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TOM TAT

Trong bai bdo ndy, nhém tac gia tiép can mot phuwong phap trich xuét dic trung cho bai
toan tim kiém anh twong tu trén co s& d6i sanh véc-to dic trung cia hinh anh. Dé thuc hién
duogc van dé nay, cac ky thuat trich xuit dic trung dwoc dé xudt gdm: K§ thuét phan ving anh
dwa trén d6 twong phan; k¥ thuét trich xuét dudng bién dbi tuong dwa trén phuwong phap LoG
(Laplace of Gaussian); phuong phép trich xudt cdu tric bé mit anh dwa trén cac phép loc va
trich xuét dic trung mau sic dua trén k§ thuat phan cum cac diém anh theo cuong do mau.
Trén co sé cac dac trung nay, ching t6i trich xuit véc-to mo ta cho ndi dung hinh anh theo
dac trung vi tri, mau sac, hinh dang. Tir 46, mdt phuong phép tim kiém anh dwoc thuc hién dé
tim ra cac hinh anh twong tu v6i mot anh truy van cho trude. Dé minh chimg cho 1y thuyét dé
xuat thue nghiém dugc xay dung trén bo dit liéu anh COREL, Wang va so sanh véi cic cong
trinh khac cung bo dit lidu dé danh gia do chinh xac cua phwong phap dé xuét. Két qua thuc
nghiém cho thiy phwong phép trich xuét dic trung hinh anh duoc &p dung cho bai toan tim
kiém anh twong tu ciia chiing toi 1a hiéu qua.

Tur khéa: Véc-to dac trung, phan doan anh, Laplace of Gaussian, tim kiém éanh.

1. TONG QUAN

Sy phét trién ctia cong nghé anh sé lam cho dir liéu da phuong tién gia ting nhanh theo
thoi gian. Trong nhimg nim gan day, theo thong ké ciia IDC dir liéu anh s6 trén thé gidi tang
1én véi con s khong 16, chang han trung binh mdi ngay Facebook, Flickr, Photobucker co
hang chuc triéu anh s dugce dang tai. Vi vay, bai toan tim kiém anh duoc nhiéu nha khoa hoc
quan tam. D¢ giai quyét bai toan nay, cac hé tim kiém anh ra doi nhu Google Image Search,
Bing, MSN, Yahoo, v.v. Cac h¢ thong nay cho phép nguoi dung truyén vao anh can truy vén,
hé thong thuc hién tim kiém va tra két qua la tap anh tuong ty vdi anh dau vao. Bén canh do,
mot s6 cong cu tim kiém anh nhu Tilttomo, ByolmageSearch, v.v cho phép ngudi dung co thé
nhap yéu cau truy van dudi dang hinh anh [1, 2].

Hién nay, c6 nhiéu phuong phap tim kiém anh théng dung gdm: Tim kiém anh theo tir
khoa TBIR (Text Base Image Retrieval); tim kiém anh theo ndi dung CBIR (Content Base
Image Retrieval) va tim kiém anh theo ngit nghia SBIR (Semantic Base Image Retrieval).
Trong do, tim kiém anh theo ndi dung can phai trich xuat truc tiép ddc trung tir ndi dung hinh
anh dé thyc hién tim kiém tap anh tuong tu [3, 4]. Trong bai bao nay, nhom tac gia thuc hién
trich xuét dic trung theo mau sic, vi tri va bé mit (101 tuong nham thyc hién tim kiém anh
twong tu tor mot bd dir li€u cho trude. Viée trich xuat dic trung nay dugc dua trén ky thuat
phan ving anh dya trén d6 twong phan, k¥ thuat trich xuat duong bién dbi tuong dua trén
phuong phap LoG (Laplace of GaUSIan) phuong phap trich xuét cdu tric bé mat anh dya trén
cac phép loc va trich xuét luge d6 mau dya trén k¥ thuat phan cum cac diém anh theo mau sic.
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Viéc tim kiém anh bang véc-to ddc trung la mot trong nhimg phuong phap tim kiém
nhanh nham giam chi phi vé b6 nhé xtr 1y va thoi gian d6i sanh anh, trong d6 mdi hinh anh
duoc trich xuét mot véc-to dic trung dé danh gia do tuong ty gilra cac hinh anh. Véc-to dic
trung ctia hinh anh dugc trich xuit dira vao do twong phan, mau sic, két cAu bé mat, hinh dang,
vi tri twong ddi, v.v [5]. Nhimng cong trinh cong bd gan day dbi voi viée trich xuét dic trung
hinh anh dugc tap trung chu yéu vao mot trong cac ky thuat nhu: Ky thuat phan vang anh dwa
trén d6 tuong phan, mau séc, duong bién ddi tugng, cac phép loc, v.v. Trong bai bdo nay,
chung t6i thuc hién cac trich xuét dic trung twong tu cic cong trinh da co, tuy nhién mdi dic
trung chung t6i cai tién thuat toan trich xuét nhu: Trich xuét ddi twong dya trén d6 tuong phan,
trich xuét duong bién dbi twong dua trén phwong phap LoG, trich xut cau triic bé mit anh
dua trén cac phép loc Sobel, trich xuét dic trung mau dya trén k¥ thuat phan cum cac diém
anh theo cudng d6 mau séc, v.v. Mot s6 cong trinh lién quan vé trich xuét dic trung hinh anh
da dugc cong bd nhu sau:

Madhavi (2018) [5] str dung giai thut di truyén két hop bo loc Gabor cho bai toan truy
van anh. Trong cong trinh nay, tac gia de xudt mot giai thuat lai cho hé truy van anh theo ndi
dung CBIR. Dé trich xuit dic trung két ciu thay vi chi sir dung bo loc Gabor truyén thong, tac
gia di str dung 4 bd loc Gabor va giai thuat di truyén dé trich xuat dic trung anh theo céac
huéng. Két qua thuc nghiém cta cong trinh 14 cai thién dang ké hiéu sudt va do phirc tap tinh
toan. Thuc nghiém cua phwong phap dé xuit dwoc danh gia trén bo co sé dit liéu Wang véi
500 hinh anh thudc 5 phan 16p va thu duoc két qua kha quan vé hiéu suét truy vén.

Kao va cong su (2010) [6] da thyc hién mot cong trinh nhan dang mat nguoi dua vao
véc-to dic trung duoc trich xuat theo do twong phan giita cic ving trong hinh anh. Trong cong
trinh nay, tac gia thyc hién phuong phap tang cuong do tuong phan cuc by LCE (Local
Contrast Enhancement) cta hinh anh dau vao két hop véi lua chon dic trung va thay déi s6
chidu cua véc-to dic trung cia ting ving 1am co s& cho qué trinh phan 16p dit liéu bang k¥
thuat SVM (Support Vector Machine). Nhém tac gia ndy da thue nghiém dé ching minh tinh
hiéu qua cua phuong phap dé xut trén bd dir liéu mat ngudi Yale, Yale B va Yale EB.

Singh (2011) [7] da sir dung mot thuat todn do canh Sobel va d§ do ma tran khoang cach
dé thyc hién tim kiém anh twong tu. Thuat todn do canh Sobel dugc sir dung dé tao anh theo
dudng bién, tir d6 trich xuat ddc trung anh, d6i sanh va tim kiém anh twong tu. Két qua thuc
nghiém cho thdy voi phuong phap nay da cho két qua truy van anh 1 kha thi.

Bagrl & Johari (2015) [8] da thuc hién mdt phuong phép trich xuét véc-to dic trung anh
dwa vao cdu trac bé miat va hinh dang dé ap dung cho bai toan tim kiém anh tuong ty. Trong
cong trinh nay, tac gia di thyuc hién k¥ thuat chuyén anh mau thanh anh xam, trich xuat véc-to
dac trung cda hinh dang va két cAu bé mit anh dua trén cac gia tri ty 1€ do twong phéan va cac
gia tri moment bat bién, tir d6 cac dic trung nay dugc két hop dé thyuc hién tim kiém anh tuong
tu dya trén d6 do Euclide. Két qua thuc nghiém trén bd anh véi cac chu dé khac nhau da thu
duogc két qua kha quan. Tuy nhién, phuong phap nay chua két hop cac dic trung vé mau sic
va vi tri dé nang cao hiéu suét truy van anh.

Varlsh & Pal (2016) [9] da thuc hién mét phuong phap truy vén anh dya vao dic trung
mau sic va két cdu cta anh sb. Cac dac trung anh duoc trich xuét dya trén khong gian mau
HSV sau khi nang cao chat luong anh bang bd loc Laplacian. Trong cong trinh nay, tic gia
trich xuat dic trung mau sic theo thanh phan mau Hue (H), do bio hoa Saturation () va thanh
phan gia tri mau Value (V). Tur do, tac gia két hop dic trung két ciu theo ma tran dong xuét
hién cap do xam GLCM (Gary Level Co-occurrence Matrix) va phép bién doi DWT (Discrete
Wavelet Transform). Tac gia da thuc nghiém trén bd dir liéu gdm 1000 anh khac nhau va chia
theo 10 nhém chu dé, mdi nhém chira 100 anh kich thudc 256x384. Trong phuong phép nay,
d6 do Euclide dugc su dung dé thuc hién so sanh do tuong déng cuia cac hinh anh va két qua
thuc nghiém thu dugc véi do chinh xac kha cao.
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Al-Jubouri, H. A. va cong sy (2019) [10] da két hop véc-to dic trung mau sic va két cau
anh str dung cho bai toan truy van anh. Trong cong trinh nay, nhom tac gia da nhén dinh
khoang cach ngir nghia (Sematic Gap) giita dic trung cip thap cta hinh anh va ngir nghia cp
cao trong truy van anh 1a mét thach thirc 16n. Nhom tac gia két hop ma tran dong xuat hién
cap dd6 xam GLCM, mau nhi phan cuc bo LBP (Local Binary Pattern) va phép bién d6i DWT
dé thyc hién trich xuét véc-to dic trung. Thyc nghiém cia bai bao dugc thuc hién trong khong
gian mau HSV va YcbCr trén bo anh Wang.

Rohit Raja va cong su (2020) [11] d4 thyc hién mot phuong phap tim kiém anh tuong tu
dya vao da ddc trung cua hinh anh sir dung ving dac trung ROI (Region of Interest) theo mau
sdc bang phép loc Sobel va Canny. Két qua dau ra cia giai doan nay duoc tiép tuc phan ving
trong khong gian mau HSV. Bé thyuc hién phan 16p anh, tac gia sir dung mang no-ron theo
nhan dugc gan. o do tuong tu dugc sir dung dé so sanh su tuong déng gitta 2 hinh anh gém:
Do do Euclide, Chebyshev, Hamming. Két qua thuc nghiém trén bo anh COREL-1k, COREL-
5k da cho d6 chinh xac la 87,33%. Tuy nhién, cong trinh nay chi méi stt dung dac trung mau
sdc két hop voi bd loc Sobel va Canny, chua Kkét hop dugc da dac trung nhu hinh dang, két
cAu hinh anh két hop nhiéu bd loc khac.

Lili Han va cdng su (2020) [12] thuc hién cai tién thuat toan do canh Sobel, trong do
tang s6 chidu do canh tir 2 1én 8 hudng, sau d6 thuc hién khir nhidu cho cac trudng hop mau
anh dic biét. Két qua thyc nghiém cho théy viéc cai tién thuét toan do canh trong trich xuét
dac trung anh da nang cao d6 chinh xac cho bai toan tim kiém anh twong tu. Thuat toan do
canh Sobel cai tién dd nang cao k¥ thuét trich xuit dic trung anh so véi phép do canh Sobel
truyén théng. So sanh vdi cac phép do canh truyén thdng thi két qua thuc nghiém cua phuong
phap dé xuit 1a kha quan.

Amel H Abbas va cong su (2020) [13] da thyuc hién phén 16p hinh anh la ngd béng
phuong phép gom cum k-Means dwa vao cudng do mau séc dé xac dinh ty 16 phan trim coa
ving anh. Trong cdng trinh nay, tac gia sit dung phuong phap phan doan theo ty 1€ bi anh
huéng cua 14 ngd theo 3 giai doan: Phan 16p anh bang k-Mean; Phan doan anh bang ngudng
mau; Udc tinh viing anh bi anh huong. O déy, tac gia st dung cac khong gian mau khac nhau
nhu RGB, HSV, YCbCr va CIE-L*a*b* cho qua trinh phan doan va phan 16p anh dé xac dinh
ty 1¢ viing bi anh huong. Két qua thuc nghiém cho thay viéc phan doan ngudng mau theo k-
Means dat hiéu qua cao trong viéc xac dinh ty 1€ bénh trén 14 ngo, dac biét trong khong gian
mau HSV. Tuy nhién, cdng trinh chua thuc hién cac phép do canh nham phan loai hinh anh
theo ty 1€ mau.

Ttr phan tich cac cong trinh lién quan cho thiy mé hinh truy van anh dya trén véc-to dic
trung duoc danh gia 1a kha thi va hiéu qua. Trong bai bdo nay, chung t6i tiép can theo phuong
phap trich xut véc-to dic trung theo nhiéu k¥ thuat khac nhau dé thuc hién tim kiém anh.
Cubi cting chiing ti thyc nghiém trén bd dir liéu anh COREL, Wang dé minh chimg cho mé
hinh tim kiém anh twong tu dua trén cac k¥ thuét trich xuat véc-to dic trung 1a hiéu qué

DBong gop cua bai bao gom: (1) Trich xudt ddc trung cap thap cta hinh anh bao gbm dic
trung mau sic, vi tri va cau tric be mat anh trén co s cai tién cac thudt toan vé phan ving anh
dwa trén do tuong phan, trich xuat duong bién ddi twong, trich xuat ciu tric bé mat, phan cum
c4c diém anh theo cuong d6 mau sic; (2) Pua ra phuong phéap két hop cac k¥ thut trich xuat
dic trung cap thap dé tao véc-to dic trung cho hinh anh; (3) D& xuat mo hinh tim kiém anh
twong tu dua trén véc-to dac trung da trich XUt; (4) Xay dung thuc nghiém tim kiém anh
tuong ty dya trén véc-to da dic trung va so sanh véi mot sé cong trinh cung bo dit liéu.

Céc phan con lai ctia bai bao gom: Phan 2 trinh bay co s¢ 1y thuyét; Phan 3 xay dung mo
hinh truy van; Phin 4 thuc nghiém tim kiém anh twong tu duwa trén véc-to da dic trung; két
luan va huéng phét trién tiép theo dugc trinh bay trong Phéan 5.
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2. COSO LY THUYET
2.1. Phan doan anh

Viéc phéan doan anh mau dugc thyc hién bé‘mg cach phan chia hinh anh thanh cac vung
riéng biét nhau dé tir d6 trich xuit dic trung trén mdi ving [14-17]. Bé thuc hién duoc diéu
nay, ching t6i dé xuit phuong phap phan ving dua trén do tuong phan, nghia 1 ving nao co
d6 twong phan thip 13 hinh nén va ving nao c6 do twong phan cao 1a hinh déi twong. Tuy
nhién, viéc phan biét hinh nén va hinh déi tuong s€ bi nhap nhﬁng trong mot s6 hinh anh co
xu hudng nguoc lai nén ching toi sir dung 2 loai anh dbi xtng nhau gitta hinh nén va hinh déi
tuong. Thuét toan phan doan anh dugc mo ta nhu sau:

Thuét toan phan doan anh (SEGI)
Piu vao: Anh mau I, ngudng d6 twong phan 0

Piu ra: Anh phin doan Segl,iSegl

Begin
Foreach (P(x,y)e1) do
Setpixel (Segl, x, y) =(0,0,0) ;
Setpixel (i Segl, x, y) =(0,0,0) ;
EndForeach
Foreach (P(x,y) e I )do
Intensy = (p.R+ p.G+ p.B)/3;
If Intensy > @ )then
Setpixel (Segl, x, y)=(p.R, p.G, p.B);
Elself
Setpixel (iSegl, x, y) =(p.R, p.G, p.B) ;
EndIf
EndForeach
Return (Segl,iSegl );
End.

Két qua phan doan anh 607.jpg bo flower tap anh COREL theo thuat toan SEGI minh
hoa nhu Hinh 1 va 2.

(b)

Hinh 1. Mot két qua tao mét na phan doan dua trén do twong phan
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(b)

Hinh 2. Mot két qua phan doan anh mau

(d)

Trong Hinh 1, thuat toan phan doan tao ra hai mit na cho anh dbi twong va anh nén dé
lam co so cho viéc phén doan anh. Trong thyc nghiém, ching t6i sir dung ngudng d6 tuong
phan 6 1a 0.5 trong mién gia tri [0..1]. Dé lam giam d6 nhidu cac ving qua sang hodc qua t61i,
mot s6 diém anh nam trong lan can cua gia tri on nhit va gi4 tri nho nhét cia do tuong phan
thi duoc quy vé gia twong mg. Két qua phan doan tao mit na cho dbi twong tai Hinh 1 gom:
(a) anh gdc, (b) anh mé ta do twong phan, (c) mit na cta ving dbi tuong, (d) mit na cua ving
anh nén.

Trong hinh 2, cac anh phan doan dugc tao ra dua vao thuét toan SEGI tuong trng véi hinh
dbi tuong va hinh nén. Viéc tao ra cac anh phan doan nay dua trén cac mat na phan doan dé
tur d6 tinh duogc dién tich va cac vi tri tuong ddi cua cac vung déc trung cia hinh anh. Trong
hinh 2 c4c anh duoc tao ra gdm: (a) anh gdc, (b) anh md ta do twong phan, (c) anh ddi tuong,
(d) anh nén cua dbi tugng.

2.2. K¥ thuit do bién di twong

Phuong phap do bién dbi twong LoG dugc ap dung cho anh mau va bét bién dbi voi su
bién d6i cuong do anh ciing nhu bat bién ddi voi cac phép bién ddi ti 18, phép quay, phép bién
d6i affine [18-21]. Vi vay, chung toi tiép can phuong phap do bién dbi tugng dua trén phuong
phap LoG va 4p dung cho anh mau. Phép bién doi Gauss theo hé thong thi giac clia con nguoi

cho anh 1(x,y) nhu sau:

L(x,Y,55) =%[6XG(5D)*Y(X, Y)+2xG(S,)*Ch(X, y) +2xG(d,)*Cr(x, y)] Q)

Véi Y, Cb, Cr lan luot 1a cac ma trdn mé ta cuong do sang, thanh phﬁn mau xanh
duong, mau dé trong khong gian mau YCbCr ; §, 1a gid tri vi phan; phép toan * 1a tich chap
(convolution); (x,y) 1a toa d diém anh; ham Gauss G(5,) trén khung ctra s6 hinh vudng c6
canh W dugc mo ta nhu sau:

a’ +b?

G(5,) = Ji ey ) @

v6i a,be[-W/2,W/2]

Cuong d6 déc trung 1,(x,y) cua anh mau dugc tinh theo cong thirc sau:

1,(X, Y) = Det(M (x, .3, 5,)) ~aTr* (M (x.Y.5,.6,)) ®)

Trong do6: Det(A),Tr(A) lan luot 1a dinh thirc va vét clama trdn A o 13 hé sd ty 1€ trong
doan [0, 1], 6, 1a gia tri vi phén, M(X,Y,d,,5,) 1a ma tran moment béc hai dugc mo ta:
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(&(x, Y, 5.3))2 ( SLK.Y.0p)  SL(.Y, 5.3))
OX OX oy
M(Xny15|’5o):5|§XG(5|)* 2 4)
OL(X,Y,6p) o OL(X,y,6p) oL(X,y,6p)
( OX oy ] ( oy j

Céc diém dic trung cua anh mau duogce rit trich theo cong thirc:
1,06 ) > 1,(X',y) (5)
lh(x,y) =6 (6)
v6i (x',y") la cac diém lang giéng cua (x,y), @ 1a gia tri ngudng.
Thuét toan do bién ddi twong dwa trén phuong phap LoG dwoc mé ta nhu sau:
Thuit toan do bién ddi twgng (BORI)
PAu vao: Anh |, ngudngé, hé sb ty 1€ 6,6 -
Piu ra: Tap cac diém bién O, ={o},0?,...,0'}.
Begin
0,=9,
Foreach( pe1)do
Pyeocr = ConvertToYchCr(p);

L(x,Y,55) :%[GXG@D)*Y(X, Y)+2xG(S,)*Cb(X, y)+2xG(d5)*Cr(x, )I;

lo(X,Y) = Det(M(x,Y,68,,65)) —aTr*(M(x,Y,6,,5,)) ;
If(1,(x,y) =6 )Then

0,=0, U{l};
EndlIf

EndForeach
Return O, ;

End.

Két qua do bién dbi tugng anh 607.jpg bd OCREL dya trén phuwong phap LoG theo thuat
toan BORI minh hoa bo1 Hinh 3.

(b)
Hinh 3. Mot két qua do bién ddi tugng theo phuwong phap LoG

Trong Hinh 3, mot két qua do bién dbi twong duge thuc hién theo thudt toan BORI, két
qua la mdt duong vién xung quanh cac doi tugng dac trung. Tur két qua nay, cac déc trung cta
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ddi tuong dugc trich Xuét gém chu vi d6i tuong, vi tri tuong ddi cua cac duong vién. Hinh 3
bao gdm: (a) anh goc va (b) anh bién doi tugng.

2.3. Phép loc Sobel

Dé nhan dang ddi trong dua trén bién va bé mat nhu cac cong trinh da thuc hién trong
[12, 22], chung t6i str dung phép loc Sobel, trong d6 mat na phép loc duoc dua trén cong thirc
sau:

Af ~ |(z7 +22,+29) — (2, +22, + 23)| +|(z3 +22,+124)— (2, +22, + 27)| (7)

Mat na phép loc duoc tao ra dya trén cong thire (7) la:

Z1 | Z2 | Z3

Zy | Z5 | Z5

Z7 | Zg | Zg

Dé thuc hién do canh chung t6i st dung 2 phép loc véi 2 ma tran sau:

12111701

ofo(0(-2]0]|2

112111011

Mot két qua do canh va bé mat dbi twong dua trén phép loc Sobel cua anh 607.jpg bd
flower tap dir liéu COREL dugc mo ta trong Hinh 4, tir d6 cac dac trung vé dién tich, mau sic,
vi tri tuong dbi duogc trich xuét. Viéc thuc hién nay nham bu trir sai s6 cua viée phéan doan va
trich xuat dudng bién dbi tugng truée d6. Hinh 4 gdm: (a) anh gbc, (b) anh bién va bé mat ddi
tugng.

(b)
Hinh 4. Mot két qua do tim d6i twong dua trén phép loc Sobel

2.4. Thuit toan trich xuit mau

Dé gia ting do chinh xéac khi d6i sanh hinh anh qua dic trung cip thap, cac mau sic chi
dao cua hinh anh dugc trich xuat. Poi voi dac trung mau sac, moi di€ém anh dugc gom cum
theo cac mau sac co ban cua didy mau Newton (Red, Green, Blue, Yellow, Orange, Purple)
[23-26]. Vi vay, moi diém anh la mdt véc-to dir li¢u trong khong gian RGB va thuc hién gom
cum theo thuét toan k-Means dya trén 6 cum cua cac mau Newton. Thuat toan k-Means &p
dung trong trudng hop nay duge md ta nhu sau:
Thuét toan trich xuit mau (KMEC)
Piu vao: Anh mau |
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Piu ra: Luoc dd mau H

Begin
For (i=1; i<n; i++) do HJ[i]=0;
EndFor
Foreach (P(x,y) e 1) do

D, = min{Euclide(p, C(Newton));
H[k]=H[k]+1;
EndForeach
For(i=% i<n;i++)do H [IJ =H [i]/sum(H [i]) :
EndFor

Return H ;
End.

Két qua trich xuat ddc trung mau sic co ban Newton cua cac anh theo thuat toan MEC

H =(0.0047544713,0,0,0.5878914023,0.2229602195, 0.1843939069)

Hinh 5. Véc-to dic trung anh gdc

H =(0,0,0,0,0.6583318011,0.3416681988)

Hinh 6. Véc-to dac trung anh Texture

H =(0.0046039053,0,0,0.2167010636,0.3125099222, 0.4661851087)

Hinh 7. Véc-to dic trung anh ddi turong

H =(0.00712767,0,0,0.8813380443,0.0056440141,0.1058902705)

Hinh 8. Véc-to dic trung anh nén ddi twong
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2.5. Phwong phap trich xuit Véc-to' diic trung hinh dnh

Trén co s& cac thuat toan trich xuit dic trung di mo ta, chung toi thuc hién tao véc-to
dac trung cho moi hinh anh bang cach két hop cac thuat toan trén. Qua trinh két hop dugc thuc
hién theo cac budc nhu sau:

BurGe 1: Lay anh theo d6 twong phan dé thiét 1ap mau dbi twong va mau nén

Burée 2: Lay dic trung dién tich ving anh phan doan

Buoc 3: Tinh déc trung gia tri ky vong theo truc X va Y ctia anh phan doan

Buoc 4: Tinh dic trung d6 1éch chuén theo truc X va 'Y cua anh phéan doan

Bude 5: DO bién va tinh chu vi dbi tuong theo phuong phap LoG

Buée 6: Tinh gié tri ky vong theo truc X va Y ctia duong bién doi tuong

Buoce 7: Tinh gia tri d6 1&ch chuén theo truc X va Y cta duong bién dédi tuong

Buée 8: Lay cau trac van anh theo phép loc Sobel

Bude 9: Tinh gia tri dién tich vung theo van anh.

Budce 10: Tinh gia tri ky vong ctia van anh theo truc X va 'Y

Budc 11: Tinh gia tri d6 1éch chuén theo truc X va Y trén van anh

Bude 12: Lay gia tri Histogram mau cho ddi twong van anh

Bue 13: Lay gia tri Histogram mau cho anh phan doan

Bude 14: Liy gia tri Histogram mau cho anh ban dau

Bude 15: Tra vé véc-to dic trung f.

~ Trong Bang 1 md ta két qua trich xuét véc-to dic trung hinh anh theo phwong phap dé

xuat cua hinh anh 607.jpg trong bd flower thudc bé anh COREL.

Bang 1. Mot két qua trich xuét véc-to ddc trung ctia hinh anh

M6 ta Gia tri
Dic trung dién tich, vi tri d6i twong (0.279357, 0.35478, 0.46855, 0.03035, 0.04269)
Dic trung dién tich, vi tri hinh nén (0.72064, 0.55447, 0.50946, 0.03794, 0.04452)
Dic trung dién tich, vi tri duong bién dbi twong | (0.08472, 0.38259, 0.44203, 0.03128, 0.04099)
Dic trung dién tich, vi tri bé mat doi tugng (0.18318, 0.43025, 0.44533,0.03342, 0.04162)
Histogram mau R, Y, B, G, O, P anh géc (0.0114, 0.004254, 0, 0.546387, 0.1525, 0.2853)
Histogram mau R, Y, B, G, O, P anh bé mat (0.01765, 0.00055, 0, 0.24994, 0.09856, 0.6337)
Histogram mau R, Y, B, G, O, P anh phan doan | (0.0017, 0.01522, 0, 0.0316437, 0.5426, 0.4086)
Histogram mau R, Y, B, G, O, P anh nén (0.01514, 0, 0, 0.7460521, 0.001285, 0.237520)

3. MO HINH TiM KIEM ANH TUONG TU DU'A TREN VEC-TO PAC TRUNG
3.1. M6 hinh truy vin anh

Trén co s tap dit liéu anh, véc-to dic trung dugc trich xuét theo cac thudt toan va phuong
phap da dé xuét. Tap cac dic trung ndy 1am co sé cho viéc tim kiém tap anh twong tu dua trén
khoang cach Euclide. Vi anh can truy vén I, véc-to dic trung dugc trich xudt va lan luot duyét
qua cac thanh phan véc-to didc trung trong tap dit liéu anh. Néu do twong ty giita anh truy véan I
va mot anh bat ky nhé hon mot ngudng & cho trudce thi anh d6 dugc goi 1a mot anh tuong tu.
Sau khi tim dugc tap anh nay, ching toi sap xép theo do do twong tu dé tim ra cac anh tuong tur
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gan nhét. Hinh 9 mé ta qué trinh tim kiém cac anh tuong ty véi mot anh truy van dau vao cho
trude dua trén tap véc-to dic trung.

Pha 1: Tién xr iy

2) X11; K12, 0ep Xin

MJW Xirn

Tp vic-td dEc trung

(1}

ST

FLEERE T ]
G gdonEd .
AS.uTEdnan

CSDLanh

Pha 2: Truy vin &

¥

*11p ¥12pes X1n Truy vén

wéc-to dic trung

Anh truy vin Anh phin dozan

(6]

k.

Tap anh tuong tF

Hinh 9. M6 hinh truy vén anh dua trén véc-to dic trung

Qua trinh truy van anh duoc thuc hién gém hai pha, pha 1 thuc hién tién xur 1y dir ligu tuc
la xay dung b véc-to dac trung cho tap dit liéu anh, pha 2 thyuc hién tim kiém tip anh tuong
tu ing voi mot hinh anh cho trudce.

Pha 1: Tién xi Iy dit liéu

Bude 1: Rut trich cac ddi twong dic trung mdi hinh anh trong tap dir lidu anh ban dau
Budc 2: Trich xuat véc-to dic trung cho mdi d6i tugng ciia cac hinh anh trong tap anh
Bude 3: Két hop céac déac trung dé tao thanh véc-to dic trung cho mdi hinh anh

Pha 2: Truy van anh tuong tu

Budc 1: Trich xuat véc-to dic trung cho anh truy van dua trén cac ving ddi tuong
Budéc 2: Do tim dbi tugng anh c6 d6 twong tw nho hon ngudng ¢ cho trudc

Budc 3: Sip xép va tim cac anh tuong tu theo d6 do Euclide.
3.2. Thuit toan tim kiém anh dua trén véc-to dic trung

Thuét toan tim kiém anh twong tu (IRMF)

Piu vao: Véc-to f, ciia anh Iy, Tap véc-to {F}, ngudng ¢
Piu ra: Tép véc-to {F,}
Begin
Result =&,
Foreach f; eF do
d = Euclide(f, f,);
If (d <&) then Result =Resultu f;;

Endif
EndForeach

193



Nguyén Thi Binh, Nguyén Phwong Hac, Nguyén Van Thinh

Result = Result U f;;
Result = Sort(Re sult);

Return Result;
End.

4. THUC NGHIEM
4.1. Cai dat thwe nghiém

He¢ truy van anh CBIR-EF thyc nghiém trén bo dit liéu COREL, Wang. Mdi anh dugc
trich xuat boi mot véc-to dic trung gdm 44 thanh phan va thuéc mot phan 16p. Thuc nghiém
trich xuét dic trung va tim kiém anh tuong ty CBIR-EF duoc xay dung trén nén tang dotNET
Framework 4.5, ngon ngit 1ap trinh C#. Cac d thi duoc xay dung trén Mathlab 2015. C4u hinh
may tinh thyc nghiém: Intel(R) Core™ i5-5200U, CPU 2.2GHz, RAM 8GB va hé diéu hanh
Windows 10 Professional.

Trong bai bao nay, chung t6i tién hanh thyc nghiém trén bo anh COREL, Wang véi cac
chu dé khac nhau. B anh COREL c6 1000 anh dugc chia thanh 10 chu dé: beach, bus, castle,
dinosaur, elephant, flower, horse, meal, mountain, peoples. B anh Wang gdm 10.800 anh
duogc chia thanh 80 chu dé va duoc chia thanh 4 nhém thuc nghiém: Nhom 1 gdm céc bd anh
tir 1 - 20 (art_1 .. obj_cards); nhom 2 gom cac bo tir 21 - 40 (obj_decoys .. sc_autumn); nhém
3 gbém céac bd anh 41-60 (sc_cloud .. wl_buttrfly) va nhom 4 gém céac bd anh 61-80 (wl_cat ..
woman). Trong thyc nghiém nay, viéc truy van anh duoc thuc hién so sanh do do tuong tu
gifra 2 hinh anh dua trén khoang cach Euclide cua véc-to dac trung. Vi 2 anh goi 1a tuong tu
néu d¢ tuong tu nay nho hon mot gia tri ngudng & cho trude. S6 luong anh tuong tu duoc liy
dwa trén cac anh dé ldy gia trj TopK cac anh da truy van dé tinh do chinh xac va do phu.

i7* CBIR_EF = (m] <

M 3

Feature of Image

Region Arca  [027535791016| MeanX [03547897588 | MeanY  [046855641568| SidX  [003035673667| Y  [0.04269835074 |
Boround Area [072064208984 | MeanX [0552a7127951| MeanY  [050946508657| StdX  [003794995522] SIY  [0.04450424688 |
Penmeter (008472303778 MeanX [038259739029| MeanY  [044203833898| SdX  [003128104543| Y  [0.04099671205 |
Texture [018318684896 | MeanX [043025911813| MeanY [044533592579| StdX  [0.03342975821| StY  [0.04162689696 |

Origin Image Texture Image Seg Image Inv Seg Image Result

Red [0.01140850804 | Red [0.0176588183 | Red [0.00178428374 | Red [0.01514167067 | e e e 9
Yellow [0.00425401995 | Yellow [5553088E-05 | Yellow [0.0152210327 | Yellow [0 | =]
Bue [0 | Bue |0 | Bue [0 | Bue [0 ] Hec ek

——— —— e = Extract Feature =
Green [0.54638713617 | Green [0.24994446912 | Green [0.03164372588 | Green [0.74605214837 Fmeasure 91%

= - = 5
Orange[0.15259515571 |  ©range |0.09856730342 |  Orange[0.54267715389 |  Orange [0.00128534704 | | RetievalTesting | o . = o0 0

Puple [0.28535518013 | Puple [0.63377387828 | Pumle [0.4086738038 | Pumle [0.23752083392 |

Hinh 10. Hé truy v4n anh CBIR-EF
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¥ Image Retrieval Experimental Results o O X
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Hinh 11. M6t két qua truy van anh 607 jpg

Bdng 2. Hiéu suét tim kiém anh ctia phurong phap dé xuat trén bo dit lisu COREL

Tapanh | Séanh | Do chinh xéc trung binh Do phu trung binh | DJ dung hoa trung binh

01-10 1000 0,93802593 0,839648315 0,884776618
Bdng 3. Hiéu suét tim kiém anh ctia phuong phap dé xuét trén b dir liéu Wang

Tap anh S6 anh | Do chinh xac trung binh | D¢ phu trung binh | Pé dung hoa trung binh
01-20 2890 0,880421426 0,792063491 0.833858997
21-40 2803 0,891685718 0,801378553 0.843913559
41-60 2507 0,862610085 0,775456085 0.816650358
61-80 2600 0,840452939 0,755492617 0.795430986
Trung binh | 10.800 0,868792542 0,781097687 0,822463475

4.2. Panh gia két qua thwe nghiém

Mdi dudng cong trén d6 thi mo ta két qua truy van tir mot chi dé anh trong bo dir liu
Wang. Mdi dudng cong biéu dién ty 1& giita d6 chinh xac (precision) va do phu (recall) cua
mot chu dé anh; dong thoi dudng cong tuong tng trong d6 thi ROC cho biét ty 18 két qua truy
van diing va sai, nghia 13 dién tich duéi duong cong nay danh gia dugc tinh ding dan cua cac
két qua truy van.
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Trong Hinh 12 mé ta hiéu suat va tinh dang dén két qua truy van trén bo anh COREL va
Hinh 13-16 14 rét cao, cac diém két qua nam trong vung tir 0,75 tr& 1én va tap trung nhidu &
ving [0,9..1,0]. Puong cong ROC biéu dién ty 1& dung, sai ciia két qua truy van va tap trung
& vung [0,8..1,0]. Diéu nay ching to hiéu suét truy van ctia hé CBIR-EF rét cao.

Precision-| Rel:all un CDREL dataset
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Hinh 12. Precision-Recall va duong cong ROC cua b dir liéu anh COREL

Precision-Recall on Wang dataset
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Hinh 13. Precision-Recall va dudng cong ROC cua bo dir liéu 1-20 trén tip anh Wang

Trong Hinh 13 cac duong cong trong d6 thi precision-recall va ROC mé ta hi¢u suat truy
van va tinh dung dén cta 20 chi dé dau tién trong bd anh Wang (art_1 .. obj_cards). Trong
Hinh 14 cac duong cong trong do th precision-recall va ROC mo ta hi¢u suét va tinh dung
dan cta két qua truy van 20 bo anh tiép theo bo anh Wang (obj_decoys .. sc_autumn.
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Hinh 14. Precision-Recall va duong cong ROC cua bd dir liéu 21-40 trén tap anh Wang
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Hinh 15. Precision-Recall va duong cong ROC cua bd dit liéu 41-60 trén tip anh Wang
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Hinh 16. Precision-Recall va duong cong ROC cua bd dir liéu 61-80 trén tip anh Wang
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Trong Hinh 15 mé ta hiéu suét va tinh ding dan cua két qua truy van thuge 20 bo anh
tlep theo trong b anh Wang (sc_clound .. wl_buttrfly). Hinh 16 mo6 ta hi¢u sut va tinh ding
dén cta két qua truy van thudc 20 bo anh cubi ciing trong bo anh Wang (wl_cat .. woman).

Biéu d6 biéu dién hiéu suét truy vin A ax %
: Y Biéu do bicu dién thoi gian truy van

trén bg anh COREL trung binh trén bo anh COREL (ms)
1.2 90
1
o M 85
0.6 80
8-‘21 75
0 70
S & ¥ S & q@& & > S & 65
o T &*@% @\@&\ SRS &@0"& QQQQ 60 .
S (] S S ) R o
*OQ?& > g‘bé\' o%0 %&QQoé@ &\o"% ¢ &“@QQQQ\Q
@=@==PreCiSion ==@== Recall ==®==F-measure &
Hinh 17. Biéu d biéu dién thoi gian truy vn Hinh 18. Biéu d6 biéu dién thoi gian truy van
trung binh trén bo anh COREL trung binh trén bd anh COREL
Biéu @ bidu dién d¢ chinh xac Biéu d6 biéu dién do phu
trung binh trung binh
15 1
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0
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1 3 5 7 9 11 13 15 17 19 1 3 5 7 9 11 13 15 17 19

—8—B)1-20 =—8=B21-40
—=8=B)41-60 =@=B 61-80

—0=D) -20 =@=B¢21-40
—0—B)41-60 =@=Bj 61-80

Hinh 19. Biéu dd biéu dién do chinh xac trung binh ~ Hinh 20. Biéu d6 biéu dién d6 phu trung binh

trén bo anh Wang trén b anh Wang
Biéu dd biéu dién do trung hoa trung Biéu do biéu dién thoi gian truy van
binh trung binh
1 2500
0.8 2000
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Hinh 21. Biéu d biéu dién d¢ dung hoa trung binh  Hinh 22. Biéu db biéu din thoi gian truy vén
trén b anh Wang trung binh trén by anh Wang
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Két qua thuc nghiém duoc so sanh v6i mét sb cong trinh gan day trén cung bo dit liéu.

Bdng 4. So sanh hiéu suit truy van giita cac phuong phap trén bo dit liéu COREL

Phuong phap B6 dit liéu Do chinh xac Do phu Do dung hoa
Raja R., 2020 [11] COREL 87,33% 68,93% 7%
Alsmadi M. K., 2020 [19] COREL 90,15% 18% 30%
Phuong phap CBIR-EF COREL 93,8% 83,9% 88,5%

Bdng 5. So sanh hiéu sut truy van giira cac phuong phap trén bo dir liéu Wang

Phuong phap B¢ dit licu Do chinh xac Do phu Do dung hoa
Madhavi D., 2018 [5] Wang 78% 55% 65%
Antara |. B. G. W.,, 2020 [25] Wang 59% 11% 18,5%
Phuong phap CBIR-EF Wang 87% 78% 82%

Két qua thuc nghiém phuong phap d& xuit cia chung t6i dugce danh gia 1a tot hon céac
cong trinh dd cong bo cung linh vire, cing bd dit liéu anh vi: (1) Phuong phéap dé xuit CBIR-EF
cta chiing t6i d3 két hop duoc nhidu dic trung hon so v6i cac cong trinh so sanh; (2) Thuat
toan trich xuét dac trung mau sdc cua chung to6i c6 cai tién dé thuc hién gom cum mau theo
k-Means.

5. KET LUAN VA HUONG PHAT TRIEN

Trong bai bdo nay, chung t6i da thuc hién viéc trich xuét dic trung cda hinh anh dya trén
cac thao tac xur 1y anh dé tir d6 ap dung vao bai toan tim kiém anh tung tu. Viéc trich xuat dic
trung da thuc hién trén cac bo anh thong dung gom bo dir liéu COREL, Wang. Dong thoi ap
dung tim kiém anh tuong tu dua trén cac thuat toan da dé xuét. Theo thuc nghiém cho théy,
phuong phap trich xuat dic trung ap dung cho bai toan tim kiém anh 12 hidu qué va c6 do chinh
xac cao. Viéc ung dung trén cac bd anh thong dung da minh ching tinh kha thi cia céac ly
thuyét dé xuét va c6 thé ap dung trén cac hé théng dir liéu da phuong tién. Hudng phat trién
tiép theo cua bai bao nay la phan cum bg dir liéu véc-to dac trung theo mo hinh phan hoach va
phan cap nham tang toc do tim klem hinh anh tuong ty. Vi vay, cai tién ciia bai bao nay 1a xay
dung mot hé truy van anh theo tiép cin ngit nghia va ting toc do tim kiém dé dap tng yéu cau
nguoi dung.

Loi cdm on: Nhom tac gia chan thanh cam on Truong Dai hoc Cong nghiép Thuc pham TP.
Ho Chi Minh la noi bao trg cho nghién ciru nay. Trén trong cam on nhom nghién ctru SBIR-
HCM da ho tro vé chuyén mon d€ nhom tac gia hoan thanh nghién ctru nay.
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ABSTRACT

METHOD OF EXTRACTING FEATURES APPLIED FOR CONTENT-BASED
IMAGE RETRIEVAL

Nguyen Thi Dinh, Nguyen Phuong Hac, Nguyen Van Thinh*
Ho Chi Minh City University of Food Industry
*Email: thinhnv@hufi.edu.vn

In this paper, we approach a method of extracting for the content based images retrieval.
In order to solve this problem, the technics of extracting features are proposed including
segmentation of image rely on contrast, extracting the boundary of interest object based on
LoG method, extracting texture based on the filter operations, and extracting color histogram
rely on the method of clustering the intenses of image’s pixels. On the base of these features,

we ext
that, a

racted the feature vector to describle the image content by location, color, shape. From
method of similar images retrieval with a query image is built. To prove the proposed

theory, an experimental was built on the datasets including COREL, Wang and compared with
other works on the same data set to evaluate the accuracy of our proposed method. The
experimental results show that our method of extracting image features applied to our similar

image

retrieval problem is effective.

Keywords: Feature vector, segmentation of image, Laplace of Gaussian, image retrieval.
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