,©,5,0, ¢, ©)

= {p1(x), p2(%), ..., p(x)}. (1

Bwéc 3. Cap nhdt trong tam chophc”in tir dai dién
chum:

Cap nhat trong tdm ctia chum ¢V, ¢t = 0,1, ...,
trong d6 mai phan tur Ci(t+1) dugc tinh bang cach 1dy
trung binh ¢6 trong s6 cua cac cj(t) tai budce t. Cu thé,
cong thire cap nhat dugc xac dinh nhu sau:

® (6
(t+1) _ Tieawii ¢ .

Ji=12.,n (2
i Z}zzlwi(jf)
trong do
1 g0 (0
—wm - héu d;; < pag(t),
Wi(jt) _ )14/ t 3)
0 néu dl.(j) > pag;(t)
voi
1
— )]
sty 4
"\2/ i<

o= J(Z%)ZK,- (a0-n)" @

Trong (4), chung ta co
®

s dl.(? la khoang céach L, gilta ¢; “va c]-(t), dugc

xac dinh béi

2
di(;) = (fRn[Ci(t) () = Cj(t)(x)]z dx) ’

* 11 1a trung binh mau dugc diéu chinh cta timg
®

iy

* ¢ la dg l¢ch chuan cua tung d6i khoang cach

doi khoang cach d

®
di;’s
* q;;(t) ngudng hoi ty, xac dinh bai

Oll'j(t—l)
1+aij(t—1)wi(;) !

a;;(t) = a;;(0)=1. (5
Budrc 4. Xdc dinh s6 chim va phan tir dai dién
chum:
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Lip lai Bwée 3 cho dén khi diéu kién sau duoc
thoa:

e = ¢l = (feale V) -
1

2 2
c].(t) €3] dx) <e, (6)
v6i € 1a mot s6 duong nho tuy y. Nghién ctru
nay chon € = 0,0001.

Khi (6) thoa man, goi
c* = {C£t+1) € C(t+1)|clgf+1) + C1(£+1)}’

véivm < k,m,k € {1,2, ...,n}.

Mbi ph?ln tr C* 1a mot PDF dai dién cho cac
PDFs ban dau trong tdp P ma chung da hoi tu dén
chinh né khi di€u kién (6) dugc thoa. Khi do, so
chum thich hop cta tdp P chinh 1a so6 phan tir cua
C*, dugc ki hiéu |C*|. Gia st ta co c = |C*|.

Budre 5. Thiét ldp ma trdn phdn vung:

Buwée 5.1. Xay dung ma tran phan ving ban dau:

Véi mdi PDF p; € P, tinh khoang cich dén
tirng phan tir dai dién ciia mdi chum¢;, i=1,2, ...,
c:

(7

Dua vao (7), xy dung cdc ma tran phan vung U
= [ui ]-]an, v6i cac phan tir dugc tinh theo cong thurc

dij = ”Pj =l

sau:

1
2
ZC h
k=1 dij

Bwoc 5.2. Tinh d0 1éch chuén trong mdi chum:

ul-]- =

®)

Véimdi p; € P, (j=1,2,..., n), gén nhan:

y; = arg maxc}{ui}-} ,Jj=12,... (9

i€{1,2,..,

Nhén y; 1a chi s6 chum ma mau j thudc vé manh
nhat.

Khi d6, véi mdi chum i € {1,2, ...,c}, tap cac
PDF thudc cum do la:

Do 1éch chuén cua mat d¢ theo chum thir i duoc
tinh nhu sau:

1 n; _ 2
Siq = \/ni—l Zhl:1(cih,q - Ci,k)

trong do

(10)
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1

— _ ni
Cig = n=1Cinq>

n
g =1,2,..., O 1a chi sb thanh phan cia PDF sau
khi ro1 rac hoa,

Cing 12 gid tri mat do tai vi tri ludi k cta mau
PDF thtr 4 trong chum ;.

Buwoce 5.3. Xay dung dudng bién va ma tran phan
vung tuong ung:

Véi @0 1éch vira tim duogc & Bwoce 5.2, tién hanh
xay dung bién trén va bién dudi cho cac phan tir dai
dién nhu sau:

*(lower)

= + s, ¢

x
- (upper) )

— ~F
i =G S

(11

Céc ma tran phan viing tuong (g cho cic phan
tr dai dién dugc tinh nhu sau:

ytupper) _ 1
ij - (upper)\ 2
d:.
ZC 17}
k=1 d(upper)
kj
(lower) __ 1
ij - g(lower) 2 (12)
c ij
Zk=1<m>
kj
voi
(upper) _ *(upper)
d;; = ”pj -G S’
(lower) __ _ *(lower)
dyj = |lp; - ¢ ”2

Buwdc 5.4 Xay dyng ma tran phan ving t6i uru:

Véimdi PDF pj € P, (j=1,2, ..., n), x4c dinh
gié tri 16n nhét ciia ba ma tran phan ving tai cot :

upper lower
max {max u;;, max ug}, PP max ugj )}.
i i i

Khi d6, ma tran phan vung cudi cung la
* *
ur= [uij ]cxn’
v6i cac phan tir duge xac dinh nhu sau:

u;; néu m; = miax{uij}

(upper) X (upper)
* o . =
u;; = ui]. neu m; miax ul.]. s
(lower) _ ~ _ (lower)
ij neu m; = ml{:lX uij

(13)
vi=1,..,c,¥Vj=1,..,n.
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4. Vi DU MINH HQA THUAT TOAN
PHAN TiCH CHUM ANH

Pé minh hoa cho ca hai thuat toan dé nghi,
nghién ctru sir dung bo dir liéu trai cdy gom 1451
anh véi kich thuée 100 x 100 dugc dinh dang JPG.
Tap dit liéu nay gdm 3 loai trai cay: Apple (473 anh),
Apple Rotten (488 anh) va Lychee (490 anh). Dir
liéu duoc lay mién phi tir website Kaggle tai link:
https://www .kaggle.com/datasets/moltean/fruits.
Mau anh cua 3 loai trai cAy dugc minh hoa béi Hinh

(c) Lychee

(a) Apple

Hinh 2. Miu anh ciia 3 loai trai cay

(b) Apple Rotten

Céc budc cua thuat toan dé nghi trén tap di liéu
nay duogc cu thé nhu sau:

Buoc 1. Ap dung Thuét toan 1, trich Xuét dac
trung cua 1451 anh ta cé cac PDF dai dién cac anh
cua 3 nhom

P ={p1(x), p2(x), ..., Pras1 ()},

ma ching dugc minh hoa bdi Hinh 3.

25

Apple
Apple Rotten
Lychee

Density

0.5

0 " " " " " " " T
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 08 0.9 1
X

(a)

Tdp 62, S6 34 (2026): 80-88

25~
— ol
s /spple Rotten
Lyches

Density

0.5 -

0 0:2 0:4 0:5 O‘B _1
X
Hinh 3. Céac PDF dai dién cho cAc anh trich xuét
tir Thuét toan 1

0

Budrc 2. Tai t = 0, xem mdi PDF 1a mot chum,
khi d6 ta xay dung tap dai dién PDFs ban dau nhu
sau:

eO = {¢,@,6,®, ., c,®)

=P = {p1(x), 02(x), -, P1as1 (X)}.

Budre 3. Tai budc lap tht nhét ¢ = 1, tién hanh
cap nhat trong tdm chum dé c6 tap M. Ta c¢6 cac
ket qua sau

u=0,7353vac = 2,7154.
Ma trén a(0) = [a;;(0)]

1451x1451 Ot Fij =

Khi 6, 4p dung cong thirc (2) ta tinh duge €.
Keét qua cia qua trinh hoi tu nay, dugc minh hoa bdi

Hinh 4.

1
0.95
0.9
0.85
0.8
0.75
o7
0.65
0.6
0.55
os

(b)

Hinh 4. Minh hoa két qua sau lin cip nhat thir nhét: (a) cic PDF dai dién dugc cip nhit sau vong lip
1, (b) ma tran h¢ so dong a thu duwgc twong rng
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(b)
Hinh 5. Qua trinh cap nhit cac PDFs dai (!ién qua cac buée lap: (a)r=2,(b)t=3,(c)r=4
tran hé so dong a thu dugc taiz=4

()

Buéce 4. Trong lan lap dau tién, ta c6 || —
c©®| =0,5247 > €, nén thudt toan chua dimg.
Tiép tuc lap lai Bwéde 3 cho dén lan thir 4, ta thdy

le® —e®]|| =75165%x 10712 < €

thoa mén diéu kién dimg ctia thuat toan. Két qua
cua qua trinh hdi tu nay duogc trinh bay tai Hinh 5.

Sau Budc 4, ta thu dwoc C*gdm 3 PDF dai dién.
Nhu vay, sau Buée 4, 14}51 anh ban dau duoc chia
thanh 3 chum. Day la két qua phan chum ding so
v6i tdp anh ngudn.

Buée 5. Vi mdi PDF p; ; € P, tinh khoang cach
tir mdi phan tir dén ting chum ¢/, i =123 va st
dung cong thirc (8) dé xay dung ma tran phéan ving
ban ddu U= [ui ]-] . Két qua dugc minh hoa béi
Hinh 6
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Hinh 6. Ma trin phin ving ban dau

Tir ma trin phan ving vira tim dugc, mdi PDF
p; dugc gan nhan theo cong thirc (9). Tiép do, cong
thire (10) duoc st dung dé tinh toan do léch chuan
mat d6 cho mdi chum, ta ¢6 3 duong léch chuén miu
cho tirng chum, dugc trinh bay trong Hinh 7.

Dua trén céc gia tri do léch chudn di thu duoc,
tién hanh xac dinh bién trén c*@PPe7) v3 bién dudi
c*tower) cho mdi PDF dai dién c; theo cong thirc
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(©) (d)

, va (d) ma

([1). Cac ph?m tr gai dién sau khi duogc hiéu chinh
bang bién dugc thé hién trong Hinh 8.
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Hinh 7. P léch chuin mit d trong mdi chim

Trong Hinh (a), cac bién cho thiy ving bién
thién cua phan bo quanh gia tri trung tdm, qua do
phan anh muc d6 phan tan dit liéu trong tirng chum.

Trong Hinh (b), khi chiéu cac bién 1én toan bod
tap dit liéu PDFs, ta quan sat dugc mirc do phu hop
cua PDF dai dién véi cac quan sat thuc té. Cac
duong bién tao thanh mot dai bao phii, cung cap ci
nhin tryc quan vé d6 bao quat va kha nang khai quat
hoa ciia phan tir dai dién dbi véi mdi chum.

Diéu nay khang dinh rang viéc sir dung bién trén
va bién dudi khong chi hé tro dinh luong sy phan
tan, ma con dong vai tro quan trong trong vi¢c mod
ta sy da dang cuia dit liéu trong timg chiim, ddng thoi
gitip cap nhat lai ma tran phan ving theo hudng t6i
uu hon.

Tiép theo, bang cach tinh toan ma tran phan ving
tuong Ung cho cac bién trén va bién dudi cla cac
PDF dai dién theo cong thuc (11), ta thu duoc cac
ma trdn U®PPeT) pa y(tower) Sau d6, ap dung cong
thire (13) dé xay dung ma tran phan ving toi wu. Két
qua cudi cung 1a ma tran phan ving U* , biéu thi xac
suét thudc 3 chum cua cac anh dugc mlnh hoa trong
Hinh 9.
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Hinh 8. (a) Cén trén va dwéi ciia 3 PDFs dai dién, (b) Tét ci cic PDFs va PDFs dai dién
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Hinh 9. Xac suit thudc 3 chum ciia cac dnh

Két qua thé hién tai Hinh 9 cho théiy X4c sudt
phén vao chum ding cua cac anh rat cao. Cac xac
suat nay hau nhu déu bang 1.

Vi sé chum ¢ dinh 14 3, cac dic trung anh duoc
trich xuét tir Resnet50 cho tap di liéu duoc xem xet,
nghién ctru ap dung 2 thuét toan phan tich chum n6i
tiéng FCM (Ki hi¢u Resnet50 + FCM) va k-means
(Resnet50 + k-means). Nghién ctru cling thuc hién
hai thuat toan phan tich chim md gan day cho tap
dir liéu anh duoc xem xét khi dac trung cua n6 duge
trich xuat tir phuong phap thong ké truyen thong
bang ma tran dong hién mirc x4m va biéu din thanh
vector biéu dién thanh khoang hai chiéu. So sanh két
qua thyc hién cta cac thudt toan thong qua 2 tham
s6 PC va PE, ta c6 Bang 1.

Két qua tir Bang 1 cho théy, khi st dung dac
trung ctia anh dugc trich xuét tir phuong phéap hoc
sdu Resnet50 (Thuit toan Resnet5S0 + FCM va
Resnet50 + k-means) thi két qua phan tich chum s&
tdt hon cac thudt toan str dung dir liéu déau vao trich
xudt tir cac phuong phap thong ké (Vo & Nguyen,
2018; Nguyen et al., 2024) vi gia tri PC 16n hon va
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PE nho6 hon. Véi cung dir liéu ddu vao dic trung
dugc trich xudt tir Resnet50, thuat toan dé nghi da
cho gia tri PC 16n nhét va PE nho nhit. Nhu véy,
thuat toan dé nghi da cho két qua phan tich chum t6t
nhat véi tap dir liéu nay.

Bang 1. Chi s6 danh gia cac thuit toan xiy dung

chum
Thuét toan PC PE
Dé nghi 0,9305 0,16250
Resnet50 + FCM 0,9298 0,16251
Resnet50 + k-means 0,9303 0,16223
Vovan and Nguyentrang (2018) 0,8971 0,2543
Nguyen et al. (2024) 0,9016 0,2108

5. KET LUAN

Hai thuat toan dé phan tich chum dwoc dé xuét
nham hudng t6i dit liéu anh. Thuat toan 1 gdm cac
budc dé trich xuat ddc trung cua mdi anh thanh 1
PDF dai dién dya vao phuong phap Resnet50, thong
qua qua trinh GAP, GMP va phuong phap ham hat
nhan trong u6c lugng PDF. Két qua ciia Thuat toan
1 dugc su dung lam dir liéu dau vao cho Thuét toan
2 @é xay dung chim cho anh. Trong thuat toan 2, s6
chum thich hop, nhing phén tir trong mdi chim va
xac suat thugc vao chim ctia mdi phan tir duge cing
lac thuc hién. Két hop Thuat toan 1 va Thuét toan 2,
¢6 mot phuong phap dé phan tich chum hiéu qua cho
anh. Thuat toan dé nghi c6 thé thyc hién dé dang cho
tap anh thuc boi mot chuong trinh Matlab duoc thiét
1ap. Qua mét tap anh cu thé, thuat toan dé nghi da
cho két qua hop 1y va vuot qua céc thuat toan phan
tich chum phd bién khic duya vao cac tham s
danh gia.
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