Tap chi Khoa hoc Pai hoc Cén Tho

Tép 60, S6 chuyén dé: Khoa hoc tu nhién (Todn-Ly) (2024): 98-107

Tap chi Khoa hoc Dai hoc Can Tho

ISSN 1859-2333 | e-ISSN 2815-5599

DOI:10.22144/ctujos.2024.320

THUAT TOAN XAY DUNG CHUM ANH DUA TREN CAC PIXEL MAU PUQC

TRICH XUAT

Truong Minh Lugng, Nguyén Kim Ngan, Trin Nam Hung, Nguyén Hong Chi, Phan Nhu Huynh

\ ~ - N oK
va Vo Van Tai

Khoa Khoa hoc Tw nhién, Truwong Dai hoc Can Tho
*Tac gia lién hé (Corresponding author): viai@ctu.edu.vn

Thong tin chung (Article Information)

Nhdn bai (Received): 03/04/2024
Stea bai (Revised): 31/05/2024
Duyét dang (Accepted): 03/07/2024

Title: The clustering algorithm for
images based on extracted color pixels

Author(s): Truong Minh Luong, Nguyen
Kim Ngan, Tran Nam Hung, Nguyen
Hong Chi, Phan Nhu Huynh and Vo
Van Tai"

Affiliation(s): Can Tho University

TOM TAT

Trong nhiéu linh vue, viéc phan chia hinh anh thanh cdc chiim c6
thé givip ching ta phan loai, nhdn dang cdc doi twong trong anh
ciing nhi phat hién dwgc nhiing Yéu 6 bdt thwong. Nghién ciru nay
dé xudt mot thudt toan phan tich chum cho anh dya vao ham mdt
¢ xdc sudt (PDF) duwoc wéc lwong tir dac trung trich xudt. Pau
tién, ta dwa mot anh bat ky vé 4 mau co ban (do, xanh luc, xanh
lam, xdm) dé trich xudt ddc trung pixel tai moz diém anh. Tiép theo,
cac PDF dai dién cho ddc trung trich xudt sé dwoc wéc luong aé
dai dién cho anh trong nhdn dang. Cudi cung, mot thudt toan phdn
tich chism mo cho cdac PDF duoc dé xuat. Thudt todn dé nghi dwoc
trinh bay timg budc va dugc dp dung trén nhiing tap anh cy thé.
Cdc két qua sé cho thay thudt todn dé nghi hiéu qua va, on dinh, ¢6
thé iing dung cho nhiéu linh viee khdc nhau ciia thuec té.

Tir khod: Ham mdt dg xdc sudt, khodng cdch, phan tich chim, trich
xuat anh

ABSTRACT

In many fields, dividing images into clusters can help us classify,
identify objects in the images, and detect anomalies. This study
proposes a clustering analysis algorithm for images based on the
probability density function (PDF) estimated from extracted
features. First, any image is converted into four basic colors (red,
green, blue, and gray) to extract pixel features at each point. Next,
the PDFs representing the extracted features will be estimated to
represent the image in recognition. Finally, a fuzzy clustering
algorithm for the PDFs is proposed. The algorithm is presented
step by step and applied to specific image sets. Numerical results
showed that the proposed algorithm is effective and stable,
applicable to various fields of reality.

Keywords: Clustering, distance, extracting images, probability
density function

1. GIOI THIEU

Phan tich chum 1a qua trinh phéan chia dit liu
thanh cac nhom, goi 1a "chum" dya trén cac dac

diém cua dir lidu. Khi d6, nhitng phan tir trong cting
mdt chum cé su tuong tu nhiéu hon so véi nhiing
phan tr thudc cac chum khéac (Strehl & Ghosh,
2002; Chen et al. 2018). Trong thdi dai bung nd
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thong tin hién nay, m01 ngdy chung ta déu phai luu
trir va trich xudt mot so lwong dit lidu khong 15, do
d6 phan tich chim can phai dugc thyc hién. Ciing
chinh vi thé ma phan tich chum tré thanh mot huéng
phat trién quan trong cua thong ké va khoa hoc dir
liéu ngay nay (Wu et al., 2013, Nguyen-Trang et al.,
2023a).

Déi tugng phan tich chim c6 thé dugc chia
thanh hai nhom: dit liéu s6 va dit liéu anh. Phén tich
chum cho dit liéu sb da dugc dé xuit du tién va
duoc &p dung rong rai ngay nay (Hung & Yang,
2015; Rao & Liu, 2020; Vo-Van & Nguyen-Trang,
2023b). Véi sy phat trién manh mé cia cac thiét bi
ghi hinh, dit liéu anh ngay cang tré nén phd bién.
Anh d3 tro thanh dit liéu dau vao khong thé thiéu
cho nhiéu cai tién cong nghé¢, dac biét lién quan dén
tri tu€ nhan tao va tu dong hoa. Theo do, viéc phan
chia anh thanh cac chim c6 y nghia thuc tién trong
nhiéu linh vuc khac nhau. Trong linh vuc y hoc,
phan chia chum anh doéng vai trd quan trong trong
viéc phat hién cac bat thuong trong hinh anh dugc
chup tir cac thiét bi y té nhu may siéu am, may MRI
va CT scanner. Bén canh do, trong cac tmg dung vé
quan 1y va an ninh, viéc phan chum hinh anh c6 thé
gitip phat hién va nhan dang d6i trong hodc hoat
dong dang chu y tr cac hinh anh giam sat. Ngoai ra,
viéc phan chia anh tir vé tinh c6 thé dwoc sir dung dé
theo doi, quan ly tai nguyén tu nhién nhu rung va
d4t, nham danh gia sy thay doi cia rimg, phan biét
giita cac loai dat, hay theo ddi mirc d6 6 nhiém moi
truong, phan tich mat do dan so, két ciu do thi, va
cac yéu té khac.

So voi dit lidu sb, phéan tich chum cho anh ¢6 sy
phtre tap hon kha nhiéu. Trich xuét anh 1a budc dau
tién dé thuc hién qua trinh phén tich chum. Thong
thuong, anh s€ duoc trich xuét thong qua mau séc,
két cau va hinh dang (Nguyen-Trang et al., 2023b).
Chung ta khong thé khang dinh st dung dic trung
nao dé trich xudt anh 1a tot nhat cho tit ca trudng
hop bai vi né phu thude vao tap anh va muc dich
nhan dang. Khi dic trung cta anh dugc trich xuat,
ching phai dugc biéu dién thanh mot dbi tuong nao
d6 dé nhan dién. Trong da sb cac nghién cuu, ddi
tugng nhan dién anh 1a ma tran dac trung (Izakian et
al., 2016; Qi et al., 2016; Rao & Liu, 2020). Nhan
dang anh tir ma tran dac trung lam cho bai toan phan
tich chum t6n nhiéu thoi gian dé thuc hién va khong
hiéu qua cho nhiéu trudng hop (Xu et al., 2015,
Wang et al., 2020). Nhéan dang anh tur cic vector
hodc khoang nhiéu chiéu tr dic trung duogc trich
xuét 12 mot su cai tién dang ké so v&i ma tran sd.
Nhitng thuat toan phan tich chum theo huéng nay da
cai tién dugce tde do tinh toan va hiéu qua trong mot
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s6 truong hop. Tuy nhién két qua khéng hitu ich cho
moi truong hop (Montanari & Calo, 2013; Zhu et
al., 2021). Nhan dang anh tr ham mat d¢ xac suét
(PDF) dai dién cho dac trung dugc trich xuét 1a mot
su dot pha, mang dén nhiéu loi ich cho bai toan phan
tich chum. Do d6, hudng nghién ciru nay dwoc sy
quan tim ctia nhidu nha thong ké trong thoi gian gan
day (Hung & Yang, 2015; Chen and Hung, 2021;
Nguyen-Trang et al., 2023b).

Phuong phép phén tich chum dya trén ham mat
d6 xéc suat 1a mot trong nhiing cach tiép can dé phan
chia anh thanh cac nhém c6 y nghia. Bang cach xac
dinh cac diém dir liéu c6 mat do cao trong khong
gian dic trung cia anh, chung ta c6 thé nhan ra cac
ving c6 sy trong dong va phan chia ching thanh
cac nhom riéng biét. Trong qua trinh nay, ham mat
do xac suét duge st dung dé do lvong mtrc d6 "tap
trung" cua cac diém dit liéu trong khong gian. Céc
vung c¢6 mat do cao hon duoc coi 1a cac ving quan
trong va co thé twong tmg véi cac ddi twong hodc
cau tric quan trong trong anh. Bing cach phan chia
anh dua trén cac diém dix liéu c6 mat do cao, ching
ta c6 thé xac dinh cac ving ¢6 ¥ nghia trong anh va
nhoém chung lai voi nhau (Vo-Van & Nguyen-
Trang, 2018).

Tuy nhién, tit ca cac nghién ctru v& phan tich
chum anh dva trén PDF dai dién da liét ké ¢ trén déu
chi dua vao mot PDF ma thong thuong 1a PDF dai
dién cho mau xam. Viéc chi dua vao mot mau dé
trich xut dic trung c6 thé khong phan biét duoc su
khac biét cta cac anh. Chung ta biét raing mot mau
nao d6 trong thuc té 1a su két hop chu yéu cua 3 mau
co ban RGB (do: Red (R), xanh lyc: Green (G), xanh
da troi: Blue (B)). Do d6, néu trich xuat dic trung
clia anh cung lic tir cac mau nay c6 thé cai thién qua
trinh nhan dang, tir d6 nang cao hi¢u qua trong xay
dung chum. Nghién ctru nay khao sat hi¢u qua cua
thuat toan phén tich chum anh dya trén déc trung
dugc trich xuét tir nhitng khong gian mau khac nhau
va biéu dién cac dic trung nay thanh cac PDF dai
dién.

2. CAC VAN PE LIEN QUAN PEN

THUAT TOAN DPE NGHI

2.1. Uéc lwgng ham mat dd xac suit

C6 nhiéu phuong phép dé udc luong PDF tur dix
liéu roi rac, bao gom phuong phap tham s6 va phi
tham sd. Trong hai phwong phép trén, phi tham s
dugc xem c6 nhiéu wu diém hon vi khong doi hoi
diéu kién cua dir liéu (Bowman & Azzalini, 1997).
Trong cac phuong phap phi tham sé, ham hat nhan
duoc xem la mot phuong phap hiéu qua, dugc su
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dung phd bién nhat hién nay (Nguyen-Trang et al.,
2023a). Phuong phép nay rat linh hoat va manh mé
trong viéc xur ly dir liéu khong ddng nhat va phtrc
tap. V& co ban, phuong phap nay hoat dong bang
cach tao ra ham hat nhan cho timg bién, sau d6 két
hop nhiéu ham hat nhan dé udc lugng PDF cho toan
bo tap dit liéu nhiéu chiéu. Gia st ta c6 dir liéu roi
rac d-chiéu, khi d6 PDF dwoc udc luong theo
phuong phap ham hat nhéan c6 dang:

M=y h1h2 hdan(

i=1 j=

trong do

N 1asb phfm tr cta dir liéuy,

d 1a s6 chiéu,

h; 1a tham s tron cua bién thire j,

xjlabiéntherj,j = 1,2,..,d,

x;; 1a dir lidu ther i coa bién tht j,i = 1,2, ..., N,

K;(-) la ham hat nhan cta bién thtr j. Ham hat
nhan phai théa man hai diéu kién K;(x) =0 va
JKi(x)dx = 1.

Mot s& ham hat nhan phé bién bao g@)m ham tam
giac, chir nhat, Epanechnikov, song lugong va chuén
tdc. Hién tai, chua c6 ham hat nhan nao duoc xem la
t8i uu cho tat ca cac loai dix liéu. Hau hét cac nghién
ctru hién tai str dyng ham hat nhan dang chuén:

KGO = — ( "2)
X Nz exp > )

Ngoai ra, viéc chon tham s6 tron cling 1a mot
van d¢é trong qué trinh u6c lwong PDF. Khi tham s6
tron h nho thi PDF udc luong s€ kém tron. Ngugc
lai, khi h cang 16n thi tinh tron ctia PDF s¢ tang 1én,
nhung s€ kém chinh xac trong udc luong. Cac nha
toan hoc khéng dinh viéc chon tham sé tron quan
trong hon vié¢c chon ham hat nhan. Nghién ctru nay
st dung ham hat nhan dang chuin va tham sb tron
theo Bowman & Azzalini (1997). Cu thé tham s
tron cta bién thir j dwoc tinh nhu sau:

1

hy = (ﬁ)m

trong do6 N la $6 phfm tt cia dit lidu, d 1a sb chidu
va o la d6 Iéch chuén cua bien thur j.

X aj,
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2.2. Ham mit d§ xac suat dai dién chum

Cho F = {£; (%), f5(%), .., fu(x)} 12 tdp hop céc
PDF v6in = 2. Cac PDF can duoc xép vao k chum
¢ ={C,Cy,...,C},k = 2. Haim dai dién cta moi
chum dugc xac dinh boi cong thuc:

n
X Z(‘U,U)Zf},l = 1,2, ...,k,

j=1

f 1
v o, 2
i (i)
trong d6 11;; 1 xac suat & ham mat do f; xép vao
chum C;. Khi d6, ta nhan thidy ham dai dién cua
nhom f,, khong dm va f]Rd fv;(x) dx = 1. Do do,
ham dai dién ctia mot nhom cling la mét PDF.
2.3. Do do danh gia su twong tw ciia hai ham
mat d§ xac suat

Trong khong gian xac suat (Q, F,P), voi Q 1a
khong gian miu, ho F céc tap con do dugc cua o-
dai s6 trong Q va ham xéc sudt P: F — [0; 1] gdm
hai PDF f va g. Khi d0, ta c6 cac khoang cach sau:

Khodng céch £

If, gl = fR Fonax ) dx - jR Fin®) dx

=2 (fwfmax(x) dx — 1) .

Khoéang céach Divergence:

() —g(0)?
Pouc 10 =2 T g0
Khoéang cach Kullback-Leibler:

dx.

Dyer (f | g)—f £(x).In (;E ;)d

Khoang céch Jensen-Shannon:
1 1
Dis(fllg) = EDKL(f Il k) +§DKL(9 Il h),

1
s+ 9.
Khoéang cach Bhattacharyya:

trong do h =

Dy(f, 9) = fRn[f(x)g(x)]% dx.

Céc khoang cach trén duoc sir dung dé danh gia
su twong tu cia hai PDF. Khi khoang cach cang nho
thi sy twong ty cia chung cang 16n va nguoc lai,
khoang cach cang 16n thi sy twong tu cua ching
cang nho. Co nhiéu nghién ctru viéc chon khoang
cach t6i wu cho bai toan nhan dang thong ké. Tuy
nhién, chua c6 khoang cach nao dugc xem la tdt nhat
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cho moi truong hop. Nghién ciu nay su dung
khodng cach £ @€ xay dung thuét todn phan loai.
2.4. Vian d@ trich xuit hinh dnh

Trong linh vyc thi gidc may tinh, c6 ba yéu t6
chinh dé phan biét va nhin dang mot hinh anh.
Chung 1a mau séc, két cau va hinh dang. Trong sb
d6, trich xuat dic trung mau sdc cta hinh anh duoc
xem 12 phd bién, thu hut nhidu sy quan tim tir cong
ddng nghién ctru (Nguyen-Trang et al., 2023b).

Vé mau sic, ching ta co nhidu thang do khac
nhau, trong d6 RGB (R: red; G: Green; B: Blue)
dugc xem 14 phd bién nhit hién nay. Mdi mau c6 gia
tri trong khoang [0; 255] va mot mau thyc té ma
ching ta quan sat duoc 1a sy két hop cua ba mau
trén. Nhu vay thuc té chung ta c6 256 x 256 X
256 = 16777216 mau khac nhau. Anh xdm (Gr)
cling 1a mét sy Kkét hop cta ba anh mau RGB.

Piém anh 1a don vi co ban cua mot hinh anh sd.
MJi diém anh dai dién cho mot diém cu thé trén bé
mét hinh anh va chtra thong tin vé& mau sic va do
sang tai diém d6. Trong hinh anh sb, diém anh
thuong dugc biéu dién bang cac pixel. Mdi pixel c6
thé chira thong tin vé mau sic theo cac kénh mau
(dnh méau) hodc d6 sang (anh tring den). Mot dnh co
pixel cang 16n thi chat lugng anh cang tdt.

Trong nghién curu nay, dac trung pixel dugc su
dung dé nhan dang cho anh va PDF uéc lugng tur
pixel trich xuét dugc str dung lam phﬁn tr dai dién.
Cu thé, thuat toan trich xuét dic trung cua anh duogc
d@é nghi nhu sau:

1,00 1,00 1,00 1,00
) 1,00 0,83 0,78 1,00
—11,00 0,72 0,85 1,00
1,00 1,00 1,00 1,00
1,00 0,02 i ‘ B
0,76 0,87 10}
2)| 3| 4 (
3| 0ge| 2| 005| 4 /\
: : | 1
1'00 0’91 ?D_i IJ; Di_j Lw‘ Ts

Hinh 1. Minh hoa cac buéc trich xuit mdt hinh
anh thanh PDF

Thuat toan 1:

Bude 1. Chuyén mdi anh vé anh R, G, B va Gr.

Bude 2. Trich xuét pixel cho mdi anh tir Buéc 1
deé c6 ma tran diém anh cho moi trudng hop.

Buée 3. Chuyén ma tran diém anh cua mdi
truong hop thanh vector cot.
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_ Budc 4. Ube lugng PDF cho mdi truong hop
bang phuong phép ham hat nhan.

Nhu véy sau thudt toan nay, mdi anh co6 thé duogc
nhan dién bdi 4 PDF. Hinh 1 minh hoa cho cac budce
cua Thuat toan 1 d¢ nghi.

2.5. Tiéu chuin danh gia chét lwgng ciia mot

thuét toan phan tich chum

Khi c6 nhiéu phuong phap phan tich chum trén
cung mot tap dir li€u, ching ta can phai c6 su lua
chon. Trong nghién ciru nay, chi s6 hang diéu chinh
(ARI:Adjusted Rand Index) duoc sir dung. Day la
tiéu chuan dugc xem phé bién nhat hién nay duoc
str dung trong danh gia chat luong cua thuat toan xay
dung chum (Rand, 1971).

Goi P 1a két qua phan ving thuc té dua trén cac
nhan da c6 san, va Q 1a két qua phan vung cta thuat
toan, chi s ARI dugc tinh béi cong thuec:

a—(a+c)(a+b)/(a+b+c+d)

AR[:((a+c)+(a+b))/2—(a+c)(a+b)/(a+b+c+d)

Trong cong thirc trén, a 1a sb cac cip phan tir
duoc xép vao cung mot chum ¢ ca P va Q, b 1a $6
céc cap phan tir thudc cting mot chim trong P nhung
thudc vao hai chum khac nhau trong Q, c la s6 cac
cap phan tir thudc hai chum khac nhau trong P
nhung thudc vao ciing mot chum trong Q, va d 1a sd
céc cap phan tir thude vao hai chum khac nhau trong
ca P 1an Q.

Chi s6 ARI c6 gié tri thude [0,1]. Néu gia trj cua
né cang lon thi thuat toan phan tich chum cang tot.
Néu gia tri ARI = 1 thi két qua xay chum la t6i uu.

3. THUAT TOAN PE NGHI

Cho N anh {I3, I, ..., Iy}, khi d6 thuét toan phén
tich chum mo cho cac anh gdm cac budc sau:

Thuat toan 2:

Buée 1. Ap dung Thuét todn 1, tim 4 PDF
{910 920 G3i» 9ai} dai dién cho dic trung duoc trich
xutcua anhl;, i =1,2,..,N.

Buéce 2. Dat fi = gy + goi + gai + Gair i =
1,2, ..., N. Khoi tao cac phan tr dai dién ctia chum
tai vong lap t = 0.

_ (,(0) (0 0
v fo fa} = { 1( ), 2( ), ,fl\g )} = fO,
Buwée 3. Cap nhat cac PDF dai dién theo cong

thirc sau:
S ka(70.0).r (0
Z?’:l Ka(fi(t):fj(t))

fi(t+1)= 1<i<N

) — — ’

o
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trong do

K (f(f) f(t)) _
o (L w1, <
A

4 ®) (@)
N R

fiq W _ 2 ® £@®
void = wy = s gl -
Buéc 4. Lap lai Budc 3 cho dén khi

max||“*Y, £, <.

i Squ mdi vong lap, cac PDF fi(Hl) s€ tu cap nhat
gan ve cac PDF dai dién cua nd theo cong thue (1).
Khi Buédc 4 dung, néu ta c6 bao nhiéu PDF dai dién
thi tdp anh da cho s€ dugc chia thanh béy nhiéu
chum.

Buoce 5. Gia st sau Budc 4 ta ¢6 dugce k chum,
khi ma trdn phan ving ban dau U©® = [ug.))]kx,\,
dugc thiét 1ap, trong d6 cac phan tir cia ma trin nay
duoc tinh theo cong thirc:

© _ {1 néu f; € C;

<j<
ij oneuf]eEC SklsjsN.

Bwéc 6. Tim phén tr dai dién f,,, cia chum va
tinh do rong chum gitra m&i ham fo; va cac ham mét
dg fj, trong do

(WD) fi

(0))
(15

Buéc 7. Cap nhat ma tran phan ving my UM
theo cong thirc:

fvi
N
j=1

1

o néuf > 0

wy =35k (I fmll I fon )

guoc lai,
trongdol1<i<k1<j<N.
Buée
max{ |}
dicu kién dung sau duogc thoa méan:

[uED —v®O| < e.

8. Tinh gi4 lv® —v©] =
yl i |} Lap lai Buée 7 ¢1an cho dén khi

tri

Khi thuat toan két thuc ta nhan duoc ma tran
U® = [u ]xw chinh 1a xac sudt dé xép anh thir j

vao chumtht i,j =1,2,...,N; i =1,2,..., k.
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Trong Budc 4 va Budc 8, € do su khac biét gia
tri clia hai vong 1dp mot cach c6 y nghia. Nghién ciru
nay chon € = 0,0001 trong vi du s0 va cac ap dung.

4. Vi DU MINH HQA

Phan nay sir dung 3 anh trung roi xanh (C)),
2 anh tring gidy (C») va 2 anh ki sinh tring sot
rét (Cs) dé minh hoa cac budc ctua Thuat toan
2. Nhiing loai trang nay déu c6 vai tro quan
trong trong h¢ sinh thai va strc khoe con nguoi,
tir viéc 1a ngudn thirc n cho céc sinh vat khac
dén gdy bénh va tac dong dén su phat trién cla
cac quan thé sinh vat. Anh mau cta ba nhom
sinh vt trén duoc thé hién ¢ Hinh 2.

Hinh 2. Hinh dnh minh hoa ba nhém sinh vt ki
sinh trung sot rét, trung giay va trung roi xanh

Cac budc cua thuat toan duogc thuc hién nhu sau:

Bude 1: Pua mdi anh vé bon mau co ban (xem
Hinh 3).

Hinh 3. Pua d4nh C1 vé bén mau co ban

Trich xuat dic trung timg mau va udc lugng cic
PDF g1;, 92i» G3i» Gair 1 < i < 7 tuong tmg véi bon
mau cho mdi hinh anh. Trong d6 {g1;, 9»i, 3i» Jair
i =1,2,3} la cac PDF dai dién cho Ci, {g1i, 92:,
J3i» 9ai, i = 4,5} 1a cac PDF dai dién cho C,
{ 91> 92i» 93i»9airi = 6,7} 1a cac PDF dai dién cho
Cs. Hinh 4 thé hién 7 PDF duoc trich xuat tir mdi
mau.

Bude 2: Khoi tao cac ph?m tr dai dién cia chum
tai vong lip t = 0 bang cach lay tong bon PDF
tuong (mg voi bén mau.
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— 0 0 0
fufor o fa} = { O £O £ )} = (O,
Do thi cac PDF cho boi Hinh 5.

(a) Dit liéu anh Red (b) Dit li¢u anh Green

(c) Dt liéu anh Blue (d) Dit li¢u anh Gray
Hinh 4. PDF twong trng véi bén mau

80

70

60

50

40

30

20

Hinh 5. Cac PDF tai vong lip t = 0

Buoc 3: Cap nhéat cac PDF dai dién, Kkét qua thuc
hién ctia budc nay dugc mo ta trong Hinh 6.

(a) Vong lap 1 (b) Vong lap 4

(c) Vong lap 7 (d) Vong lap 11
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Hinh 6. Sw hdi tu cia 7 PDF vao 3 PDF dai dién

Bude 4: Sau 11 vong lap, Bude 3 dimg. Két qua
mo ta cac PDF trong 11 vong 1ap cua thuat toan dugc
biéu dién trong Hinh 6. Trong vong lip cudi cing, 7
PDF (cac duong mau xanh) hdi tu vao 3 PDF dai
dién (cac duong mau do). Do @6, 7 PDF dugc chia
thanh 3 chum:

G ={fufofs} G ={fu s} Cs = {fs f7}
) Két qua phén tich chum nay ding nhu dir liéu
goc ban dau.
Bude 5: Tu két qua cua Buéc 4, thuat toan thiét
14p ma tran phan vung ban dau nhu sau:

11 0
0 0 0
U(o>=[ﬂg_’)]= L |
00 1

Buéce 6, 7, 8: Tim phan tir dai dién ciia chum va
cap nhat ma tran phan ving mo dén khi thoa man
diéu kién dimg. Khi d6 ta s& co xac sut thudc mdi
chum cua 7 PDF duoc trinh bay chi tiét trong Bang
1 va minh hoa béi Hinh 7.

Bang 1. Mdi quan h¢ mé giira 7 PDF va 3 chum

f G G Cs
fi 09630  0,0133 0,0237
fo 0,8982  0,0432 0,0586
fs 09494  0,0206  0,0300
fa 00287 09288  0,0425
fs 00239 09440  0,0321
fo 0,0930  0,0832 0,8238
fr 0,0838  0,0832 0,8331
" oustort oueterz | " oksters |

Hinh 7. X4c suit thudc vao 3 chum cia 7 PDF
Chi s6 danh gi4 chét lugng ctia két qua phén tich
chum doi v6i 4 mau Gr, R, G, Bla ARI = 1.
Thuc hién phan tich chum tuong ty cho 2 mau
va 3 mau, ta c6 Bang 2.

Bang 2 cho thdy viéc sir dung cac dic trung
tr cac thang mau (Gr, R), (Gr, G), R, G) va
(Gr, R, G) khong cho két qua phan tich chum
tot, tat ca cac truong hop con lai déu cho két
qué toi wu v6i ARI déu bang 1.
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Biang 2. Bang tong hop chi s6 ARI trong phan
tich chum cho 7 anh

Mau ARI
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R,G,B 1,0
Gr, R, G, B 1:0

5. UNG DUNG
5.1. Ap dung cho dit liéu anh hat ca phé

Dé minh hoa cho thuat toan dé nghi, ta thuc hién
phan tich chum cho hai loai hat ca phé Arabica va
Robusta. Trén thé giéi ciing nhu tai Viét Nam,
Arabica va Robusta 1a hai trong céc loai hat ca phé
dugc trong phd bién nhat. Hai loai hat ca phé nay
cling kho phan biét bang mat thuong dbi voi nhiing
nguoi khong phai chuyén gia. Thuat toan dugce thuc
hién trén tap di liéu Robusta or Arabica gém 112
anh v&i 82 anh hat ca phé Arabica va 30 hat anh ca
phé Robusta dwoc lay mién phi tir website
universe.roboflow.com. Mau anh cta hai nhém
duoc cho bai Hinh 8.

(a) Ca phé Arabica (b) Ca phé Robusta
Hinh 8. Hinh dnh minh hoa hai loai hat ca phé

Trich xudt mdi anh thanh 4 PDF dya trén 4
khong gian mau co ban va phuong phap udc lugng
ham hat nhén, ta ¢6 Hinh 9.

Tdp 60, S6 chuyén dé: Khoa hoc tir nhién (Todn-Ly) (2024): 98-107

J—e

I

(c)cac PDF tranh B (d) cac PDF tur anh Gr
Hinh 9. PDF cho toan b dir liéu anh RGBGr

Str dung ham dai dién tir 4 PDF cho mdi anh va
tim ham dai dién cho hai nhom, ta nhan dugc Hinh
10.

————— Input PDF
18 Output PDF

|

Hinh 10. Minh hoa hai PDF dai dién

Sau 6 vong lap, thuat toan dung, khi do ta c6 hai
chum nhu tap dir liéu anh goc ban dau va xac suat
thudc vao hai chum cua cac anh duoc cho boi Hinh
11.

Probability
o
o o -
| J

0 20 40 60 80 100
Cluster 1

0 20 40 60 80 100
Cluster 2

Probability
=)
=8

=]

Hinh 11. Xdc suét thudc vao hai chim ciia
112 anh hat ca phé

Hinh 11 mét 1an nita cho thiy kha niang phén tich
chum hgp 1y ctuia cac anh khi xac suat thugc vao
chum dung cua cac anh déu cao.

Thuc hién phan tich chum cho truong hop trich
xuat dac trung tir 1 mau, 2 mau, 3 mau va 4 mau va
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tinh chi s6 ARI cho céc treong hop, ta nhan duoc

Bang 3.

Bang 3. Chi s6 ARI trong cac trwdng hop cho tip

dir liéu anh ca phé

Mau ARI
Gr 0,9625
R 0,9625
G 1,0
B 1,0
Gr,R 0,9625
Gr,G 1,0
Gr, B 1,0
R, G 0,9625
R, B 1,0
G,B 1,0
Gr,R,G 0,9625
Gr,R, B 1,0
Gr,G, B 1,0
R,G,B 1,0
Gr,R, G, B 1,0

Tir Bang 3, ta thdy két qua phan loai dit liéu anh
ca phé ctia cac phuong phap déu réat tot vi gid tri ARI
clia n6 bang 0,9625 hodc bang 1, trong d6 truong
hop sir dung bon mau Gr, R, G, B vin cho két qua
6n dinh t6i wu véi gia tri ARI = 1.

5.2. Ap dung cho tip anh bénh diu mua khi,

thiy dau va soéi

B0 dit liéu duoc trich loc gém 60 hinh anh thugc
cac nhom bénh vé da gdm 30 anh d4au mua khi (C)),
20 anh thiy dau (C») va 10 anh bénh Séi (Cs) tir cac
tap dir liéu Monkeypox, Chickenpox, Measles dugc
14y mién phi tir website universe.roboflow.com. Tat
ca cac hinh anh déu c6 kich thudc 128 x 128 pixels
va ¢ dinh dang kiéu file jpg. Anh mau cta ba nhom
bénh dugc thé hién & Hinh 12.

C] CZ

Hinh 12. Hinh dnh minh hoa ba loai bénh dau
mua khi, thiy dau va bénh séi

Sau 8 vong lap, thuat toan dimg. Khi d6 ta c6 két
qua phan tich chum giéng nhu dir liéu gbc ban dau
va xac suét thudc vao chum cua mdi anh duoc cho
bdi Hinh 14.
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Ba loai bénh Pau mua khi, Thuy dau, Soi déu 1a
cac bénh truyén nhidm phd bién gay ra boi cac loai
virus khéc nhau. Cac nhom bénh nay cé thé gy ra
cac tri¢u chiing da dang, bao gém su xuét hién cua
mun do trén. Ching c6 thé xut hién & nhidu phan
khac nhau cta co thé va thudng di kém véi cac triéu
ching khac nhu s6t, dau ddu va mét moi. Vé mit
hinh anh biéu hién bén ngoai, ngudi dan ciing c6 thé
nham 14n 3 bénh nay nén ciing can thyc hién bai toan
phén tich chum.

Tién hanh trich xuét tap anh thanh cac PDF d6i
v6i anh G, R, B va Gr, ta ¢6 Hinh 13.

(a) PDF duoc trich xuat va dai dién cua 3
nhom tir anh R

(b)  PDF duoc trich xuat va dai dién cua 3
nhom tir anh G

(c) PDF duogc trich xuat va dai dién coa 3
nhém tir anh B

(d) PDF duogc trich xuat va dai dién coa 3
nhom tir anh Gr
Hinh 13. PDF dai dién cho cic dnh va dai di¢n
ciia moi chum dwoc trich xuat tir caic mau
RGBGr
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Hinh 14. XAc suét thudc vao 3 chim ciia 60 4nh

Hinh 14 ciing cho thay két qua phén tich chum
kha tot khi xac suat cua anh thudc vao chum dung
deu cao.

Tinh chi s6 ARI cia cac két qua phan tich chum
trong cac truong hgp khac nhau cta khong gian
mau, ta nhan dugc Bang 4.

Béng 4 cho thay khi sir dung dic trung trich xuat
tr mot mau Gr, R, hodc 2 mau (Gr, G), (Gr, B), (R,
G), (G, B), hoac 3 mau (Gr, R, G), (Gr,g, B), hodc
ca 4 mau s€ cho két qua phan tich chum t6i wu vi chi
s ARI c6 gia tri bang 1.

Tu vi du minh hoa va hai ing dung trén, chung
ta cling théy réng viéc str dung 1 mau, hodc 2 mau
hodc 3 mau ching ta ciing c6 thé nhan dugc két qua
phan tich chum t6t, nhung khong 6n dinh. Viéc sir
dung cung luc dic trung trich xuat tir 4 mau co6 thé
mang lai két qua phén tich chum 6n dinh hon.
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