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TOM TAT

Nghién ciru nay d@é xudt mét thudt todn phan loai cho cdc ham mdt
do xac sudt (PDF) dé tir d6 dp dung cho dit liéu anh. Thudt todn
dé nghi dwoc trinh bay chi tiét cac budc thuc hién va duoc minh
hoa trén mot tap PDF cu thé. De dp dung cho dir liéu anh, nghién
cliu trich xudt ddc trung mdu sdc voi 4 mau co ban thanh cac PDF
mot chiéu dai dién. Sau do, phirong phdp tim xdc sudt tién nghiém
dua trén ky thudt phan tich chum mo dwoc xdy dzmg Cudi ciing,
nguyén tic phan logi twa Bayes dioc thlet ldp. Ung dung trén tdp
anh cu thé cho thdy ket qua phan logi 10t va cé nhiéu tiém nang
trong dp dung thuc té ciia nhiéu linh vue khdc nhau.

Tir khod: Ham mdt dg xdc sudt, phan logi, phirong phdp Bayes,
trich xuat anh

ABSTRACT

This study proposes a classification algorithm for probability
density functions (PDF's) which is then applied to image data. The
proposed algorithm is detailed step-by-step and illustrated using a
specific set of PDFs. For application to image data, the study
extracts color features using four basic colors represented as one-
dimensional PDFs. Next, the method for finding prior probabilities
based on fuzzy cluster analysis techniques is built. Finally, the
quasi-Bayesian classification principle is established. Application
on a specific set of images shows good classification results and
demonstrates significant potential for practical applications
across various fields.

Keywords: Probability density function, classification, Bayesian
method, extracting image

1. GIOI THIEU

sat cia nd (Dinh & Tai, 2021, 2023). Do d6, nhan

Theo Pham-Gia et al. (2000), nhan dang thng
ké gdm c6 hai bai toan chinh: nhan dang khong duogc
giam sat va nhan dang dugc giam sat. Nhan dang
khong duoc giam sat la viéc chia mot tép dir liu da
cho thanh cac chim sao cho cac phan tir trong cung
mot chiim ¢6 sy twong ty nhidu hon so véi cac phan
tir khac bén ngoai chum, cin cr vao cac bién quan
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dang khong dugc giam sat con duoc goi 1a bai toan
phan tich chum. Nhan dang duoc giam sat 1a viéc
xép mot phan tir vao mot trong cic nhom dd cho mot
cach thich hop nhét. Chinh vi vay, nhan dang dugc
giam sat dugc goi 1a bai toan phan loai (Thao & Tai,
2020; Ha et al., 2020). Phén loai la mot huéng phat
trién quan trong cua thong ké nhiéu chiéu va khoa
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hoc dir li€u ngay nay. N6 da va dang dugc ap dung
trong nhiéu van dé cy thé trong kinh té, xa hoi, y hoc
va mdi trudng.

Phan loai ¢6 thé thuc hién cho dit liéu roi rac,
khoang va ham mat do xac suat (PDF). Dit liéu roi
rac dugc xay dung dau tién cho bai toan phéan loai
va duoc ap dung cho nhiéu vin dé cua céc linh vuc
khac nhau (Katarzyna, 2017; Tai et al., 2022; ).
Trong thyc té, chiing ta cling luu trit nhiéu dit ligu
khoang nhu gia tri cao nhat va thip nhét trong ngay
ctia nhiét o, d6 4m, chi sb néng,. .. Do d6, phan loai
cho dir liéu khoang da duogc dé xuat. Vi dit liéu nay,
mot sé thudt toan quan trong gan day da dugc dé
xuét (Ngoc et al., 2022; Dan & Tai, 2024). Khi di
liéu 16n, mot dbi twong c6 thé biéu dién thanh mot
PDF, nén phén loai cho dbi twong nay da dugc dé
nghi. Hon nira, mot anh co thé ciing dwoc biéu dién
thanh mot PDF, nén viéc phén loai cho dbi tuong
nay la can thiét va rat quan trong.

So v6i dit lidu sb va khoang, viéc phén loai cho
cac PDF con rat nhiéu han ché, hdu nhu chua duge
quan tdm boi cac nha thong ké. Hon nita, viéc phan
loai cho ddi tugng nay dugc danh gia rat phuc tap.
Su phtic tap dugc thé hién trong tat ca cac bude quan
trong chinh. Dau tién, do6 1a viéc xay dung cac do do
danh gia sy twong tu cua hai phan tir va giita mot
phan tir d6i v6i cac nhom. Véi dit lidu roi rac, nhiéu
khoang cach khac nhau da dwoc dé xuit va ap dung
nhu khoang cach Euclide, City-block, khoang cach
LP. Ddi véi dit liéu khoang, khoang cach Huassdoff,
City-block va L? thuong duoc ap dung. Cho dit licu
PDF, c6 rat nhiéu khoang cach khac nhau duoc dinh
nghia dya trén sy mé rong tur déi tugng rdi rac. So
voi dir ligu roi rac va khoang, cac d¢ do cho PDF
thuong rét kho trong tinh toan dé ap dung trong thuc
té. Mot van dé phirc tap khac trong phén loai PDF la
viéc xdy dung nguyén tic phan loai. Nguyén tic
phan loai d6i véi dir liéu roi rac thi rt phong phi.
D6 1a nhitng nguyén tic phan loai dugc xdy dung
dwra vao théng ké nhu Logistic, Naive Bayes, Fisher
(Fisher, 1938; Che-Ngoc, 2023) va dya vao hoc may
nhu kNN, may vécto hd trg (SVM), Trees, Neural
Networks, Optimal  Autofit, SqueezeNet,
GoogleNet, MobileNetv2, VGG-19 va Inceptionv
(Imandoust et al., 2013; Pham et al., 2016; Huang
et al.,, 2018; Koklu, 2021; Philipp et al., 2021;
Cinar, 2022). Di véi dir liéu khoang, ching ta c6
thé xay dung nguyén tic phan loai twong tu nhu dir
liu roi rac. Tuy nhién sy phat trién tir di liéu roi rac
va khoang cho PDF rat kho duge thue hién.

V6i dir liéu anh, dé 4p dung bai toan phén loai,
chung ta dau tién phai trich xuat cac déc trung cia
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n6. Cé nhidu phuong phap khac nhau dé trich xuat
dic trung cua anh, trong d6 dwa vao mau sic 1a
phuong phép phd bién. Trong nhidu nghién ciru, tir
3 mau co ban RGB (P9, Xanh luc, Xanh lam), mot
anh bat ky s& dugc chuyén vé mau Gr (Mau xam) dé
trich xuét ddc trung (Zhang et al. , 2018). Sau khi ma
tran dic trung mau xam dugc trich xudt, cac bién roi
rac va khoang duogc thiét 1ap dé dai dién cho mot anh
(Ngoc et al., 2021; Che-Ngoc et al., 2023). Viéc
phan biét cac anh v4i nhau chinh 1a dya trén cac dbi
tuong dai dién nay. Viéc st dung PDF dai di¢n cho
anh tu cac dac trung dugc trich xuét cling duoc dé
nghi trong nhitng nam gan day. Tuy nhién, hiu nhu
chung chi dugc 4p dung cho bai todn nhan dang
chua dugce gidm sat (Thao et al., 2023). Vi nhan
dang duoc giam sat, viéc dua anh vé PDF dai dién
dé thyuc hién con rat han ché.

Nghién ciru nay xay dung thuat toan phan loai
cho PDF duya trén d6 do dugc goi la hé ) chéng lép
va nguyén tic phéan loai tya Bayes. Thuat toan dé
nghi sau d6 dugc ap dung cho dir liéu anh khi céc
dic trung mau sic ciia né duge trich xudt va biéu
dién thanh cac PDF mét chiéu. Y tuéng nghién ciru
nay rat thu vi, c6 thé ap dung cho nhiéu van dé thuc
té lién quan dén tu dong hod va tri tué nhan tao dang
duoc rat nhiéu nha khoa hoc quan tam hién nay.

2. THUAT TOAN PHAN LOAI HAM MAT

PO XAC SUAT PE NGHI

2.1. Do do danh gia sy twong tw ciia hai ham

méit dd xac suit

Trong khong gian xac suat (Q, F,P), voi Q 1a
khong gian mau, ho F cac tap con do dugc cua o-
dai so trong () va ham xac suat P: F — [0; 1] gom
hai PDF f va g. Khi @6, ta c6 cac d¢ do sau:

— Khodng cich £

If.glli =] 1f () — gl ax.
Rn

— Khoang cach Divergence:

[T —g()?
Doncf 1) =2 G gy
— Khoang cach Kullback-Leibler:
(" fx)
Da(f19)=| f@n(g5s)ax

— Khoang cach Jensen-Shannon:

1 1
Dis(fllg) = EDKL(f Il k) +§DKL(9 Il ),
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trong d6 h =~ (f + g).

— Khoang cach Bhattacharyya:
1
Dy(f,9) = [ [Fg@Edx:
R"

Céc khoang cach trén duoc sir dung dé danh gia
su turong tur cua hai PDF. Khi khoang cach cang nho
thi su twong tu cua chling cang 16n va nguoc lai. Co
nhiéu nghién ctru viéc chon khoang cach tbi wu cho
bai toan nhan dang théng ké. Tuy nhién, chwa co
khoang cach nao dugc xem la tdt nhat cho moi
truong hop.

Cac khoang cach trén c6 gia tri trong [0; +00).
Trong bai toan phén loai, chiing ta cin mot do do
danh gid sy tuong tu cia 2 PDF nhung c6 gia tri
[0;1]. Trong nghién ctru nay, mot d6 do dugce goi la
hé s6 chong lap ciia 2 PDF duoc st dung. D6 do nay
duoc dinh nghia nhu sau:

Do(f,9) = 2~ [umax{f,g}dx. (1)

Tir (1) ta c6 thé nhan thdy D, (f, g) 1a thude do
mirc 6 chdng 1ap gitra hai ham PDF. Khi hai PDF f
va g cang c6 nhiéu viung chong lip thi
fRn max{f, g}dx s& cang nhd, do d6 D,(f,g) sé
cang 16n. Nguoc lai khi ving chong 1ap cia fva g
cang nho thi fRn max{f, g}dx s€ cang l6n, do do
Dy (f, g) s& cang nho. Gia tri ctia Dy (f, g) 1a 1 khi
hai PDF trung nhau va gia tri cia Dy (f, g) 1a 0 khi
hai PDF hpén tOé.,Il téph ré’j nhau. Tt cac nhan xét
trén, ta thay hé so chong lap 1a @6 do phu hop voi
muc ti€u trong xay dung bai toan phan loai.

2.2. Thuit toan

Cho k tong thé w,, w,, ..., Wy, trong d6 nhom thir

i c6 n; PDF, ny +n, + -+ n, = N. Dé phan loai
PDF f,, ta thyc hién theo cac budc sau:

Bude 1. Thiét 1ap ma tran xac sudt ban dau U
voi k hang va N + 1 cdt:

u® = ['uij]kx(N+1)
Hi1  Hi2 wmy  1/k
— |H21  H22 toy  1/k
) wen  1/k

trong d6 N cot dau tién 1a ma tran phan ving khong
md cta cic phan tir trong tap dit lidu khi xép vao k
nhoém wy, Wy, ..., wi. Cu thé g;; = 1 khi phan tir thir
J thudc chum thir 7 va p;; =0 néu phan tir thtr j
khéng thudc chum thir i. Cot cudi cing (N + 1) 1a
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xac suat ban dau dé f, xép vao cac chum
Wy, Wy, ..., Wg. O budc nay, ta cho xac suét tién
nghiém cua f bang nhau va bang 1/k.

Buée 2. Thiét lap PDF dai dién cho cac chum w;
theo cong thirc sau:

N+1
= e DA
Hij j=1
—1,2,’...,k, (2)

trong d6 p;; 1a xac suat xép ham mat d¢ f; vao chum
w;.

Dua vao Cong thire (2), ta dé dang nhan duge
ham dai di¢n nhom £, khong 4m va f]Rd fo,(0)dx =
1. Nhu vay ham dai dién ciia mot nhém ciing 1a mot
PDF.

Budée 3. Cap nhat ma tran xac sudt méi U,
trong d6 cac phan tir duoc xac dinh theo cong thirc
sau:

®) _ 1
l" B N+1 K
b DO(fviﬂfj)/(DO(fvi'fm)) ]

m=1
trong d6 Dy (.) 1 hé s6 chdng 1ap cua cac PDF.
Buéc 4. Tinh chuan
(t-1)

ot~ 0] = a5

Buwére 5. Lap lai cac Budce 2, Bude 3 va Budce 4
t 1an cho dén khi diéu kién sau dugc thoa:
|[u® —utv| <.

3

Khi thuét toan két thic, ta nhian duoc mot ma
tran ¢& k X (N + 1) ma tong cac cot ciia né ludn
bang 1. Cot cudi cung trong ma tran nay chinh 13 xac
suét tién nghiém dé xép PDF f, vao cac nhom.

Budc 6. Gia sir ta co cot cudi cing trong ma tran
khi két thic Bude 5 1

q

Tinh g;q = qiDO(fO,ﬁ,i) va thyc hién nguyén
téc phén loai nhu sau:

Néu max {qi (Do(fo, fvi))} =
dc (Do(fo,f,,c)), ¢=1,2,..., kthi PDF f, dugc
xép vao nhom w.

Thuat toan phan loai cho ca@c PDF trén c6 hgi giai
doan chinh. Giai doan th{r nhat 1a tim xac suat tién

nghiém cho PDF f,. Trong nhiéu nghién ciru, xac
suét tién nghiém thuong chi dya vao tap huén luyén
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ma khong xem xét dén phan tir phan loai. Trong
thuét toan nay, mbi quan hé mo giita PDF duoc phén
loai v&i cac nhdm qua bai toan phan tich chum duogc
sir dung 1am xéc sudt tién nghiém. Giai doan thi hai
ctia thuat toan phan loai dé nghi 1a xdy dung nguyén
téc phan loai. Mot PDF duogc xép vao mdt nhém cu
thé nao d6 néu nod c6 xac suét tién nghiém 16n nhat
va sy tuong tu dén nhom do cling 16n nhét. Do do,
nguyén tic phan loai nay duogc xem la twa phuong
phap Bayes cho bién roi rac.
2.3. Vidu minh hoa

Pé minh hoa thuat toan dé nghi, 30 PDF duoc
xem xét. Cac PDF nay dugc chia thanh 3 nhom
Ww,W, va w,, voi 10 PDF cho mo6i nhém. Moi PDF
tuan theo phén phdi chuan mot chidu voi phuong sai
l1a 1. Tham s6 trung binh cta cac nhém cuy thé dugc
cho nhu sau:

- p ={-0,82; —0,74;-0,70; —0,45;

—-0,25; -0,22; —0,21; —0,13; 0,23; 0,87},

- uy, =1{5,08; 5,19; 5,22; 5,56; 5,58; 5,60;
5,70; 5,88; 5,96},

- us ={724; 728; 7,50, 7,60; 7,62; 7,75;
7,84; 7,85, 7,95;7,97}.

Gia st f, 1a PDF duoc phan loai c6 phan phéi
chuan N(5.26,1.27).

D) thi cua cac PDF cho 3 nhom va fo duoc

cho boi Hinh 1.

04r .'Q"“I\
t""\“\\
035 [N A
l,. ,‘I [
'1.1‘)‘1 \
ssf i
[N} !
l,:, ,'.l"l 1
0251 Wy [
] ]
oy “lil
o Al
02t [LARALA
R
Wy .'l"l
045t :,:, ' "|“
NN
01t .':' ! ‘O“;
: NN v
h )
::,l ' A
0.05 - Wl
Ny
2%/
5 0 15

Hinh 1. P4 thi PDF ciia 3 nhém w1, w2, w3 va fo

Tir Hinh 1, ta c6 nhén xét rang fo gin nhom w,

nhat nén viéc phan loai nd vao nhém nay 1a phu hop
nhat.

Céac bude cua thuat toan dé nghi dugc minh hoa

trén tap dit liéu nay nhu sau:

Bude 1. Thiét 1ap ma tran phan viing ban dau c6

kich thudce 3 X 31 nhu sau:
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U§(231=

1 1 0 0 0 0 1/3
0 0 1 1 0 0 1/3|.
0 0 0 0 11 1/3

Trong ma tran trén, ta co

* Hélngrl: Turcot 1 dén cot 101asd 1, cot 11 dén
cot301aso0vacot3llal/3.

* Hang 2: Tir ¢dt 11 dén cot 20 1as6 1, cot 31 1a
1/3 va cac cOt con lai déu 1a so 0.

* Hang 3: Tlr cot 21 dén c6t 30 1a s6 1, cot 31 1a
1/3 va cac cOt con lai déu 1a so 0.

Cot cgéi cung la 1/3, nghia la luc d4u ta cho xéc
suat dé xep fy va ba nhom giong nhau.
Budc 2. Thiét 1ap 3 PDF dai dién cho 3 nhom, ta
¢6 Hinh 2.
04r
035
03}
025
02}
o5
o1t

0.05

0
-5

Hinh 2. P6 thi ciia cac PDF dai dién va PDF
dwgc phan loai

Buwére 3. Cap nhat ma tran phan vung, ta c6

©)
Uzyzy
0361 0361 .. 0315 0,314 .. 0,322 0,322 0,308
= [0,328 0329 .. 0311 0,308 .. 0,335 0,336 0,306 |.
0311 0310 .. 0,374 0,378 .. 0,343 0,341 0,386

Buée 4. Vi |U® —u®|| = 0.078 > 0.01 nén
thuét toan tiép tuc duogc lap lai.

Buwére 5. Lap lai Bude 3 va Budc 4, sau 8 vong
lap, ta nhén dugc ma trén sau:

u®

3x31 =

O,§95 0922 .. 0,042 0,025 .. 0,041 0,035 0,023
[0,049 0,033 .. 0907 0943 .. 0,078 0,064 0,943 |.
0,056 0,045 .. 0,051 0,042 .. 0,881 0901 0,034

Vi |u® —u®| = 0.008 < 0.01 nén Budc 4
dung lai.
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Budére 6. T cOt cudi cung trong ma trén Budc 4,
chung ta nhan dugc xac suat tién nghiém dé xép fo

la
0,023
q= [0,943].
0,034
Taco

Do(fofo,) = 0,022; Do (fo f,) = 0,858;
Do(fo,fvs) = 0,355; H1D0(fo,ful) = 0,00051;
#zDo(fofvz) = 0,809; u3Dy (fo,fv3) =0,012.

Vi max{uiDo(fo f,,)} = #2Do(for fr2) mén f
duoc phan loai vao w,. Tir Hinh 1, ta thay rang day
1a két qua phan loai phu hop.

3. AP DUNG TRONG PHAN LOAI ANH
3.1. Khéng gian mau cia dnh

Khong gian mau RGB 12 mot hé thong biéu dién
mau sic bang cach két hop ba mau co ban 1a do
(red), xanh luc (green) va xanh lam (blue) véi cac ty
1¢ khac nhau. Khong gian mau RGB dugc sir dung
rong rii trong céc thiét bi dién tir nhu may tinh, may
anh, dién thoai va man hinh hlen thi, vi no gan véi
cach mét nguoi nhan biét mau sic. Mdi mau trong
khong gian mau RGB c¢6 thé c6 gia tri tir 0 dén 255,
tuong ing vai 8 bit. Do d6, ¢ tong cong 256 x 256
x 256 = 16.777.216 mau khéac nhau c6 thé dugc tao
ra trong khong gian mau RGB.

Anh x4m hay con goi la anh don sic
(monochromatic). Anh 8 mtrc xam mdi diém anh s&
co gla tri nam trong doan [0;7], anh 256 mirc xam
mdi diém anh s& c6 g1a tri nam trong doan [0,255].
Gia trj cua diém anh bang 0 dai dién cho diém anh
tdi (den), gia tri diém anh 16m nhat dai dién cho diém
anh sang (trang). Do sang dugc tinh theo cong thirc
(chuyén dbi tir hé mau RGB):

S§=0.2989R + 0.5870G + 0.1140B.

3.2. Phwong phip trich xuét hinh inh

Diém anh 1a mot phan tir ciia hinh anh ky thuat
sb tai mot toa do v&i dd xam hodc mau nhit dinh.
Cu thé, trong hinh anh hai chiéu, mdi diém anh bao
gdm mot cap toa do (x,y), trong d6 x,y 1a cac gia
tri dai dién cho d¢ sang cu thé (mirc xam). Cac cap
toa do (x,y) tao nén do phan giai cua anh. Cu thé,
man hinh may tinh c6 d§ phan giai 768 x 1024 co
nghia chiéu rong man hinh 1a 768 pixel va chiéu dai
1a 1024 pixel.
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Trong nghién ciru ndy, viéc trich xuat hinh anh
thanh PDF duya trén d§ phan giai cua anh theo cac
budc sau:

Budge 1. Xay dung ma tran diém anh véi kich
thudc ciia moi hinh anh trong bé dir liéu.

Budc 2. Chuyén ma tran diém anh thanh vécto
cot.

Budre 3. Ubc luong phi tham sé mat d diém anh
dua trén phuong phap ham hat nhan.

Gia sir ta co dir liéu roi rac d-chiéu, khi d6 PDF
duoc udc lugng theo phuong phap ham hat nhan cé
dang:

N d
)= Nhh dZHKJ< )

i=1
trong do
N 14 sb phan tir cta dir lidu,
d 14 56 chiéu,
h; 1a tham s tron cuia bién thirc j,
x; labién thtr j,j = 1,2, ..., d,
x;; 12 dit liéu thir i cta bién thtr j,i = 1,2, ..., N,
K;(-) 1a ham hat nhén cta bién the j. Ham hat
nhan phai théa méan hai diéu kién K;(x) >0 va
JKj(x)dx = 1.
Trong nghién ctru nay ching t6i chon ham mat
d6 dang chuan:

= eo(-%)
x) =—exp|——=)

2 P72

Két qua u6e luong PDF bing phuong phap hat
nhan ciing phy thugc vao tham s6 tron. Cing co
nhiéu thao Iuan khac nhau vé viéc chon tham so
tron, tuy nhién chua c6 phwong phap nao dugc xem
1a t6i wu. Trong nghién ctru nay, tham sb tron duoc
chon theo Terrell (1992).

Budrc 4. Ap dung thuét toan phan loai cho PDF
duoc trinh bay Phan 2.2.

4. UNG DUNG TRONG PHAN LOAI ANH

4.1. Tham s6 danh gia cic thuit toin phan
loai

Dé danh gia su hiéu qua cua m6 hinh phan loai,

ta thuong dung cac tham s6 nhu Accuracy (4CC),

Precision, Recall va F1 score. Cac tham so nay déu
dua vao ma tran “Confusion”:
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Béang 1. M6 ta ma tran Confusion trong phan loai

~ X Nhan phan loai
Nhin nguon Lop 1 Lop 2
Lop 1 TP FP
Lép 2 FN TN

Trong ma tran Confusion, ta co

— TP: Tong s6 phan tir cia Lép 1 dugc phan
loai ding

— TN: Téng s6 phan tir ciia Lép 2 dugc phan
loai diing

— FP: Tong s6 phan tir thude Lop 1 phan loai
sai

— FN: Téng s6 phan tir thuoc Lp 2 phan loai
sai

GoiTS 1a téng sb phﬁn tor dl;gc phéan loai, khi d6
ta co cong thirc tinh cac tham so danh gia nhu sau:

_ACC = TRHTN
TS

— Recall =

T
TP+FN

— Precision =
TP+FP

2 Precison.Rcall
— F1-Score =

2 Precison + Rcall

Céc tham sb trén co gia tri [0;1]. Khi gia tri nay
cang 16n thi két qua phén loai cang t6t va ngugc lai.

4.2. Dir liéu va phwong phap

Phén nay 4p dung cu thuit toan dé nghi dé phan
loai cho tép anh 3 loai anh trai cay. Bg so li¢u gom
1470 anh, trong d6 c6 490 dnh qua lyu (w,), 490 dnh
qua tio (w,) va 490 anh qua vai thiéu (ws). Sé lidu
duoc trich tir tap dir liéu Fruit 360 trén Website:
https://www .kaggle.com/datasets/ moltean/fruits.
Anh minh hoa cho ba nhém dugc cho bai Hinh 3.

(a) Lyu (b) T40 () Vi thiéu
Hinh 3. Miu 4nh ciia 3 loai trai ciy
_ Véi img dyng nay, nghién ctru st dung 85% cua
moOi nhom anh (1251 anh cua 3 nhém va 417 anh cta
moi nhom) lam tép huéan luyén d€ xay dung thuat
toan d¢ nghi va 15% anh con lai (219 anh cua 3
nhom va 73 anh ciia moi nhom) 1am tép ki€m tra.
4.3. Két qua thuc hién
Trich xuét ddc trung mau sic cia tat ca cic anh
theo 4 mau R, G, B, Gr va udc lugng PDF cho 3
nhom trai cay, ta nhan dugc Hinh 4.

Tép 60, S6 chuyén de:

Khoa hoc tw nhién (Toan-Ly) (2024): 75-82

(d) Mau Gr

Hinh 4. Cac PDF dai dién cho dic trung mau
sac dwgrc trich xuat tir 1470 anh.

Tim PDF dai dién cho 3 nhom trai cay tu 4 dac
trung mau sac dugc trich xuat, ta ¢6 Hinh 5.
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Tap 60, S6 chuyén dé: Khoa hoc tu nhién (Todn-Ly) (2024): 75-82

(a) MauR (b) Mau G

(c) Mau B (c) Mau Gr

Hinh 5. Cac PDF dai dién cho 3 nhém trai ciy dwoc trich xuit dic trung tir 4 mau

Str dung cac PDF duoc trich xuét cho tung
anh, PDF dai dién cho mdi nhom va 4p dung thuat
toan trong cac truong hop khac nhau, ta nhén dugc
Béng 2.

Bang 2. So sanh két qua phan loai ciia thuat toan
dé nghi voi cac khoang cach khac nhau

Mau  SOVOM®  \cC Precison Fl-
1ap score

R 23 0,7714 0,7660 0,7660
G 23 0,8048 0,7714 0,7714
B 23 0,7660 0,8048 0,8048
Gr 24 0,8150 0,8150 0,8150

Tu Bang 2, ta c6 nhitng nhén xét sau:

— Giatri ACC = 0,7714 cua phan loai khi cac
dac trung duogc trich xuét tir mau R 12 thép nhét,
trong khi dic trung duoc trich xuit tir mau Gr cho
gia tri ACC = 0,8150 cao nhit.

—  Gié tri Precision va F1 ctia mdi trudong hop 1a
bang nhau. Ching ta mot lan nita cling nhan
Precision va F1 thip nhét khi sir dung mau R va gia
tri cao nhat khi sir dung déc trung mau Gr trong phén
loai.

— Khi str dung céac déc trung dugc trich XUt tir
méau G, B va R, s6 vong 1ap thue hién gan nhu nhau
(23 hoic 24 vong lap). S6 vong lap thuc hién khi st
dung dic trung mau Gr nhiéu nhit va co su chénh
1&ch véi cac truong hgp con lai. Do d6 thoi gian thuc
hién khi str dung mau Gr 1 nhiéu nhét.

Nhu vay trong tap dir liéu nay, viéc st dung déc
trung mau Gr d€ thyc hién thudt toan d€ nghi sé nhan
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duogc két qua phan loai tot nhit. Mac du truong hop
nay thoi gian thuc hién 1au hon cac truong hop khac,
nhung véi sy phat trién manh mé trong toc do xtr ly
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ciing khong anh huong nhidu dén hiéu qua thuc té.

5. KET LUAN

Nghién ctru nay da dé xuét dugc mot thuat toan
phan loai cai tién cho PDF véi su trinh bay chi tiét
cac budce thuc hién va minh hoa cu thé. Mot van dé
quan trong cua nghién clru nay la viéc van dung
thuét toan dé nghi cho dir liéu anh khi d3c trung mau
sdc ciia n6 duoc trich xudt va biéu dién thanh cac
PDF. Y tudng thii vi nay co sy khac biét so voi cac
phuong phap thong dung hién nay khi déc trung cua
anh chi yéu duoc biéu dién thanh ma tran hoic
vecto dai dién. Thuét toan dé nghi cé thé van dung
trong thuc té ciia nhiéu linh vuc khac nhau dé cai
tién hiéu qua cua sy phan loai.

Trong thoi gian sp t6i, cac ing dung thuce té cho
anh s& dugc tiép tuc thuc hién dé danh gia sy higu
qua cua thuat toan dé nghi so véi cac thuat toan
khéac. Hon nira, thuat toan phéan loai anh tiép tuc
dugce mo rong khi cting luc nhiéu dic tinh ciia ching
duoc trich xuat va duoc biéu dién boi nhiéu PDF
mot chidu hodc mot PDF nhiéu chidu dé nhéan dién.
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