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ABSTRACT

In this study, an algorithm was proposed to classify the images based on
the extracted one-dimensional probability density function. First, based
on the resolution of grey level, each image was extracted into a
representative one-dimensional probability density function and
truncated on [0;1]. Next, the prior probability of the classified image was
determined based on the fuzzy clustering problem. Finally, a principle to
classify images was proposed. The image was assigned to the known
group if it has the maximum value of the prior probability and a similar
level to that group. The proposed algorithm was illustrated step by step,
and applied to specific image sets. The application obtained a good result
because it had fewer errors than other methods. This study also shows
potential in practical application for many fields related to image
recognition.

TOM TAT

Nghién curu nham dé xudt mot thudt todn phan loai anh dva vao ham mdt
do xac sudt mot chiéu duoc trich xudt. Pdu tién, dwa vao do phan gidi
mirc xdm, moi anh dwoc trich xuat thanh mot ham mdt do xdc sudt mot
chiéu dai dién va duoc chat cut trén doan [0; 1]. Tiép theo, xdc sudt tién
nghiém ciia mot anh can phan logi dugc xdc dinh dywa vao bai toan phdn
tich chim mo. Cudi ciing, mot nguyen tac phan loai cho anh duwoc dé xudt.
Anh dwoc xep vdo mot nhém di biét néu né c6 xdc sudt tién nghiém va sw
tuong tw dén nhém dé 16m nhat. Thudt toan dé nghi dwoc minh hog tirng
budc va duoc ap dung trén nhing tgp anh cu thé. Ap dung da cho két qua
16t béi vi né cé sai so thap hon nhiéu phuong phap khac. Nghién ciu ndy
ciing cho thdy tiém ndng trong dp dung thiee té ciia nhiéu linh vuec lién
quan dén nhdn dang anh.

1. GIGI THIEU

Phan loai la viéc gan mot phan tr vao mot tdng

c6 1o giai cudi cung (Ngoc et al., 2021, 2022). Béi
tuong phan loai cé thé la cac phan tir s6 hoac cac

thé thich hop dua trén cac bién quan sat cua no. Pay
la mot hudng phat trién quan trong cua théng ké
nhiéu chiéu va khoa hoc dir liéu ngay nay. Bai toan
phan loai c6 rat nhiéu tng dung trong thuc té, vi vay
né nhan dugc sy quan tam caa rat nhidu nha khoa
hoc. Tuy nhién, cho dén nay né van la bai toan chua
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hinh anh. Vi sy phat trién manh ciia cac thiét bi ghi
hinh va tri tué nhan tao, phan loai cho ddi twong anh
ngdy cang dong vai trd quan trong trong thyc té. Boi
v6i dbi twong anh, viéc phan loai duoc thuc hién qua
hai budc chinh: trich xuat dac trung cho anh dé tim
phan tir dai dién va xay dung mé hinh phan loai cu
thé tir dit liéu duoc trich xuét.
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Trich xuit anh la budc dau tién rat quan trong dé
thyc hién bai toan phan loai. Viéc trich Xuét anh
duoc xem 1 tdi wu néu né dic trung dwoc cho anh
va dé nhan dang, dé phan biét. Thong thuong anh
dugc trich xuat théng qua mau sic, két cau hoic hinh
dang (Thao & Tai, 2017; Koklu, 2021). Mac du ¢
nhiéu thao luan khac nhau vé van dé nay, nhung cho
dén nay chua c6 mot phuong phap nao dwoc xem la
ti uu cho tat ca cac truong hop (Zhu et al., 2000;
Zhang et al., 2018). Khi cac dac trung duoc trich
Xuit, dé ap dung vao bai toan phan loai, chang ta
phai chon lya phan tir dai dién cho anh. Viéc chon
lya nay rat quan trong bai vi nhan dang anh chinh la
nhan dang cac phan tir dai dién nay. Hién nay c6 ba
dbi twong chinh duogc sir dung dé dai dién cho anh:
cac phan tur roi rac, ham mat do xac suat (PDF) va
khoang dir liéu (Ha et al., 2020; Dinh & Tai, 2021).
Viéc sir dung cac phan tir roi rac dang ma tran dai
dién cho anh dé phan loai dwoc nhiéu nha nghién
clru quan tam va duoc ap dung phé bién trong thuc
té (Tai et al., 2021). Sir dung khoang dai dién cho
anh, xay dung thuat toan phan loai di duoc dé xuat
gan day (Ngoc et al., 2022). Tuy nhién nghién ctru
phan loai loai anh dira vao PDF duoc trich xuit chua
duoc tim thay.

Vé van dé phan loai, c6 nhiéu phuong phap da
va dang dugc ung dung. Dya vao thong ké, cac
phuong phap nhu Fisher, hdi quy Logistic va Bayes
thudng dugc dé cap. Phuong phap cua Fisher c6 thé
phan loai cho hai hozc nhiéu hon hai tong thé, ‘nhung
phai gia str ma tran hi¢p phuong sai cua cac tong thé
la bang nhau. Vi vay, né c6 nhiéu han ché khi ap
dung cho dir liéu thuc (Fisher, 1938). Phuong phap
hoi quy Logistic dwoc sir dung rat phd bién, nhung
chi hiéu qua khi dir lidu c6 kha nang tach nhom tot
va bién phu thudc la nhi phan (Ha et al., 2020).
Phuong phap Bayes khong yéu cau diéu klen dix
liéu, co thé phan loai cho nhiéu tong thé. Do dé,
phuong phap Bayes duoc danh gia co nhiéu tiém
nang trong viéc mé rong va tng dung Iy thuyét vao
thyuc té (Tai et al., 2021). Voi ky thuat hoc may va
hoc sau, ching ta c6 nhiéu phuong phap phan loai
khac nhu kNN, May vector hd trg (SVM), Trees,
ENS, Neural Networks, Optimal Autofit,
SqueezeNet, GoogleNet, MobileNetv2, VGG-19 va
Inceptionv. Cac phuong phap nay tan dung duoc lgi
thé phat trién caa cong nghé thong tin, cho két qua
phan loai thyuc té kha tot, tuy nhién chiing doi hoi tap
dir liéu 16n, chi phi thoi gian cho huan luyén nhiéu
va thiéu 6n dinh (Cinar, 2022; Huang et al., 2018;
Imadoust & Bolandraftar, 2013; Pham et al., 2016).

~ Trong phan loai péng phuong phap Bayes, hai
van dé quyét dinh dén két qua la tim xac suét tien
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nghiém va udc luong PDF. Xac suat tién nghiém
thudng dwoc xac dinh dua vao kinh nghiém, su hiéu
biét cua nguoi thuc hién, hoac cap nhat mot két luan
thong ké trude d6 vé déi tugng dugc quan sat. Néu
chua ¢ bat cur thong tin nao vé phan tir phan loai,
X4C SUAt tién nghiém thuong duoc chon theo phan
phdi déu. Néu dya vao tap huan luyén, phuong phap
tién nghiém theo ty 1€ dong gop cua cac nhém trong
mau hoic phuong phap Laplace thuong duoc dé
xuét. Tuy nhién, ta ¢ thé khing dinh rang chua co
phuong phap nao dugc xem 1a t6i wu cho tat ca cac
truong hop (Ngoc et al., 2022). Sy phu hop chi duoc
xem xét cho tirng bo dir liéu cu thé. Bén canh xac
Suét tién nghiém, khi thuc hién bai toan phan loai
bang phuong phap Bayes, ching ta phai wéc lugng
PDF dai dién cho mdi anh va PDF dai dién cho cac
nhém. Mic di ¢6 nhiéu cai tién trong nhitng nam
gan day vé van d& nay, nhung cho dén nay no van
con nhiéu han ché. Ngoai hai van dé trén, nhiing
phuc tap trong tinh toan nhu tim ham cuc dai, tinh
tich phan trong khong gian nhiéu chiéu ciing la can
tré trong ap dung thuc té cua phuong phap nay.

Tt ca cac phuong phap dugc dé xuét & trén déu
thuc hién cho dir liéu roi rac. Do do khi ap dung
phan loai cho d6i twong hinh anh n6 phai dugc trich
Xuét thanh cac phan tir roi rac. Thuc té ap dung cho
thdy cach lam nay co nhiing han ché trong nhiéu
truong hop. M6 hinh phén loai anh dya trén dir liéu
dAu vao lién tuc 1a cac ham mat do xac suét duoc
trich xut chua dugc quan tim va dé xuat tir cac nha
nghién ciru trong linh vuc phén loai hinh anh.

2. CAC VAN DE LIEN QUAN DEN
THUAT TOAN DPE NGHI

2.1. Uéc lwgng ham mat d9 xac suit

Hién nay c6 rat nhiéu phuong phéap tham sb va
phi tham s6 dé udc lugng cac PDF, tuy nhién chua
¢6 phuong phap nao dugc xem la tdi wu cho tat ca
cac truong hop. Trong nghién cru nay, phuong phap
ham hat nhan, mot phuong phap phé bién nhat hién
nay dwoc sir dung. Ham mat do xac suat d-chiéu
duogc ude luong boi phuong phap ham hat nhan co
dang nhu sau:

N d
= K 1
pCx) = Nh1 dZﬂ ,( ) )
i=1 j=1
trong do
xj,j=1.2,..,dlacic bién,

x;; 1a dit liéu thir i cua bién thr j,i = 1,2, ..., N,

hj 1a tham s6 tron cua bién thi j,



Tap chi Khoa hoc Trirong Pai hoc Can Tho

K;(-) 1a ham hat nhan cta bién thir j. Ham hat
nhan phai thoa méan hai diéu kién K() >
0Ova [ K(x)dx = 1.

C6 nhiéu ham hat nhan khac nhau nhu ham tam
giac, chit nhat, song luong va chuan tic. Mic du c¢6
nhiéu nghién cru vé van dé nay, nhung chua c6 ham
hat nhan nao dwoc xem 1a tt nhat (Ha et al., 2020).
Hau hét cac ap dung hién tai sir dung ham hat nhan
dang chuan:

K(x) = exp( —x2/2).

Mot van d& khac trong udc luong PDF theo (1)
1a viéc chon tham s6 tron. Khi tham s tron cang
nho, db thi cua PDF uéc luong cang tron va nguoc
lai. Viéc chon tham sé tron da dugc nhidu nha thong
ké quan tAm, tuy nhién né van 1a bai toan chua c6
Ioi giai cubi ciing. Nghién ctru nay chon tham s
tron theo Terrell (1992), mot phuong phap da dugc
dé xuit tir rat sém nhung dugc s dung phé bién
hién nay. Theo phuong phéap nay, tham s tron cua
bién thtr j duoc tinh nhu sau:

1/(d+4—)

h; = (4/(N(d +2))) X g,

trong d6 N 1a s6 phan tir trong dir ligu, d 1a sb
chiéu va of = %Z?zl sy, trong d6 s; 1a phan tir
duong chéo trong ma tran hi€p phuong sai mau.

2.2. Ham mat d9 xac suit dai dién chum

Cho tap F gdm cac PDF véi

F={f(0), f2(x), ... fu()}n = 2
can duoc xép vao k nhom:
C ={C,Cy ..., C}, (k = 2).

Ham s6 dai dién caa mdi nhém duoc dinh nghia

boi (2):
k

———— x> () f @

i=1

fo, =
Zz 1 (:“fvl

trong do u foy 1a xac sudt xép ham mat do f; vao
chum C;. Dya vao Cong thuc (2), ta dé dang nhan
dugc ham dai dign nhém f, khong &m va
Jgafo,(¥)dx = 1. Nhu vay ham dai dién cua mot
nhom ciing 1a mot PDF.

2.3. Ham mit d xac suit chit cut trén mét
doan

Cho ham mat d¢ xac suat f(x) trong khong gian
R, ditm = f; f(x)dx, trong 46 a,b € R. Tur f(x),
ta thiét lap ham g(x) nhu sau:
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x
& néu x € [a;b],
0 néux €& [a;b].

Vi f(x) 1a mot PDF, nén f(x) khong am va
f_:o f(x)dx =1 nén ta co thé kiém tra d& dang
rang g(x) khong am va

f_:og(x)dx =1.

gx) =

Nhu vay g(x) cling la mét PDF. Lic nay ta goi
g(x) 1a PDF chit cut cua f(x) trén doan [a;b].

2.4. Khoang cach cia hai ham mit d¢ xac
suat

Trong khong gian xac suat (Q, F,P), voi Q 1a
khong gian mau, ho F cac tap con do duoc cua
o —dai s6 trong Q, va ham xac suat P : F — [0,1]
gom hai ham mat do xac suat f va g. Ta c6 cac
khoang cach sau:

e Khodng cdach Housdorff:
Dy(f Il 9) = max(h(f, 9),h(g,f)),
trong do h(f,g) =ma]g<(r;1€i;1(d(p,q))>
h(g,f) = max (mln(d(q p))) va d(p,q) la

khoang cach LZ gitra hai vector.

Khoang cach Kulback-Leirber:
+00
Dalf 1) = [ VG 9.

Khoang cach Jesen-Shannon:
1 1
JSD(f Il g) = EDKL(f Il h) +EDKL(g Il k),

1
;U +9).
Khoang cach Bhattacharyya:

BC(f,g) = [ \JFG) - g(x) dx.

Céc khoang cach trén duoc sir dung dé danh gia
su twong tu cua hai PDF. Khi khoang cich cang nho
thi sy twong tu cua ching cang 16n va nguoc lai.
Hién chua c6 mot két luan nao vé sy tbi wru cua viéc
chon khoang céach trong bai toan phéan loai. Nghién
ctru nay khao sat cac loai khoang cach trén dé tim
trueong hop phu hop nhat khi xem xét cho dir lidu cu
thé.

trong d6 h =
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2.5. Phwong phap trich xuét hinh anh

Diém anh 1a mot phan tir cia hinh anh k§ thuat
s tai mot toa do voi do xdm hodc mau nhat dinh.
Chan han, trong hinh anh hai chiéu, mdi diém anh
bao gdm mat cap toa do (x,y), trong d6 x,y 14 cac
gia tri dai dién cho d6 sang cu thé (mirc xam). Cac
cap toa do (x,y) tao nén d6 phan giai cua anh. Cu
thé, man hinh may tinh c6 d6 phan giai 768 x 1024
¢6 nghia chiéu rong man hinh 1a 768 pixel va chiéu
dai 1a 1024 pixel.

Trong nghién ctru ndy, viéc trich xuét hinh anh
thanh PDF duya trén d§ phan giai ciia anh theo cac
budc sau:

Buéc 1. Xay dung ma tran diém anh véi kich
thudc cia moi hinh anh trong bo dir liéu.

Bu6c 2. Chuyén ma tran diém anh thanh vector
cot.

Budrc 3. Ubc luong phi tham s mat d6 diém anh
dya trén phuong phap ham hat nhan.

3. THUAT TOAN PE NGHI

Cho k tong thé wy, wy, ..., Wy, trong d6 nhém thir
i ¢ n; anh, ny + n, + -+ + n, = n. D€ phan loai
mot anh I, ta thuc hién theo cac budc sau:

Buwéc 1. Trich xuit mdi anh thanh mot PDF dai
dién theo cac budc cia Muc 2.5 va xay dung cac
PDF chat cut trén [0;1]. Goi F; voi i =1,2,...,k 1a
tap cac PDF dai dién cho cac anh ctia nhém w; va f,
1a PDF dai dién cho anh can phan loai I,

Buéc 2. Tim xac xuét tién nghiém cho anh Io boi
cac budc sau:

Budgc 2.1. Thiét 1ap ma tran xac suat ban dau
U véi k hang va N + 1 cot:

u® = ['u”]kx(N+1)
Hi1 Haz wmy 1/k
— |H12  H22 tan  1/k
Uk Hk2 wn  1/k

trong d6 N cot dau tién 1a ma trdn phén vang
khong md cua cac phan tir trong tap dit liu khi xép
vao k nhém wy, W, ..., wy,. Cu thé pij = 1 khi phan
tir thir j thude chum thir i va ;; = 0 néu phan tir thie
J khong thuge chum thi i. Cot Cu01 cung (N + 1) 1a
x4c sudt ban dau d& I, xép vao cic chum
Wi, Wy, ..., Wy. O buéc nay, ta cho xac suét tién
nghiém cita I, bing nhau va bang 1/k.
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Buéc 2.2. Cap nhéthDF dai dién cho cac chum
w; theo cong thirc (2) d€ 6 f,, 1= 1,2, ..., k.

Buéc 2.3. Cap nhat ma tran xac suat méi UO,
trong do6 cac phan tir dugc xac dinh theo cong thirc
sau:

® _ 1
I’llk - 2]
Zf:1[d(f”i'fj)/(d(f”i'fj)> ]
trong d6 d(.) la khoang cach gitra hai PDF.
Buéc 2.3. Tinh chuan
t t—-1
[u® —we=]| = maxf|uf - 1)

Buwoc 2{1 Lap Igl cac Budce 2.2, Bude 2.3 va
Buéc 2.4 t lan cho dén khi diéu Kién sau dugc thoa:

|[u® —utv|| <.

Khi thuat toan két thﬁg, ta nhan dugc Mot ma
tran ¢& k x (N + 1) ma tong cac cot cua nd ludn
bang 1. Cot cudi cung trong ma tran nay chinh la xac
suat tién nghiém dé xep I, vao cac nhom.

Buéc 3. Gia sir ta ¢o cot cudi cing trong ma tran
khi két thac Budc 2 1a:
a1
_ |4
qx

Tinh g;o = q;[1 — d(fo, f,,)], trong d6 fo 1a PDF
dugc trich xuat dai dién cho anh lo. Thuc hién
nguyén tac phan loai nhu sau:

Néu max {q1 (1 - d(fO'ﬁil))} =4qc (1 -
d(fo fp.)): ©=1.2, ...k thi anh thit j duoc xép
vao Nhom we.

4. Vi DU MINH HQA

Dé minh hoa cho thuat toan d& nghi, viéc phan
loai cho ba loai gao dya vao cac anh cta chung dugc
thyc hién. Ba loai gao c6 tén goi 1a Ipsala, Jasmine
va Karacadag. Déy 1a nhiing loai gao dugc trong rat
phd bién & Thai Lan. Tap dix liéu dugc xem xét gém
36 anh vai s6 lugng cho mdi loai bang nhau dugc
lay tir tap dir lieu DATASETS (muratkoklu.com).
Mau anh ciia ba loai duoc cho boi Hinh 1 va Hinh 2.

Ta tién hanh thyc hién thuat toan dé nghi theo
cac budc cu thé sau:

Trich xuat cac PDF dic trung cho mdi anh dya
trén tan suat diém anh va phwong phap udc lwong
ham hat nhan. Minh hoa cho viéc trich xut mét anh
duoc cho boi Hinh 3.
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®|~]-

(a) Gao Ipsala (b) Gao Jasmine (c) Gao Karacadag

Hinh 1. Hinh 4nh minh hea c4c loai gao dwgc chup theo chiéu ngang

(a) Gao Ipsala (b) Gao Jasmine (c) Gao Karacadag

Hinh 2. Hinh anh minh hea cic loai gao dwoc chup theo chiéu doc

— - 5 3,08
0 0 0 0 0 3,08
1 2,49
S| = ;
0 0 0 0 '
250x250 ol cionr 10,341 0100

Hinh 3. Minh hoa cac bwéc trich xudt mdt dznh gao thanh PDF

Thuc hién twong tu cho 36 anh, ta c6 duge cac Ta gan nhén cho ba loai gao Ips_ala, Jasmine va
PDF duoc cho bai Hinh 4. Karacadag lan Iuot la 1, 2 va 3. Vi 30 dnh cua tap
) huan luyén, ta c6 cac nhén ctia chung dugc cho bai

35 ma tran c6 cap 1 X 30 nhw sau:

S=[1 2 2 3 - 1].

Gia sir ta can phan loai anh lo thugc loai gao
Ipsala. Trudc tién, ta dat ma tran phan vung c6 kich
thudc 3 X 31 nhu sau:

1000 - 1 1/3
uP, =10 1 1 0 - 0 1/3].
0001 - 0 1/3

Trong ma tréan trén, ta c6

* Tir Cot 1 dén Cot 30, s6 1 ¢ vi tri dong g véi

Hinh 4. Ciic PDF duge trich xuit cho 36 dnh gao ma tran § va so 0 & céc vi tri khac.

* Cot cudi ciing ¢ chung gia tri 1/3 & mdi dong

D¢ danh gid hicu qua cua cic phuong phap, (4p (xac sudt tién nghiém xép I, vao ba nhom la nhu

dir liéu duoc chia thanh tap huan luyén va tap kiém

tra voi s6 lugng lan luot 14 30 va 6. Tap huan luyén nhau).
dugc st dung dé xay dung thuat todn va tap kiém tra Thuc hién cac Budc 2.2 va Budc 2.3, sau 7 vong
dung dé danh gia hiéu qua cua thuat toan da xay lap ta co chuin ||u(7) — u(G)” =5,5%107°, nén

dung tir tap huan luyén.
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Budc 2 dugc ding lai. Khi d6, cot cudi cing cia ma
tran phan ving xéac suat U7 co két qua nhu sau:

“1><31 0,9985
l Ilg7x)31 |0 0006
(7) 0,0009

3><31
Két qua trén cho ta x4c suat tién nghiém khi xép

anh I, vao cac nhom gao Ipsala, Jasmine va
Karacadag lan luot 12 0,9985; 0,0006 va 0,00009.

Thict 1ap PDF dai dién cho nhém w; 1a f,,, i =
1, 2, 3 theo cong thtrc (2) va tinh khoang City-Block
cach tir f, dén cac PDF dai dién ciia ba nhém ta c6
cac két qua:
d(fo. f,) = 7,361,
d(fo. f,,) = 148,744,

d(fo f»,) = 123,516.
Khi do, xéc suat hau nghiém khi xép anh I, vao
cac 16p co cac gia tri lan lugt 1a:
fhd(fo'fvl) = 7,349,
4,4 (fo, f,) = 0,090,
a3d(fo, f»,) = 0,112.

maX{ql d(fo fo,)} = qld(fOJﬁfl) =7,349
nén ta xép anh I, vao 10p thur nhat. Nhu vdy, hinh
anh hat gao da duoc xép vao dang loai gidng Ipsala
bang thuat toan dé xuat.

Trong cac bai toan phan loai dé so sanh higu qua
clia cac thuat toan, cac tham s6 nhu xac suat phan
loai diing toan cuc (ACC), chi sb F;, chi sb Precison
va chi s6 Kappa thuong duoc sir dung. ACC c6 gia
tri tir 0% dén 100%, cac chi s6 khac co gia tri [0;1]
v6i 1 1a két qua tét nhat caa phéan loai. Thuc hién
phan loai cho tit ca cac phan tir cua tap kiém tra
bang thuat toan dé nghi véi khoang cach gitra hai
PDF theo cac dinh nghia khac nhau ta c6 Bang 1.

Bang 1. So sanh cac md hinh phan loai cho di¥
liéu ba loai gao

Thuat toan ACC Precision F1 Kappa

dé xuit (%)

Hausdorff 86,25 0,86 0,86 1,00
City-Block 100 1,00 1,00 1,00
Kullback-Leibler 97,25 0,97 0,97 1,00
Jesen Shannon 96,25 0,96 0,96 1,00
Bhattacharyya 91,25 091 0,91 1,00

Bang 1 cho thay thuat toan dé xut cho két qua
kha t6t v6i tit ca cac loai khoang cach. ACC c6 gia
tri thap nhit 1a 86% va cac chi s6 con lai gan bang
1. Trong cac loai khoang cach dugc khao sat,
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khoang cach City-Block cho két qua tot nhat voi tat
ca cac chi so déu toi uu.

5. AP DUNG TRONG PHAN LOAI
THUOC BAN VA KHONG BAN

Nghién clru nay st dung tdp anh c6 tén la
PillsQC trong nghién ciru cua Philipp et al. (2021)
dé thyc hién. Tap dir liéu nay gébm 287 anh dugc
chia thanh hai nhém: thuc khong nhidém ban (Nhém
1) va thubc bi nhiém ban (Nhom
2) véi kich thude anh 225 x 225 pixels gidng nhau
cho tit ca anh. Mau anh thuéc cua hai nhom dai dién
hai loai thudc duoc cho trong Hinh 5.

() Thudc khong nhiém
ban
Hinh 5. M4u anh thuéc nhiém bén va khong
nhiém ban

(b) Thuéc nhiém
ban

Trong ung dung nay, tap dit liéu dugc chia thanh
tap huan luyén va tap kiém tra Véi ty 1€ 1an luot 1a
80% va 20%. S6 luong cu thé mdi nhom duoc cho
boi Bang 2.

Bang 2. S6 lwgng anh cho tap huin luyén va tap
kiém tra ciia m&i nhém

) z Tap huan Ta
Nhém Tong IOIuyc}n kiém trg
Nhom 1 149 122 27
Nhém 2 138 108 30
Tong 287 230 57

Trich xuét 287 anh thanh 287 PDF, ta nhan duoc
Hinh 6.

Hinh vé 287 ham méit dé xac suit.

o 0.1 0.2 03 0.4 0s 06 07 08 0.9 1

Hinh 6. Do thi ciia cac PDF dwgc trich xuit
trong b§ dit li¢u hinh anh PillQC
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Hinh 6 cho théy su chong lap cac PDF dai dién
cho 2 nhém thudc rat I6n. Do do, Viég phan loai c6
thé 1a mét thach thac cho thuat toan dé nghi.
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Thuc hién cac budc cua thuat toan dé nghi cho
cac khoang cach khac nhau, ta nhan dugc Bang 3.

Bang 3. Két qua phan loai ciia thuat toan dé nghi véi cac khoang cich khac nhau

Thuét toan dé nghi ACC (%) Precision Recall F1-score Kappa
Hausdorff 100 1,00 1,00 1,00 1,00
City-Block 94,74 0,95 0,95 0,95 1,00
Kullback-Leibler 77,19 0,77 0,77 0,77 0,57
Jesen Shannon 82,46 0,82 0,82 0,82 0,47
Bhattacharyya 84,21 0,84 0,84 0,84 0,66

Mit du PDF dugc trich xuét tir hai nhom c6 su
chdng 1ap 16n, kho phan biét nhung Bang 3 cho thay
thuat toan dé nghi véi nhitng khoang cach khac nhau
da cho két qua kha tt, trong d6 truong hop khoang
cach Hausdorff cho két qua tot nhat. Chung ta ciing

nhan két qua ti wru véi tat ca cac chi sb trong truong
hop nay. So sanh két qua tét nhit cua Bang 3 vai cac
thuat toan phan loai dya vao hoc may va hoc siu
dang duoc stir dung rong réi, ta c6 Bang 4.

Bang 4. Két qua phan loai cia cac thuét toan cho 2 nhém thudc

M6 hinh phan loai ACC (%) Precision Recall F1-score Kappa
Pé xuat 100 1,00 1,00 1,00 1,00
Fisher 69,00 0,69 0,69 0,69 0,79
Logistic 94,83 0,95 0,95 0,95 0,90
kNNs 75,86 0,76 0,76 0,76 0,49
SVM 98,28 0,98 0,98 0,98 0,96
Trees 74,14 0,74 0,74 0,74 0.48
ENS 89,66 0,90 0,90 0,90 0,79
NB 91,38 0,92 0,92 0,92 0,83
Neural Networks 96,55 0,97 0,97 0,97 0,93
Optimal auto-fit 91,38 0,92 0,92 0,92 0,83
ConvNet 93,10 0,93 0,93 0,93 0,86
SqueezeNet 91,38 0,91 0,91 0,91 0,83
GoogleNet 51,72 0,52 0,52 0,52 0,00
MobileNetv2 94,83 0,95 0,95 0,95 0,90
VGG-19 52,17 0,52 0,52 0,52 0,00
Inceptionv3 98,28 0,98 0,98 0,98 0,97

Vi rat nhiéu phuong phap phan loai duoc thuc
hién cho tap dix Jiéu nay, thuat toan d¢ nghi da cho
nhitng két qua ndi bac vai tat ca cac chi so danh gia.

6. KET LUAN

Nghién ciru da d& xuat mot phuong phap moéi
trong phan loai anh dya trén d6 phan giai ctia chung
duoc trich xuét thanh PDF dai dién. Thuat toan nay
da thé hién dugc wu diém trong so sanh véi nhiéu
phuong phap khac qua mot tap anh cu thé. Vi nhan
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