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ABSTRACT

This study proposes an image classification method based on the
extracted interval features from the gray level co-occurrence matrix with
s improvements. Firstly, each image was represented by a two-
dimensional interval whose values were established from the texture
feature of image. Then, the priori probability for the image was found
based on the fuzzy cluster analysis problem for interval data. Next, the
classified image was measured for its proximity to the groups based on
the overlapping distance of the representative intervals. Finally, based
on the above improvements, a new classification principle was proposed.
The proposed method was detailed and illustrated by the specific set of
images. It was also applied in face recognition, a problem that had many
applications and challenges today. This application showed that the
proposed method had completely correct classification for the training
set while other popular methods had the error rate from 20% to 40%.

TOM TAT

Phuwong phdp phan loai anh dya vao ddc trung khoang duoc trich xudt tir
ma trgn dong hién mirc xdam voi mot so cdi tién g thue hién trong
nghién cutu nay. Pau tién, méi anh duwoc dai dién béi mot khoang hai chiéu
ma cdc giad tri cia no dwoc thiét ldp tw dac trung két cau ciia anh. Sau dé
xdc sudt tién nghiém cho anh dwoc tim dya vao bai toan phan tich chum
mo cho dit liéu khodng. Tiép theo danh can phan loai dwogc do mirc do gan
nhau voi cac nhom dywa vao khoang cach chong lap cia cdc khodng dai
dién. Cubi cung, dya vao cac cai tién trén, mot phirong phap phan logi
méi dwoc dé xudt. Phicong phdp nay dwoc trinh bay chi tiét cdc buée thire
hién va dwoc minh hoa boi mot tdp danh cu thé. N6 ciing dwoc ap dung
trong nhdn dién khuén mdt, mét van dé cé nhiéu vmg dung va thach thire
hién nay. Két qua nghién ciru cho thdy phirong phdp nay da phan logi
diing hoan toan cho tdp hudn luyén trong khi cdc phicong phdp phé bién
khdc c6 ty 1é sai tir 20% dén 40%.

1. GIOI THIEU

Phén loai 1a viéc xép mot phan tir vao mot nhom
thich hop trong cac nhom da duoc biét dua trén cac
bién quan sat cua chung. Pay la mét hudng phat

trién quan trong cua thong ké va khoa hoc dir liéu.
Bai toan phan loai da dugc quan tam tir 1au boi co
rat nhiéu tng dung (Chen et al., 2016; Huang et al.,
2018; Ha et al., 2020). Trong thoi dai thong tin, viéc
phan loai dit liéu ngay cang dong vai tro quan trong
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hon vi n6 1a nén tang cho cach mang sb va nghién
cru V€ tri tué nhan tao (Pham-Gia et al., 2008; Tai
etal., 2021).

Hién nay, co rat nhiéu phuong phap phan loai
dugc d& xuat va ap dung. Theo cac phuong phap
thong ké truyén thong, c6 phuong phap Fisher,
Logistic, Navive Bayes (dwa vao bién roi rac) va
Bayes cai tién (dua vao bién lién tuc). Fisher duoc
xem la phuong phap dwgc dé xuat dau tién. Vé Iy
thuyét, phwong phap nay doi hoi ma tran hiép
phuong sai cia cac tong thé phai bang nhau. Vi dir
liéu hau nhu khong thoa diéu kién nay nén phuong
phap Fisher c6 nhiéu han ché trong thuc té (Fisher,
1938; Tai, 2017). Phuong phap Logistic thuong chi
hiéu qua trong phan loai hai nhém va dit liéu c6 tinh
chat tuyén tinh gitra bién doc lap va bién phan loai
(Kung, 2010; Tai, 2019). Phuong Naive Bayes duoc
dé xuat rat som va van duoc st dung dén nay (Nhu,
2020). Vi hiéu qua thyc t& cia phuong phap nay
khong cao nén ngay nay no ciing it dugc ap dung.
Phuong phap Bayes dua vao ham mat d¢ xac suat
duogc dé xuat bai Pham-Gia et al. (2008) va duoc cai
tién boi nhiéu tac gia sau d6 (Thao & Tai, 2017; Tai
et al., 2021). V& Iy thuyét, phuong phap nay co
nhiéu wu diém, tinh dwoc sai s6 1y thuyét. Tuy nhién,
trong thuc té viéc ap dung né con han ché. Cé hai Iy
do chinh cho van d¢ nay. Dix ligu trong thuc té 1a roi
rac, do d6 dé ap dung phuong phép Bayes trudc tién
ta phai u6c luong cac ham mat do xac sut. Mic du
¢6 rat nhiéu nghién ciru Vé van dé nay bao gom ca
phuong phép tham s6 va phi tham s6, nhung day van
14 bai toan chwa c6 16 giai cudi cung (Miller et al.,
2001; Nhu, 2020). Mot vin dé khac dit ra 1a viéc
xéc dinh x4c sudt tién nghiém cho phuwong phap nay.
Trong cac tng dung hién tai, néu ta khong c6 théng
tin thi tién nghiém déu duoc st dung; néu ta dwa vao
tap huan luyén thi ti 1& theo dong gdp cta cac nhom
hodc phuong phap Laplace dugc su dung (Tai,
2017). Dya vao bai toan phan tich chum mo cho cac
phan tir roi rac, Thao and Tai (2018) da d& xut thuat
toan tim xAc suat tién nghiém. Tai et al. (2019) da
sir dung két qua nay dé dé xuat thuat toan phan loai
Bayes cai tién cho hai tong thé. Mic du thuat toan
cua Tai et al. (2019) da chung minh dugc sy hiéu
qué cho nhiéu tap dit liéu nhung né chi 1a nhiing tap
dit liéu cu thé, khong phai 1a tat ca. Vai ki thuat hoc
may va hoc su, chung ta c6 nhidu phuong phap
phan loai khac nhu Support Vector Machine (SVM),
k-Nearest Neighbor (KNN), Artificial Neural
Network (ANN). Cac phuong phap nay cho két qua
phan loai thuc té kha tét, nhung doi hoi tap dit lidu
I6n va thoi gian doi hoi cho huan luyén nhiéu.
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Trong nhitng nghién ctru trén, cac thuat toan
phan loai chi thyc hién cho d6i tugng 1a nhitng phan
tar roi rac. Vi ddi teong 1a cac hinh anh, cac phuong
phap d& cap chua duoc quan tam nhiéu. Ngay nay,
V6i sy phat trién ctia cac thiét bi chup anh, ghi hinh,
nhu cau phan loai anh dugce doi hoi ngay cang nhiéu.
Phén loai anh 1a sy cap thiét trong nghién ciru lién
quan dén an ninh, tri tué nhan tao va y hoc (Tan,
2011; Pham, 2016). So vai dix liéu roi rac, phan loai
cho dit liéu anh c6 nhidu kho khan hon. Véi dit liéu
anh, chung ta dau tién phai trich xuét duoc nhiing
dac trung cho né dya vao mau séc, hinh dang hoac
két ciu (Zhang & Yan, 2018). Phan Ion cac nghién
ctru trich xuit anh thanh ma tran dé nhan dang va
céc phuong phéap phén loai di st dung cac trich xuét
ndy dé lam dit liéu dau vao. Khi dit ligu 16n, trich
Xuat anh thanh ham mat d6 xéc sut ciing dugc quan
tam (Zhu et al., 2000). Trong nhimg niam gan day,
trich xudt cac dic trung cia anh thanh cac khoang
mét chiéu hoc nhiéu chiéu duoc quan tim boi cac
nha thong ké (Dinh & Tai, 20213, 2021b), c6 nghia
rang, ma tran sb hodac ham mat do xac suht s& duoc
thay thé bang cac khoang trong nhan dang anh. Tuy
nhién, viéc st dung cac khoang dic trung trich xuat
nay chi dugc 4p dung cho bai toan phan tich chum
ma chua dugc ap dung cho bai toan phan loai.

Trong bai viét nay, phuong phap méi dwoc dé
Xuét dé phan loai anh cho hai nhém dya trén khoang
dic trung hai chiéu dugc trich xuat dé tir d6 ap dung
cho tap anh. Thuat toan d& nghi twong ty nhu
phuong phap Bayes, trong d6 xac suét tién nghiém
dugc tim bdi thuat toan phan tich chium md danh cho
dbi turong khoang. Sau khi tim dugc x4c suét tién
nghiém, thuat toan sir dung khoang cach chdng lip
gitra phén tr can phén loai dén phan tir dai dién cua
nhom de do mirc do gan nhau cua ching. Phan tu
dugc xép vao mot nhom nao d6 néu n6 cb xac sut
tién nghiém I6n nhit va c6 khoang cach dén nhom
d6 nho nhat. Thuat toan dé nghi duoc trinh bay chi
tiét timg budce va dugc minh hoa boi vi du s6. N6
ciing duge ap dung trong nhan dang mit nguoi. Ung
dung cho thay wu diém caa phuong phap dé nghi va
tiém nang trong p dung thyc té cia nghién ciru nay.
Chuong trinh trén phan mém MATLAB duoc thiét
lap cho thuat toan nay. Thuit toan nay c6 thé ap
dung cho nhiéu van dé& khac trong thyc té.

2. CAC VAN PE LIEN QUAN

2.1. Khoing cach chong lap

Khi dit liéu 1a cac phan tir roi rac, viéc danh gia
mittc 46 gan nhau cta cac phan tir thong thuong dwoc
do boi khoang cach. Co rat nhiéu khoang cach cu
thé khac nhau dugc st dung trong cac ing dung. Doi
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véi dir liéu khoang, do do danh gia sy tuong tu cua
chum chua dugc quan tdm nhiéu. Khoang cach
thong thuong duoc sir dung la khoang cach Euclide,
khoang cach Hausdorff va khoang cach City-block
(Cabanes, 2013). Cac khoang cach nay danh gia
muc d6 tuong tu cia cac khoang chi dya vao gia tri
hai ddu mat ma khong xem xét mirc do chong lap
giita cac khoang, do d6 chang co han ché trong
nhiéu ap dung. Bé khac phuc han ché nay, khoang
cach chong lap da dwoc dé xut (Dinh & Tai, 2021).

Pit a = [ay,d,], b= [bl,bl] 1a hai khoang p
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trong do

12

_Z|ai -4

pi=

O(a,b) 1a dién tich gifta & va b,
D(a,b)zalem%é[b]{min{dE(a',b')}},

VGi de (a, b) la khoang céach Euclide.

O]

Trong trudng hop mot chiéu, dat

Chi_éu. Khoang cach chdng lap giita ching dwoc cho Ca+4  a-4 b+ 61
boi (1). C, = = ,C, = 5
O(a,b) R
do (a,b)=D(a,b).[1— or +1]’ @ va I, by 2b1 , cong thirc (1) dwoc cu thé boi:
0 O]
21, i
do (a,b)=1c, —c,| (iii)
r,+n—[c, — ¢
(=l - rh)(l‘ 2 +1 J )
‘Ca _Cb‘ - (ra + rb)
_ —r)l1=
(‘Ca Cb‘+ra rh)( 2ra+1 (V)
trong d6 khpéng gjua trén su khac biét cta hai dau mut va su
(i) xay ra khi khoing a nim hoan toan trong €N lap cua hai khoang. Do do, do duoc dinh gia
khoang b:"Ca ¢, " <r -, phu hop hon cac khoang cach Euclide (dg), City-

(ii) xay ra khi khoang b nim hoan toan trong
khoang a:||c, —¢,||<r, -,

(iii) xay ra khi khoang b trung véi a ¢ phia bén
trdiciaa: r, —r, =0,

(iv) xay ra khi khoang b trung v6i a ¢ phia bén
phai cua b: |r, — | <|c, —c,|<r, +1,,

(V) xdy ra khi khoang b khong trung véi a va b
nam bén trai cua a hoac b nim bén phai cua a:

e, —c,| =1, +1,.

_Trong trudng hop p chiéu (p > 2), khoing cach
chong lap dugc xac dinh nhu coéng thirc (3) véi

Tur dinh nghia, ching ta c6 thé thay rang khoang
cach chong lap danh gia muc do giéng nhau cua hai
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block (dc), va Hausdorff (dn).

2.2. Trich xuét khoang hai chiéu dic trung
cho anh

Ma tran dong hién mirc xam (GLCM) cua anh
f(x, y) co kich thuéc M x N va c6 G muc do xam la
ma tran hai chiéu P c6 kich thuéc G x G . Mdi phan
tir p(i, j) ctia ma tran thé hién tan suit xay ra cing
gia tri cuong do sang cua i va j tai khoang cach d va
mot goc g xac dinh.

Cong thire tinh gid tri cu thé cho phan tir (i, j)
duoc thé hién bai:

Pag(i,j) = {(x, ), (x",y") EM x N|d = [|(x, y), (", ¥},
0=(Cey) (" y)) fay) =i f(x,y) =] )

Dua vao GLCM, dég diém dac trung két C‘éu cua
mot anh sé duoc biéu dién bai khoang hai chiéu sau:

[,ux—r1/2,,ux+r1/2],[,uy—r2/2,yy+r2/2}, ®)

trong d6 r1 va Iz 1a cac s6 NGau nhién v6i phan phoi
chuan trong [0;1],



Tap chi Khoa hoc Trirong Pai hoc Can Tho

(L ol _ L[ 15 ool (6)
ﬂx:’\Tz WZ(I)de(IIJ) vﬂy:WZ N*Z(l)pde(lxl) !

y i x i y i x i
voi Ny va Ny 1a kich thuéc cia GLCM va p,,(i, j)
duoc xéc dinh boi (4).

3. THUAT TOAN PE NGHI

Cho N anh Iy, I, ..., In cia k nhom wi, i = 1, 2,
..., kva anh can phan loai lo. Thuat toan phan loai
anh lo & nghi gom cac budc sau:

Buéc 1. Trich xuat N anh caa k nhom w; va anh
lo can phan loai, sir dung cong thirc (4), (5) va (6) dé
c6 N + 1 khoang. Dit a; 1a khoang dai dién cho anh
thiej,j=1,2,...,N+1.

Buéc 2. Tinh tirng d6i khoang cach chdng 1ap do;
gitta mdi nhom j va anh méi bang cong thirc (7).

d; =maxd, (a,ay,y), )

trongdoi=1,2, ..., k. Sau d6, chuén hoa tap doj trén
[0 1] dé c6 ro;.

Budc 3. Tinh xéac suat tién nghiém boi cac budc
sau:

Buwoc 3.1. bat t = 0 va thanh 1ap ma trén phan
chia ban dau U® = [u;;]xx(v+1) trong d6 N cot dau
tién duoc trich xudt tir dit liéu tap huan luyén da biét
voi p;; = 1 néu hinh tht j thude vé wi va p;; =0
cho truong hop nguoc lai. Cot con lai dugc chon boi
phan phdi déu.

Buwéc 3.2. Cap nhat phan tir trong tam bai (8).
N+l o
Vi(t) _ zj:,j Hij aj (8)
Z j=1 'uiJ? ’
Buwéc 3.3. Cap nhat ma tran phan chia méi, trong
d6 mdi phan tir duoc tinh bai (9).

(a) (b) I» (c) Iz

"

(o) Iy (h) I3 (i) Iy

S IR b

(m) 733 (n) 714 (o) 115

S SN
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+ 1
D = )

Zikzl(do (vi.a, )) / (do (vi.a, ))k

Buwéc 3.4. Lap lai Budc 3.2 va Budc 3.3 cho dén
khi ”U =D _yo " <&, trong d6

"U (t+1) _U(t)" _ maxij |ﬂi§t+1) _,ui?) ]

Khi két thuc Buéc 3, ching ta nhan dugc xac
suat tién nghiém o cia hinh anh méi thong qua cot
cudi cing cua ma tran phan chia. Trong cac budc
nay, gia tri & cang lon thi so vong ldp cang it va
nguoc lai. Trong bai viét nay,e = 0,0001 duogc
chon.

Buéc 4. Tinh xac sut hau nghiém dé phan loai
anh I, bai cong thire (10).
Jo; =:u0j(1_r0j)' (10)

Budc 5. Phan loai hinh anh I, bang nguyén tic
sau. Néu max{go} = goc thi anh 1, s& duoc xép loai
vaonhémwg, c=1,2, ..., k.

Chung ta co thé thay rang phuong phép phan loai
nay tya nhu phuong phap Bayes. Mot anh dugc
phén loai vao W, néu nd c6 xac sudt tién nghi¢m

I6n nhét va khoang cach dén W, nho nhét.

4. ViDU MINH HOA VA AP DUNG
4.1. Vidu minh hea

Dé minh hoa cac thuat toan dé nghi, mot tap anh
nho gdm 18 anh X-quang phdi trong d6 c6 12 ngudi
khong bi nhiém Covid -19 va c¢6 6 ngudi nhiém
Covid-19 duoc thyc hién. Tap anh nay duoc ldy tur
ngudn mé: website http://www.kaggle.com. Céc tap
anh nay dugc cho béi Hinh 1.

o il AN

(d) Iy (e) Is ) Ig

() Io (k) I, M Iz

.

(p) 5e Q) Iy (r) I1ig

Hinh 1. T4p anh phdi cha nhirng nguoi bi nhidém va khéng nhiém Covid-19
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Trong Hinh 1,14, 15, ..., 112 15}1 cac anh phéi khépg khoang a1, ay, ..., ais. Cac khoang nay duoc cho bai
nhiém Covid-19, cac anh phoi con lai bi nhiém Hinh 2.
Covid-19. Trich xuét 18 anh cua hai nhom, ta ¢6 céc

TAa

s

G5

[ntervel variahle 2
o

3 35 4 4.5 5 55 B 6.5
Interval variable 1

=l
=

n

Hinh 2. Cac khoang dic trung cho 18 anh

L4y mot anh lo ciia ngudi bi nhidm Covid-19 dé o {1 111111111110000°0 o}
1

d6 ta co cac ket qua sau:

— Tinh ting d6i khoang cach tir ap dén cac Sau 4 vong 1ap ta c6 ma tran xdc suat U® nhu
khoang s, @, ..., ais va ap dung (7) ta co sau:
dor =1,741: dop = 0,079. U® :{0,971 0,967 0,956 .. 0,022 0,025 QOZO}
_ Thiét |ap ma tran phén chia ban dgu uo-: 0,029 0,030 0,044 .. 0,978 0,075 0,980

Két qua nay duoc minh hoa béi Hinh 3.

o5

Probabilty

o 2 4 (=] =] Ao a1z 14 a5 s 20
Cluster 1

Probabilty
o
m

o =2 4 (=3 s 10 12 14 16 18 20
Cluster 2

Hinh 3. Xic suit thugc hai nhém ciia 18 anh

Cot cudi cung cia ma tran nay ¢6 gia tri 0,020 4.2. Ap dung
va 0,980. Cac gia tri nay chinh la xac suat tién

nghiém dé xép lo vao mot trong 2 nhom wy va w. Trong phan nay, phuong phap dé nghi dugc dp

dung dé nhan dang mat nguoi. Tap di liéu gom c6
Ta ¢6 g = 0,124 va g2 = 0,877. Boi vi 240 anh caa 12 I6p, moi ngudi c6 20 anh cé kich

max{Qoz, 9oz} = 0,877 nén I, duoc xép vao nhém w. thudc giéng nhau. Mot s6 mau anh cia 12 nguoi
Nghia la lp dugc xép vao nhom ngudi bi nhiém dugc cho boi Hinh 4.
Covid-19.
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T1

T4 Ts

Hinh 5. Tap kiém tra véi 5 anh

Trong nghién ctru nay, 235 anh duoc st dung
lam tap hqén luyén va 5 anh dugc cho boi Hinh 5
lam tap kiém tra.

Ta tién hanh trich xudt 240 anh thanh 240
khodng hai chicu ddc trung. Ap dung Budce 3 dé tim
xac suat tién nghiém cua 5 anh tap kiém tra, sau 49
vong 1ap ta nhan dugc ma tran sau:

0,9155 0,0000 0,0724 0,0726
0,0003 0,0002 0,0625 0,0640
0,0000 0,0201 0,0060 0,0061
0,0001 0,0013 0,0190 0,0194
0,0004 0,0002 0,0877 0,0899
0,0000 0,0004 0,8190 0,0194
0,0000 0,0201 0,0060 0,0061
0,0000 0,0201 0,0060 0,0061
0,0000 0,9547 0,0073 0,0074
0,0001 0,0009 0,0220 0,0225
0,0807 0,0000 0,0705 0,0704
10,0026 0,0001 0,5969 0,5909

0,0719]
0,0592
0,0057
0,0182
0,0827
0,0182
0,0057 |
0,0057
0,0070
0,0210
0,0322
0,6107 |

9 =

Két thiic qua trinh phén loai, nhitng két qua sau
s& dugc ghi nhan:

— Xd4c sudt tién nghiém: 0,9155; 0,9547;
0,5969; 0,5909 va 0,6107.
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—  Céc két qua phan loai:
* T; thuéc nhém 1.
* T, thudc nhém 8.
* {T3, Ta, Ts} thudc nhom 11.

—  Sai sb thuc nghiém: 0,00 vi khong c6 phan tir
nao phan loai sai.

So sanh phuong p}lflp’dé nghi véi cac phuong
phap duoc st dung phé bién hién nay ching ta nhan
duoc Bang 1.

Bang 1. Sai IAm thwc nghiém cia cac phwong
phap trong nhan dang khuén mit
Sai s6 thy

Phwong phap nghiém
Linear Discriminant Analysis (LDA) 0,20
Quadrartic discrimnant analysis (QDA) 0,20
Naive Bayes 0,20
Fisher 0,40
SVM 0,20
D& nghi 0,00

Bang 1 cho thiy két qua ctia cac phuong phap dé
nghi rat ndi bat véi sai 1am thuc nghiém bing 0,
trong khi cac phuong phap khac déu co sai 1am tir
20% dén 40%. Day 1a su khac bidt co ¥ nghia ma
phuong phap dé nghi da dat duoc qua tap anh nay.
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Nhan dang khuén mit 1a nén tang quan trong c6 thé
ap dung cho rat nhiéu van dé cy thé cua thuat toan
vi vy nghién ctru nay c6 thé trién khai tiép theo cho
nhiéu van d& thyc té khac.

5. KET LUAN

Phén loai anh c6 rat nhiéu tng dung trong cac
cong nghé, trong thyc té ngay nay. Mic dii nhan
dugC sy quan tam rat 1on cua cac nha khoa hoc,
nhung cho dén nay n6 van con rat nhiéu thach thirc.
Dua trén y tudng cua phuong phap Bayes danh cho
dir liéu roi rac, ngh1en cru nay da dé xuat mot
phuong phap méi trong phan loai dir liéu anh khi
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