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TOM TAT

Bai bao tiép can phuong phap tra ciru anh twong tu dya trén cay da nhanh can bang luu
trir cac dir lieu déc trung cua hinh anh dudi dang chi muc nhdm mé ta hinh dang caa déi
tuong dic trung. Dé trich xuét dic trung cua hinh anh, nhém nghién ctru da thuc hién phan
doan anh dya trén dac trung thi giac cap thap gom mau sdc va cdu tric cua hinh anh. Cac dic
trung thi giac nay duoc trich xuat trén mdi khdi cua hinh anh bang phép bién d6i Wavelet va
khong gian mau CIE L*a*b*. Tiép theo, nhom nghién ctru thuc hién gom cum céc diém anh
dé tao thanh ving lién thong trén anh ddng thoi loai bo cac ving c6 dién tich khong vuot
ngudng cho trugc. Trén co sé cac dic trung da duogc trich xuat, nhom nghién ciru da tao ra
d6 twong phan cia hinh anh nhim rat trich mau nén va mau chinh ciia mdi hinh anh. Dya
trén anh da dugc phan doan, chi muc dic trung duoc tao ra nham thyc hién dbi sanh cac hinh
anh tuong tu. Tir d6, nhom nghién cru tao ra cay da nhanh can bang nham lwu trir chi muc
mb ta dic trung hinh anh va thyc hién tim kiém anh. Bé minh ching tinh ding din cho
phuong phap dé xuit, nhém nghién ctiu xay dung thuc nghiém va danh gia két qua trén cac
tap dit liéu anh gdm Corel va CBIRimages. Két qua thuc nghiém duoc so sanh véi cac cong
trinh khac va cho thiy tinh hiéu qua cua phuong phap dé xuat cia nhom.

Tir khoa: Phuong phap phan doan, dac trung, chi muc hinh anh.

1. GIOI THIEU

Su xuét hién cac bo dit liéu da phuong tién 16n da dan dén yéu cau phat trién céc cong
cu truy van thong tin thi giac. Vi vdy, viéc tim kiém cac hinh anh lién quan dén yéu cau
nguoi dung 14 bai toan phii hop véi nhu cdu xa hoi hién dai. Tra ciru hinh anh tir co sé dit
liéu anh 1a mdt bai toan quan trong trong linh vyec thi giac may tinh va xu 1y anh [1].

Hé truy van anh bao gdm ddi sanh dic trung dé tim ra ing vién sau do truy hoi dé tim
ra cac hinh anh twong tu [2]. Hé truy van anh dua trén ndi dung CBIR (content-based image
retrieval) da dugc gi6i thiéu vao khoang thap nién 1980; trong hé truy van nay thuc hién cac
ky thuat tim kiém mot tap hinh anh lién quan tir co sé dit li€u anh dya trén trich Xudt tu dong
dac trung ndi dung hinh anh [3].

Kién trac hé CBIR gom 2 phan (1) Trich xuat dic trung thi giac dé tao chi muc cho
hinh anh (2) Thuec thi viéc truy van anh tuong tu dua trén chi myc. Két qua truy vén anh s&
tra vé k -anh tuong tu nhat theo mot d6 do cho trude. Vi vay, trong hé truy van anh dua trén
no6i dung 1a sy két hop ciia nhiéu linh vire nhu: xtr 1y anh, thi giac méy tinh, nhan dang, xtr 1y
dit liéu, truy hoi thong tin [2, 4].

Budc dau tién cua bai toan truy van anh dya trén noi dung s& thuc hién tién xu Iy anh
nhu: phén tich mau, phan doan anh, loc anh, khir nhiéu anh,... Véi mot hinh anh da dugc xir
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ly, thuc hién trich loc cac dic trung thi giac dé tao ra chi muc mé ta hinh anh [1, 2, 5], chit
ky nay duoc diung dé phan 16p ty dong va phan loai ngit nghia theo ndi dung thi giac ctia
hinh anh.

Vi vy, trich xuit ving dic trung 12 mot tién dé quan trong dé tim ra cac hinh anh
tuong tu trong hé truy van anh dya trén noi dung CBIR. C6 nhiéu phuong phap trich xuat
vung déc trung da duogc dé cap nhu trich xuat doi tugng trung tam cda hinh anh, trich Xuét
thudc tinh d6i twong dic trung [6, 7].

Bai béo tiép can phuong phap phan doan hinh anh dé tao chi muyc hinh anh va cay da
nhanh can bang trén khong gian mau CIE L*a*b* va phép bién doi Wavelet. Tu d6, nhém
nghién clru xay dung phuong phdp tra clru anh tuong tu dua trén cau trac dit lidu cay da
nhanh can bang nay. bé giai quyet van dé da dat ra, noi dung tiép theo ciia bai bao gdbm
nhiing phan sau: Phan 2 d¢ cap dén cac cong trinh lién quan dé minh chung tinh kha thi va
su cai tién cua phuong phap dé nghi; Phin 3 dé cap cac kién thirc co so dé lam nén tang ap
dung cho phuong phap; Phan 4 trinh bay phuong phap phan doan hinh anh dé trich xuat ddi
tuong dac trung lam co s¢ tao chi muc hinh anh; Phan 5 thuc hién truy van anh bao gém
viéc tao cdy da nhanh cén bang va mo ta thuc nghiém; Phin 6 dua ra két luan va hudéng phat
trién tiép theo cua bai béo.

2. CAC CONG TRINH LIEN QUAN

Nhiéu tmg dung lién quan dén truy van anh da duoc phat trién va tng dung trong nhiéu linh
vuc khac nhau nhu img dung trong thur vién s6: CIRES, C-BIRD, PhotoFile, iMATCH [5]. Ung
dung truy vin anh IRMA trong y hoc dua trén SVM, hé truy van anh y khoa CBMIR
(Content-Based Medical Image Retrieval) trén anh CT, hé truy van anh y khoa dua trén phép
bién d6i Wavelet, tmg dung truy van anh trén hé théng GIS (Geographic Information
System) [8-11].

Mot s cong trinh lién quan dén truy van ndi dung anh di cong bd gan day nhu: trich xuat
d6i twong trén hinh anh dua trén sy bién doi gia tri histogram [12], truy van anh tuong tu dua trén
dbi sanh cac ving dic trung va mdi quan hé tuong ty cta cac ving dic trung trén anh [13], truy
van anh mau dya trén do tim cac ving dic trung cuc bd bang phuong phap Harris-Laplace
[12], truy van anh mau dya trén mat phang bit va khong gian mau L'a’b” [14], chuyen doi
khong gian mau va xay dung ham bim nham truy van ndi dung cac anh mau [15],..

C6 nhiéu phuwong phap do tim dic trung da duoc gidi thidu, gdm: phuong phap do gbc
va canh gidi thi€u vao ndm 1998 bdi Harris & M.Stephens, phuong phap do tim déc trung
SIFT (Scale Invariant Features Transform) dua trén phép loc ctia mat na tich chap gitra hinh
anh va dao ham DoG (Difference of Gaussians) dé xdp xi toan tir Laplacian cia ham
Gaussian dugc D.Lowe gidi thi¢u nam 2003, phuong phap do tim déc trung SURF (Speeded
Up Robust Features) dugc Bay va cong sy gidi thiéu vao nam 2006, phuong phap do diém
dac trung Harris Laplacian dya trén toan tir Laplacian ciia ham Gaussian dugc gioi thiéu nam
2001 boi Mikolajezyk & C.Schmid [16].

Ném 1973, Haralick et al. da gidi thiéu ma trén ddng xuét hién (co-occurrence matrix)
md ta dic tinh cdu trac [5]. Trong phuong phap nay, ma tran dong xuat hién dugc xay dung
dua trén hudng va khoang cach gitra cac diém anh. Khi d6, ddc tinh cau triic dugc trich xuét
tr ma tran dong xuét hién bang su xuét hién c6 tinh lap lai rng voi cac mire xam.

Acharya et al. dé xuat viéc tinh toan x4p xi ddi véi dic tinh cau tric dya trén cac nghién
clru tAm 1y trong nhan thie thi giac vé ciu truc. Cac thudc tinh ciu trac ndy cho phan tich
theo ngir nghia truc quan va dugc sir dung trong nhidu hé truy van anh dua trén ndi dung.
Phép bién d6i Wavelet da duoc ing dung trong phan tich cau tric va phan 16p cac hinh anh
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dua trén phép phén tach da phéan giai ctia cic hinh dnh va m6 ta cdu triic trén céc ty 1¢ khac
nhau [1].

Ciing theo Acharya et al.’, ndm 1962 Human da xac dinh bay moment chuan lam dic

trung hinh dang va ciing bat bién doi vdi phép ty 1€ [1].

~ Kumar et al. (2009) da dé xuat phuong phap phan doan anh ty dong dya trén phép bién
d61 Wavelet nham tao ra phan doan nhanh va don gian. Trong bai bdo déa cho thay phuong
phap hiéu qua tot trén viéc phan doan cac hinh anh 16n va thyc thi dé dang hon cac phuong
phap khac [17].

Tuy nhién, néu truy tim hinh anh dya trén ddi sanh trire tiép ndi dung cua hinh anh s&
mat nhiéu chi phi vé thoi gian ciing nhu khong gian truy van. Do d6, can ¢6 phuong phap mo
ta ndi dung hinh dnh dudi dang dir liéu mo ta (metadata) dé tir d6 thyc hién truy van hinh
anh tuong ty qua dit liéu mé ta nay. Di v6i nghién ctru vé ing dung chit ky nhi phan tao chi
myc cho hinh anh, Yannis Manolopoulos da mo ta chir ky nhi phan cta hinh anh va thyc
hién phan cum hinh anh dya trén cay S-Tree [18]. Trong thyc nghi¢m da cho thay tinh hi¢u
qua khi ap dung chir ky nhi phan doi véi dit liéu hinh anh.

Nascimento va Chitkara da tiép can ky thudt truy van anh dya trén chi muc nhi phan.
Thyc nghiém da cho thay tinh hiéu qua khi truy van trén cac co s¢ dir li€u anh 16n [19].

Nim 2013, Timothy Chappell va Shlomo Geva d tiép can tim kiém anh tuong tu dya
trén chi muc nhi phan, trong cong trinh da dua ra tinh hi€u qua va gia ting toc do truy van
hinh anh ing dung d6 do Hamming cho chir ky nhi phan [20].

Gan day, cac cong trinh vé truy Vefm anh dya trén chi muc nhi phan nhu: truy van anh
dua trén chi myc va cay chir ky, truy van anh dua trén d6 do EMD va cay S-Tree, truy van
anh dya trén chir ky nhi phan, truy van anh dya trén do thi chit ky [21-25].

Viéc truy van anh dua trén chi muc md td la mot hudng nghién cttu kha thi va co tinh
hi¢u qua. Do do, bai bao tiép can phuong phap tao ra chi muc cho hinh anh dya trén cac dac
trung cap thap nhu hinh dang, ciu tric, mau sic, vi tri cua d6i tuong dic trung. Trén co s&
nay, bai bao thuc hién tao ciy da nhanh can bang va truy van nhanh cac hinh anh twong tu.

3. CAC LY THUYET CO SO

3.1. Cac dinh nghia co sé&
3.1.1. Ky vong cua cdc gia tri roi rac

Dé trich xudt cau trc (texture) ctia cc tin hiéu rdi rac, budc dau tién can tim ky vong (bdi
vi gia tri nay phan anh dac trung cho xu hudng trung tam doi voi cac gia tri roi rac [26, 27]).
Cho n tin hi¢u dugc mo ta boi vector v =(v,v,,...,v,), theo tai li¢u [26, 27] gia tri ky
. . 13
vong dugc dinh nghia: u = —Zvi
N3
3.1.2. Phwrong sai cua cdc gid tri roi rac
Phuong sai phan anh mirc d§ phén tan cua cac gia tri bién ngdu nhién xung quanh gia
trj ky vong . Tir d6, 1am co sé trich xudt dic trung cAu triic cua cac tin hiéu hinh anh. Theo

tai li¢u [26, 27], phuong sai dugc dinh nghia: p = n2| v, —
4=l
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3.1.3. B¢ léch chuan cua cdac gia tri roi rac

Khi danh gia mirc d¢ phan tan theo don vi do cua cac tin hi¢u ban dau, can tinh do 1éch
chuan. Tt mirc d§ phan tan nay s€ trich xuat gia tri cau trac cia tin hiéu. Theo tai liéu [26, 27],

do léch chuén duoc dinh nghia la: © = Je
3.2. Phép bién d6i Wavelet

Phép bién doi wavelet tao ra sy phan tich da ty 1& 1am cho tin hiéu dwoc phan rd va phan
tich chi tiét hon [28]. Do d6, phép bién d6i wavelet s& phan tich tin hiéu thanh tong cac tin
hi¢u dong dang c6 ty 1¢ thoi gian tré khac nhau.

Vi viy, cac thanh phén chi tiét mé ta cu triic cia tin hiéu khi ham wavelet duoc chon dong
dang véi tin hi¢u. Cac ham wavelet truc giao thuong dugc str dung cho phép bién d6i wavelet roi
rac va rat tién dung cho viéc tai tao lai tin hiéu ban du sau qua trinh nén dir liéu [17].

Khi thyc hién phép bién d6i wavelet, mdi mot tin hiéu dugc phén tich thanh hai thanh
phan: thanh phan Xap xi tuong Gmg voi thanh phan tan sb thap va thanh phan chi tiét tuong
{mg v6i thanh phin tan sb cao, thong qua 2 b loc thong thip va thong cao. Trong do, bod loc
thong cao sir dung ham wavelet y(x) va bo loc thong thap sir dung ham ty 1& d(x) [28].

. Khi thyc hién phép bién déi‘Wavelet ro1 rac cho mot hinh anh s€ cc:) duoc bén dai t'ém con
gom LL, LH, HL, HH. Thz‘ml} phz}n LL 1a phién ban ghé cua hinh anh goc; cac thanh phan con
lai LH, HL, HH ung vai dai tan so cao chira thanh phan thong tin chi tiét cua hinh anh [1].

g
m
:.

“

Hinh 1. Minh hoa phép bién d6i DFT

3.3. Phép bién d6i DWF

Dé nhén dién va dua ra cac dic tinh cu tric cia cac diém anh lang giéng can sir dung
phép bién d6i DWF (Discrete Wavelet Frames) [28]. Pay 1a phuong phép tuong tu voi phép
bién d6i wavelet roi rac DWT (Discrete Wavelet Transform) dung dé bién doi cuong do anh
thanh céc dai tan con. Su khéc biét chinh ctia 2 phuong phap nay d6 1a DWF s& dwra ra bo loc
khong c6 mau con.

Phép DWF thyc thi trén bang tan loc dua trén phép loc thong thap H(z) dé phan giai
mdi thanh phan cudong do ciia anh thanh mot tap cic bang tan con. D¢ léch chuan cua tat ca
cac thanh phan chi tiét dugc tinh trong lang giéng ctia di€ém anh p d€ lam ddc trung cau
trac. Phép loc théng cao G(z) =zH(-z*) duogc dinh nghia qua phép loc thong thip H(z).
Cac phép loc ctia day bang tan loc H, (2), G,(z),i=1...,V dugc tao ra tir H(z), G(z) sao
cho:H,,,(z) = H(z% )H, (2) , G,.,(z) = G(z% )H, (z) v6i k=0,...,V -1, H,(z) =1.

Trong thuc nghiém, phép loc thong thip sir dung phép bién dbi Haar Wavelet, tic 1a
H(z)=1(l+2z") véi diéu kién thong thap 1a H(z)|,_,=1. Khi d6, phép loc théng cao dugc
dinh nghia 1a G(z)=zH(-z™). Vector céu tric cia diém anh p dugc mé ta bang do léch
chudn cua tat ca thanh phan chi tiét va tinh toan trén hinh vudng lang giéng @ ciia pixel p .
Khi dé, vector dic tinh cdu triic cia diém anh p s&la: T(p) = [o,(p), o, (P),....00., (P)] -

143



Nguyén Phuong Hac, Vdn Thé Thanh

Thanh phan chi tiét cia
phép bién déi DWF

Vector cuong
d9 mau

G,(2) d.

v

i

H,(2) a, } Thanh ppﬁn
Xap xi

Hinh 2. M6 hinh phép bién d6i DFW

Vi du: cho cuong do hinh chir nhat lang giéng ciia diém anh p nhu sau:

5142
2,163
31412

Vector cdu tric T(p) Voi V =2 tng véi phép bién doi Haar-Wavelet nhu sau:

T(p)= (2,50, 1.25, 2.00, 1.00, 1.00, 0.50, 1.00, 0.50, 3.00, 1.50, 1.50, 0.75, 1.50, 0.75,
2.00, 1.00, 1.00, 0.50).

4. PHAN POAN ANH

bé st dung hinh dang nhu 1a mét déc trung cua hinh anh, budc co ban 1a phan doan
hinh anh dé tim d6i tuong. Trong phuong phap nay, s& gom cum cac diém anh thudc veé cac
vung lién thong dua trén mau sac va cau trac.

Bai bao sé tiép can phan doan hinh anh sao cho mdi hinh anh dugc phan doan thanh cac
vung déc trung dé tir d6 lam co s¢ xay dung chit ky nhi phan nham mo ta ndi dung hinh anh.

Anh phén doan dugc tao ra tir viéc nhom cac diém anh tré thanh mot vung tuong tu.
Bai bao tlep can phuong phap phén doan anh ty dong dua trén cac thong tin cap thip gdbm
mau sac cau truc va vi tri cac diém anh.

Dé tinh toan cac gia tri ndy, hinh anh duogc chia ra thanh cac khdi vuong f x f khong
giao nhau. Do d6, hinh anh duoc chia thanh L khdi b, I=1..,L. Sau d6 tinh vector ciu
tric va vector mau sac ciia mdi khéi bang gia tri trung binh cia cac diém anh trong khbi do.

| ]
Hinh 3. Vi du hinh anh tach thanh

L
RN
inn
inn
inn
inn
(NN
7 x11

x 11 khéi

Két qua phan doan 1a mat na phéan doan, tirc 1a mgt anh xam mo ta dbi tuong dac trung
cua hinh anh. Dya trén mat na phan doan, thuc hién tinh toan ving lién thong va loai bo cac
vung lién thong c6 dién tich khong vuot ngudng (trong thuc nghiém s€ loai bd cac vung lién
thong c6 dién tich nho hon 5% dién tich anh).
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Thudt todn 1: Phan doan anh

DPau vio: Anh mau |

Pau ra: Mit na phan doan M

Bueée 1: Trich xuat vector cdu triic va vector cudng d6 cho mdi diém anh.

Buée 2: Tinh tdm cac khdi bang cach 1dy gia tri trung binh vector ciu tric va vector
mau sac cua tat ca cac diém anh trong khoi.

Buée 3: Tinh d6 twong phan C ctia hinh anh dé tao thanh d6i twong nén va ddi tuong
dac trung.

Burde 4: Tim céc tim cum cho cac ddi tuong ddc trung b tro dua trén do twong phan.

Buoc 5: Dya trén tép cac tdm cum cua cac dbi tuong dac trung, thyc hi€n gom cum cac
diém anh.

Buoc 6: Tao mat na phan doan M tng véi cac diém anh da phéan cum.

Burde 7: Loai bo cac ddi tuong c6 dién tich nho dya trén mat na phan doan M

Burde 8: Tra vé mat na phan doan M .

Ddi véi vector dic trung mau sic ciia mdi diém anh 1(p)=(I_(p),1,(p),1,(p)) dugc
xay dung dua trén khong gian mau CIE L'a’b . Khong gian mau CIE L'a’b” dugc cong
nhén 1a chuan quoc té vao thap nién 1970 baoi to chirc CIE va dong nhat voi nhan thuc con
nguoi. Khoang cach Euclidean giita hai diém trong khong gian mau CIE L'a’b” tuong duong
v&i khoang cach nhan thirc gitra 2 mau theo hé thong thi giac cua con nguoi [1].

Sau khi thuc hién trich xuét cdu trac va mau sdc cua hinh anh, thuc hién qué trinh gom
cum céc di€m anh bang phuong phap gom cum K-Means. Budc dau tién ctia qua trinh gom
cum nay do la chon ra tdm cum dya trén d6 tuong phan C cia hinh anh. B¢ thyc hién nhanh
qué trinh nay, hinh anh duogc chia thanh L khoi anh khong giao nhau, moi khoi 4nh nay dugc
xem la mot diém anh 16n (supper pixel). Do do, vector cau trac T°(l) va vector mau sac 1° (b))
ctia mdi khéi b, twong tmg voi cac gia tri trung binh cua vector cAu triic va vector mau sic cia
tit ca cac diém anh trong khoi. Vi by,b, 13 2 khdi bét ky, do tuong phan ciia hinh anh sé& 1a:
C=max{a| 1°() - 1°(®,) [|+A1I T () -T (b,) I} (trong thuc nghiém « = B=0.5). Sau khi tim
dugc d6 twong phan C cua hinh anh, khéi ¢6 nang luong thip hon s& 1a tim cum nén
(background) va khoi c6 nang lugng cao s€ la tam cum ctia doi tuong dac trung (foreground).

Budc tiép theo s& thuc hién tim tdm cac cum cua cac ddi tuong dac trung bd sung, tlrc
1a tim cac khoi c6 do do d gan vdi doi tuong dac trung nhat (twong tng s€ 1a xa nhat doi vai
mau nén). Trong thyc nghiém s&€ tim cac tam cym c6 do do d > uC (voi £=0.4). Sau do,
thyc hién phép gom cum cho tat ca cac diém anh.

Budc cubi cung 1 loai bd cac vang lién thong co dién tich khéng vuot ngudng 6 . Viée
tinh dién tich ving dya trén thuat toan loang 4-1i€n thong dugc tom tat nhu sau:

Thudt toan 2: Tinh dién tich vung

Dau vao: Mit na phan doan M va vi tri (r,c)

Dau ra: Gié tri dién tich S

Buoc 1:  Khoitao S=0;

Stack = ;
Buéc 2:  Push(Stack, r, ¢);
Buoc 3: while Stack = & do
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(r,c) = Pop(Stack);
S=S+1,;
If (r > 1)&& (M(r,c) = M(r-1,c) then
Push(Stack,r-1,c);
If (r < rows)&&(M(r,c)= M (r+1,c) then
Push(Stack,r+1,c);
If (c > 1)&&M(r,c) == M (r,c-1) then
Push(Stack,r,c-1);
If (¢ < columns)&&M(r,c) = M(r,c+1) then
Push(Stack,r,c+1);
Buoc 4: Return S;

Hinh 4. Mot s két qua mau phan doan anh

5. TRUY VAN ANH

5.1. Tao chi muc nhi phéan

bic trung cda hinh anh cé thé dugc mo ta bﬁng moét vector dic tinh da chiéu goi la la
chr ky cuia hinh anh (image signature).

o|ofo| of aladaly|o

Hinh 5. Minh hoa céach tao chit ky nhi phan

Sau khi tao chi muc cho hinh anh trong co s¢ dit li€u, diéu quan trong 1a str dung mot
d6 do twong tu nham truy van trong co so dir liu.

146



Mot phuwong phép tra ctru di liéu dnh duwa trén cdy phan cum da nhénh cén bang

5.2. ) do twong tuw
Goi sig' va sig”’ 1an luot 12 2 chit ky nhi phan cua hai hinh anh | va J . D¢ tring
khép d, duoc dbi sanh trén mdi phan tir cua 2 chir ky va dugc dinh nghia nhu sau:

d - 1 if (sig, =sig;)
"o if (sig! =sig))

Do do tuong tu cua 2 hinh anh | va J dugc dinh nghia la: ¢ = %Zn:di . Dé dang chung
minh ¢ thoa céc tinh chat ctia mot chuan, gom: a
(1) Khong am: ¢(sig,,sig;) =0
Néu ¢(sig, ,sig,) =0« sig, =sig,

(2) Doi ximg: ¢(sig, ,sig,) = 4(sig,,sig, )
(3) Bét dang thirc tam giac:
¢(Sig| !SigJ ) + ¢(S|gJ 1 SigK) 2 ¢(S|gl 1 SigK)

5.3. Cdy da nhanh cin bing

Nhim giam khong gian va ting tdc do truy vin, nhom nghién ctru xdy dung ciy da
nhanh cin bang luu trit cac chi muc mo ta hinh anh. M&i mot nit trong cdy luu trir tap cac
phan tir{(SIG, py}, v6i SIG 1a chit ky va pla con tro tham chiéu dén nit con. Cac nut 14 s& luu
trit cac phan tur{(sig,oid)}, vdisig 1a chi muc cia mdi hinh anh vaoid 1a dinh danh cta hinh
anh tuong tng. Qua trinh tao cay dua trén thao tic chén va tach nut trong cdy. Thuét toan tao
cdy chit ky dugc dé xuat nhu sau:

Input: tap cac chi muc S = {sigy,...,sig}
Output: cay cay da nhanh T
Algorithm1. Gen-Stree(S, Root)
Begin
Buoc 1.
Vv = Root;
If S = then STOP;
Else Chon <sig, oid> € S va S = S\ <sig, oid>;
Qua budc 2;
Buoc 2.
If (v 1a nut 18) then
begin
If v.count < M then v = v U <sig, oid>;
Else SplitNode(v, sig);
Quay lai budc 1;
end
Else
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begin
W = {SIG; | SIG; € v va SIG;—sig A sig = sig};
EMD(SIGy—sig, sig) = min{EMD(SIG;—sig,sig)| SIG; € W};

VvV = SIGy—p;

Quay lai budc 2;

end

End.

Thuat toan Algorithm1 lan luot dua cac chi muyc sig tir tap chir ky S vao trong cdy. Vai
mdi chi myc sig s& duoc chén vao nit 14 phi hop, néu nut 14 day thi qua trinh tach nut s&
duogc thyuc hién va ciy da nhanh ting trudng chiéu cao theo huong gbc cuia cdy. Tai mdi nat
trong cua cdy, s€ uu tién di theo hudng c6 d6 twong tu nhi€u hon, qua trinh nay s& duoc
duyét cho dén khi tim ra dugc nut la phu hop. Qua trinh duyét cay khong nhat thiét phai
duyét qua tat ca cac hudng c6 chir ky phu hop voi chir ky hinh anh can chen, diu nay s€
giam mdt khoang chi phi dang ké trong qua trinh tim ra cac nat 14 pht hop dé chen chir ky
vao cay. Do d6, rng voi moi chit ky can chén s€ duyét qua duong di c6 chi€u cao
h=[log,, n—11, véi m 1a s6 chir ky tdi thiéu cia mot nut trong cdy. Goi k 1a chiéu dai ctia
mdi chir ky, mdi mot nit trong cua cdy s& co toi da 1a M chit ky, vi vay qua trinh duyét cay
dé tim ra nat 14 phu hop s& c6 chi phi tdi da 1a kxM x[log,,n—11. Tuy nhién, khi tim ra nut
1a phii hop nhung da bi day, can phai thyc hién qua trinh tach nut. Viéc tach nat dya trén co
sO phép toan  —seed , B —seed , dugc thuc hién theo thuat toan d¢ xuat nhu sau:

Input: Nt can tach v

Output: Cay T sau khi thyc hién phép tach nut

Algorithm2. SplitNode(v)

Begin

Tao nut v, va v, lan lugt chira chir ky a—seed va B —seed ;

v=v\{a-seed, f—seed };

For (SIG; € v)

begin

IF(EMD(SIGi—sig, « —seed ) < EMD(SIG;—sig, S —seed ))then

v, = v, USIG;
Else
Vg = Vg U SIG;;
end
s, = | JSIGF , voi SIG ev,

sp= | JsI6/, voi SIG ev,,

=v us_ |V

parent fet

If (Vparent I= nU") then Vparent parent — Vparent Usﬂ ;

If (Vparent-count > M) then SplitNode(V paren );
If (Vparent = NUl) then Root = {'s, ,s5 };
End.
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5.4. Thuat toan truy van anh duya trén cay S-tree

~ Sau khi luu trir chi myc va dinh danh cta hinh anh twong tng trén cay, qua trinh truy

van s€ tim ra cac chir ky tuong ty cua hinh anh dwa trén viéc duyét cay. Sau khi tim ra cac
chir ky hinh anh, dya vao dinh danh cta cdc hinh anh s& tim ra cy thé cac hinh anh tuong tu
v&i hinh anh truy van. Do do, b;"li toan can thyuc hién 1a tim ra chir ky gﬁa l}inh anh va dinh
danh twong trng, qué trinh truy van nay dugc thuc hién theo thuat toan dé xuat nhu sau:

Input: chir ky truy van sig va T

Output: Téap cac chir ky anh va cac dinh danh tham chiéu dén hinh anh twong tng

Algorithm3. Search-Image-Sig(sig, S-tree)

Begin

v = root; SIGOUT = &; Stack = &J; Push(Stack, v);

while(not Empty(Stack)) do

begin

v = Pop(Stack);

If(v is not Leaf) then

begin

For(SIG; e v and SIG;—sig A sig = sig) do

EMD(SIG,—sig,sig)= min{EMD(SIG;—sig,sig)|SIG;eV};

Push(Stack, SIG, — next);
end
Else SIGOUT = SIGOUTW{<SIG; — sig, 0idi>|SIG;eV};

end

return SIGOUT;

End.

5.5. Thuc nghiém truy van anh

Bai b4o thyc hién qué trinh truy van anh twong tu trén dir liéu thyc nghiém gém Corel
va Image Object (MSRC). Cac hinh anh trong cac tap dit liéu nay dugc chia thanh céc chu dé
khac nhau. Ung v6i mdi hinh anh truy vén s& tim ra cac hinh anh tuong tu trong tap dit liéu
anh nay.

Ung dung thyc nghiém dugce xdy dung trén nén tang cong cu IPT (Image Processing
Toobox) cua Matlab 2015. Thuc nghiém dugc thuc thi trén may tinh voi bd xt 1y Intel(R)
CoreTM i7-2620M, CPU 2.70GHz, RAM 4GB, Hé diéu hanh Windows 7 Professional 64 bit.

/
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,‘"‘ .f “. ]
II‘ \" ‘II Ph3 ! Ta h-. M
2 e (A2 | | an / apchi [/ - B
| Cosé&dirliéu ( [ Cay da nhanh
\ anh ¢ | | g | mue | zén bing
| | | anh \ hinh ahn' /
\ V] —
\ ‘.\‘. ,‘"‘I
\ \ /
. Phan Ve ™~ Tap céc anh ||
ﬁ_::: \c,aé: doan —J{Chi muc hinh anh '—{ Truy van anh I—— twong tu
anh .\\,, // l\\_\/:i/?;\ l|

Hinh 6. M hinh truy van anh
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Qué trinh truy van hinh anh dugc chia 1am 2 giai doan gdm: Giai doan tién xir Iy gdm
cac budce: (1) Phan doan hinh anh tng; (2) Tao chi muc dé tao thanh tap chit ky anh; (3) Tao
cay da nhanh can béng. Giai doan truy van anh thuc hién: (1) Phan doan anh truy véan; (2)
Tao chi myc cho anh truy van; (3) Thuc hién truy vn anh dé tim cac hinh anh twong ty.
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Hinh 7. Mot s6 két qua truy van anh
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Hinh 8. D6 phii va do chinh xac khi truy van anh trén tap dir liéu anh COREL
Do phu (recall) = (s6 anh truy van c6 lién quan)/(Tong s6 anh c6 lién quan trong tap dit
liéu anh)
D6 chinh x4c (precision) = (s anh truy van c6 lién quan)/(Ngudng xac dinh sb anh truy van)
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roc curve
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Hinh 9. D0 phii va d6 chinh xac khi truy van anh trén tap dir liéu anh CBIRinages
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Hinh 10. Thoi gian truy van anh trung binh trén tap dir liéu anh COREL
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Hinh 11. Thoi gian truy van anh trén tap dit liéu anh CBIRimages

Bdng 1. So sanh d6 chinh xac truy van giita cac phuong phap

Phuong phép bo chinl} Xac bo ph‘ﬁ bodoF -m‘easure T;hdi gian tfuy
trung binh trung binh trung binh van trung binh
S-Tree 0,42 0,55 0,476289 186,25 1/0s
Fuzzy Signatures N/A N/A N/A 20-50 1/0s
Fuzzy color histogram 0,50688 0,61625 0,55624 4,41863 sec
Interest region 0,85200 0,78375 0,81645 4,78516 sec
Phuong phap dé xuét 0,687480469 0,687487535 0,687484002 ec
6. KET LUAN

Bai bdo di tiép can qua trinh tao chi muc dya trén phan doan hinh anh dé tao thanh chit
ky nhi phan va cay da nhanh can bang dé tr do thuc hién bai toan truy van anh tuwong tu dua
trén ndi dung. Bai bao da mo ta qua trinh phan doan hinh anh dya trén khong gian mau CIE
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L*a*b* va phép bién d6i Wavelet dé lam tién d tao chit ky nhi phan. Theo thyc nghiém cho
thy viéc truy van anh dua trén chit ky nhi phan mang lai nhiu hiéu qua ddng thoi gitp cho
viéc tim kiém nhanh va giam dang ké khong gian truy van trong qua trinh d6i sanh anh
tuong ty. Tuy nhién, d6i v6i phuong phép tao chi myc nhi phan nhu trén s& cho ket qua
chinh x4c thap néu anh bj phan tan mau sic va vi tri. Hon nita, néu thyc hién truy van truc
tiép trén dir liéu mo ta nay co thé t6n kém thoi gian néu nhu dir liéu chir ky anh Ion. Vi vay,
hudng phat trlen cua bai bao s€ tao ra chir ky nhi phan ctia hinh anh vira mé ta hinh dang, vi
tri va mau sic. Pong thoi thuc hién tién xir Iy gom cum chir ky twong tuy dé giup cho qua
trinh truy van nhanh va hiéu qua.

Loi cdam on: Nghién ciru nay dugc Truong Pai hoc Cong nghiép Thuc phdm TP.HCM tai
tro va dugc nhom nghién ciru SBIR-HCM, Truong Pai hoc Su pham TP.HCM ho trg vé
chuyén mon va co s VAt chit.
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ABSTRACT
A METHOD OF IMAGE RETRIEVAL USING BALANCE TREE

Nguyen Phuong Hac*, Van The Thanh
Ho Chi Minh City University of Food Insdustry
*Email: hachp@hufi.edu.vn

The paper approaches a method of image retrieval using balance tree to store meta-data
of image features by index to describe the shape of interest objects of image. In order to
extract interest objects, we propose the image segmentation method on the base of low-level
visual features including color and texture of image. The features are extracted at each block
of image by Wavelet transformation and CIE L*a*b* color space. From there, we cluster all
pixels to give connected regions; at the same time, we remove regions that have area less
than threshold. Based on extracted features, we find out the contrast of image in order to
extract background and foreground. On the base of segmented image, the feature indexes are
created in order to match similar images. Then, we create the balance tree to store the feature
indexes and search the set of similar images based on this structure. To illustrate the
proposed method, the paper builds application and assesses experimental results on image
databases including Corel and Image Object (MSRC). The results of our method are
compared with others and show the effective of our proposed method.

Keywords: Segmentation method, interest object, feature index.
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