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TOM TAT— Anh s6 da tré nén than thugc voi cuge song hang ngdy, Nén bai todn truy vin anh phit hop véi nhu cdu xd hi hién
nay. Bdi bdo tiép cdn xdy dung hé truy van dnh theo néi dung CBIR (Content-Based Image Retrieval) duwa trén chit ky nhi phan
(binary signature) va cay S-Tree. Pé tao chit ky nhi phdn, chung t0i ing dung phuong phdp gom cum K-mean dé tao dai mau tir tdp
hinh dnh gom 36,986 dnh. Tiép dén, bai bao thiét ké cau tric dit liéu cdy Sig-Tree duwa trén cdu tric dir lidu S-Tree, tir d6 mé td cdc
cac thao tac trén cay Sig-Tree. Nham danh gid dé twong tw giita cdc hinh danh, bai bdo img dung dé do Hamming, EMD (Earth
Mover Distance) trén khong gian mau CIE-Lab. Nhdam minh chimg cho 1 thuyét da dé nghi, ching t6i xdy ding thuc nghiém va
ddnh gid két qua trén cdc tdp dir liéu anh gom: COREL (1,000 dnh), Wang (10,800 anh), Bé swu tdp anh ImgCollect (36,986 dnh).

Tir khéa— CBIR, S-tree, Sig-tree, image retrieval, binary signature.
I. GIOI THIEU

Ngay nay, dit liéu da phuong ti¢n (van ban, hinh anh, &m thanh, video) dugc luu trir va ung dung rong rai trong
nhiéu hé théng nhu: hé thong thong tin WWW, hé thong thu vién sd, hé thong tra ctru video, hé théng thong tin dia 1y,
céc nghién ctru thién vin hoc, hé thong quan sat vé tinh, hé théng diéu tra hinh sy, tng dung y sinh, gido duc dao tao,
giai tri,... [4, 14, 16, 19, 23, 28].

Lyman va cong su dd udc tinh dung luong thong tin trén toan cu c6 hon 4 exabyte (1 exabyte = 1 ty gigabyte)
trong nam 2000. Theo Hilbert va Lopez wdc tinh dung luong thong tin toan cau ndm 2007 khoang 1.15 zettabyte (1
zettabyte = 1000 exabyte) [11]. Theo wéc tinh ctia Bohn va Short, nim 2008 dung lugng thong tin toan cau khoang 3.6
zettabyte va kich thudc gia ting trong nim 2011 khoang 1,800 exabyte gip 700 lan so voi dung lugng gia ting nim
2002 (khoang 2-3 exabyte) [19]. Theo nhu s6 liéu ctia hiép hoi ACI (Airports Council International), trong nim 2014,
trung binh mdi phit ¢6 2.5 triéu ndi dung duoc chia sé trén Facebook, co gan 300,000 tin nhén trén Twitter, c6 khoang
220,000 hinh anh méi trén Instagram, c6 khoang 72 gid ndi dung video dugc ding tai méi trén YouTube, co gan
50,000 ung dung duoc tai tir Apple, co trén 200 triéu Email méi, c6 trén $80,000 dugc mua tir Amazon [2]. Theo nhu
tap doan dir liéu thé gigi IDC (International Data Corporation), dung lugng dit liéu gia ting trong ndm 2012 1a 2,800
exabyte va udc tinh dung lugng gia ting cua ndm 2020 la 40 zettabyte [12].

Dit liéu da phuong tién, dic biét 1a anh s6 da tré nén than thude voi cude sdng hang ngy va duge st dung trén
nhiéu thiét bi khac nhau nhu camera, mobile, smartphone, tablet,... Theo nhu béo céo cua IDC, trong nam 2015 trén
thé gidi da tao va chia sé hon 1.6 nghin ty hinh anh, trong d6 70% hinh anh dugc tao ra tr thiét bi mobile [7]. Viéc sb
hoéa dir liéu da phuong tién da tao ra cac co so dir liéu khong 16 1am cho bai toan tim kiém ddi tugng trd nén phirc tap
va ¢6 nhiéu thach thirc nhu: phan 16p tu dong va truy xuét theo ndi dung ddi twong, tao chi muc va truy van nhanh cac
dbi twgng lién quan, giam khong gian tim kiém,...Hon nita, truy van hinh anh tuong ty tir tap dir liéu anh 16n 1a bai toan
quan trong trong linh vuc thi giac may tinh [1, 9]. Theo nhu két qua khao sat va dy bao ciia cac nghién ctru gan day cho
thdy viéc tim kiém cac hinh anh lién quan v&i yéu ciu ngudi dung 13 bai toan phii hgp voi nhu ciu xa hoi hién dai [2].

Phén co ban cua hé truy van anh 1a tao chi muc (indexing) va truy hdi (retrieval) nhim dua ra cac thong tin dap
(g yéu cu ngudi dung tai mot thoi diém trong mot linh vyc cu thé [18 19]. Viéc thiét ké chi myc, xay dung cau triic
dir liéu va dua ra thuat toan truy van chinh xac (hodc gan dung) voi dbi tuong truy van 1a trong tAm cua bai toan truy
van dir lidu anh [22, 28]. Van d& dat ra 1 xay dung phuong phap truy van anh hiéu qua, nghia 1a tim kiém nhanh céac
hinh dnh tuong tu trong mot tap dir liéu anh 16n. Hon nira, hinh anh 1a dang dir liéu khong c6 céu trac vi ndi dung ciia
cac doi tuong nay co tinh chat tryc quan [1], nén bai toan khai pha dit liéu anh (image mining) c6 nhiéu thach thirc va
1a dong lyc dé truy tim cac thong tin hiru ich tir cac tap dir lidu anh 16n.

Bai bao nay xdy dyng hé truy van anh theo ndi dung CBIR (Content-Based Image Retrieval) dua trén chi muc
nhi phan goi 1a chir ky nhi phan (binary signature). Nham thyc hién truy hoi théng tin, bai bao tiép can cau tric ciy
Sig-Tree nham luu trit chir ky nhi phan dé thyc hién truy tim hinh anh tuong tu. Cac dong gop ciia bai bao gom: (1) tao
dai mau bang phuong phap gom cum K-mean dé tir 6 tao chit ky nhi phan cho hinh anh; (2) Thiét ké cAu tric dit liéu
cdy Sig-Tree va dua ra cac thao tac trén cay Sig-Tree gom: chén ndt, tach nut, xo6a phan tir trén nat va tim kiém trén
cay; (3) Ung dung d6 do Hamming va d6 do EMD trén khdng gian mau CIE-Lab dé danh gi4 d6 twong ty giita hai hinh
anh qua chir ky nhi phan; (4) Xay dung hé truy vén anh CBIR, tir d6 danh gia va so sanh vdi cac phuong phap khac.

Phén con lai cua bai bio gém nhirng ndi dung nhu sau: Phin 2: Khao sat cac cong trinh lién quan nham danh
gia tinh kha di cua phuong phép truy vén anh dya trén chit ky nhi phan; Phén 3: Tao chir ky nhi phan dya trén dai mau
va danh gia d¢ do tuong tu giita hai hinh anh bfmg d6 do Hamming va d¢ do EMD trén khong gian mau CIE-Lab;
Phén 4: Trinh bay cau trac dir liéu cay Sig-Tree va cAc thao tac trén cdy dé tir d6 lam co sd thyc hién truy van anh
tuong tu; Phan 5: Xay dung Umg dung va déanh gia két qua thuc nghiém dya trén co s6 1y thuyét da dé nghi; Phén 6:
Dua ra két luan va hudng phat trién trong tuong lai.
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II. CAC CONG TRINH LIEN QUAN

Nim 1986, Uwe Deppisch dé gidi thiéu cdy S-Tree nhim nang cao hiéu qua tim kiém chit ky nhi phan va tng
dung trén céac tap dit liéu 16n [10]. Cay S-Tree 1a cdy can bang vé chiéu cao, tirc 14 cac nut 14 c¢6 ciing mot mirc. Trong
cay S-Tree co thé chira cic chir ky tring nhau twong tmg véi cac dbi twong dir liéu khac nhau. Pén nim 2003, Yannis
Manolopoulos va cong sy di phat trién cdy S-Tree va ing dung truy van cho dit lidu da phwong tién [15, 27].

Elizabeth Shanthi va cong su [24] da tiép can phuong phap truy van dit liéu dua trén chit ky nhi phan bang cac
chu trac dit litu khac nhau nhu SSF (Sequential Signature File), BSSF (Bit-Sliced Signature File), CBSSF
(Compressed Bit-Sliced Signature File), S-Tree, SD-Tree,... Trong bai b4o nay di thuc hién cac thao tac chén, tim
kiém va xoa chit ky trén cay SD-Tree. Trong thuc nghiém cua bai bao nay da cho théy phuong phap truy vén trén cay
SD-Tree cai thién dang ké toc do truy van. Trong phuong phap nay, cac nit trén cay déu co kich thudc c¢b dinh dé lién
két dén cac nut con theo chudi bit tién t6. Cac nut 14 van cé chiéu dai cd dinh va lién két dén cac niit & muc chir ky theo
gia tri khoa dugc danh déu theo vi tri bit 1. Tuy nhién, trén cy SD-Tree chi tim kiém cac chit ky nhi phan theo vi tri
cuia cac bit trén chudi va khong thuc hién truy tim cac chit ky tuong tu theo mot do do cho trude.

Theo tai lidu [21], J. Platos va cong su da tiép can phuong phap tim kiém anh dya trén cay S-Tree két hop véi
chir ky mo [26]. Hinh anh dugc chia thanh cac khéi béng nhau, chi muc ctia mdi khdi duge tao ra béng cach xép Xi trén
mot bang tra ctru; cac thanh phan cia bang tra ctru nay 1a cac chudi bit mé ta cac diém anh don sic trong khong gian
mau RGB. Vector dic tinh dugc tao thanh bang cach ghép ndi tat ca cac chi muc cua cac khéi trén hinh anh. Chit ky
mo la mot vector dugc xay dyng tiur gia tri tan suét cua cac chi muc. Viéc tra ctru hinh anh duge thue hién trén cay S-
Tree qua phép toadn mo va do do Euclidean. Trong phwong phap nay phu thudc vao kich thude cta bang tra ctru, néu
kich thudc bang tra ctru nho thi ¢6 do chinh xac thap vi chit ky nhi phan ciia mdi khdi c6 thé khong tuong ty voi tat ca
céc thanh phan trong bang; néu bang tra ctru ¢6 kich thudc 16n thi ddn dén kich thudc chir ky mo tré 16n hon (vi phai
bang kich thudc ciia bang tra ctru).

Theo tai liéu [26], Vaclav Snasel va cong su da tiép can ciu triic dit liéu cdy S-Tree dé Iuu trir chit ky md nham
truy van anh tuong tu dua trén do do Hamming. Tuy nhién, phép todn x6a mot phan tir trén cdy qua phtc tap va co thé
tai cau trac lai toan b cdy S-Tree. Do dd, can c6 mot phuong phap don gian hon nhung van khong anh huong dén két
qua truy van.

Theo tai liéu [15, 27], Yannis Manolopoulos va cong su da phat trién cdu tric ciy S-Tree va tmg dung truy van
anh tuong ty theo ndi dung dya trén d§ do Hamming. Trong cong trinh nay da mé ta thyc nghiém va danh gia két qua
trén bo dir liéu anh COREL va cho thiy tinh hiéu qua vé thoi gian truy vén. Trong chu trac cdy nay dua ra phuong
phap lién két don gian tir nut cha dén nit con, do do6 khi truy nguoc tir nit 1a tré veé nat gbe s& t6n kém nhiéu chi phi,
ddc biét 1a phép chén vao nit, tich niit va x6a nit s& lam thay doi céu tric cay theo hudng gdc. Ngoai ra, trong cong
trinh nay khong dé cap dén thao tac xoa nut trén ciy, phép tach niit dua trén phuong phap bac hai va bac ba tir d6 lam
cho qua trinh tao cay tén kém nhiéu chi phi.

Trén co s cAu tric cAy S-Tree va SD-Tree, bai bao trinh bay cau tric cay Sig-Tree nham don gian héa cac thao
tac trén cay S-Tree ciing nhu ting tinh hiéu qua truy van cc hinh anh tuong tu theo cac cum chir ky tai cac nit 14. Gitra
nat cha va nit con duge lién két véi nhau nham don gian hoéa thao tic truy nguoc tir nut 14 dén nat gbe. Dya trén chir
ky nhi phan da tao ra tir dai mau da c6, bai bao trinh bay hé truy vn anh theo ndi dung bang d6 do EMD dé tir d6 danh
gia phuwong phap trén cac bo dit liéu anh mau thyc nghiém.

III. CHU KY NHI PHAN VA PQ PO TUONG TU
A. Tao ddi mau co s¢

Theo cong trinh [31], Christian Wengert va cong su da tiép can tao chit ky anh va chit ky nhi phan dya trén mau
sic. Trong phuong phap nay tao ra dai mau (palette) dya trén khong gian mau CIE-Lab va gom cum K-mean dé tir d6
tao ra chit ky mau sac. Trén co s6 phuong phap nay, Chung t0i thyc hién phuong phap gom cum cac diém anh trong
khéng gian mau CIE-Lab nham xay dung cic dai mau dé 1am tién dé tao chir ky nhi phan. Trong thuc nghiém, ching
t6i tao cac dai mau gdm: 32 mau, 64 mau, 128 mau va 256 mau.

— ——

Hinh 1. Cac dai mau dé luong tir hinh anh, gdm: 32 mau, 64 mau, 128 mau va 256 mau
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B. Tao chir ky nhi phan dwa trén ddc trung mau sdc

Nhim tao chi muc nhi phan cho hinh anh va luu trit chir ky trér} cdy Sig-Tree, thi hinh anh dugc chuyén ddi tré
thanh chir ky nhi phan. V6i moi mau c¢; cua hinh anh dugc mé ta bang mét day bit b'b)..b’. Vi vy moi hinh anh
duoc mo ta thanh mot day bit S =bb)..of ... b?b?..b7 ... b'b].." . Trén co s¢ tham khao tai liéu [20], qua trinh tao chir
ky nhi phén cua hinh anh dugc mo ta theo cac budc nhu sau:

Buéce 1. Lugng tir hod mau sic ciia anh | trén dai mau C ={c,,c,,...,C,}, vector histogram mau ctia anh | Ia:
H =(h,h,..h) (3.1)

Buée 2. Thuc hién chuan hoa histogram cua anh | trén dai mau C duoc vector histogram chuén hoa
H =(h,h,,...,h,), véi mdi gia tri h €[0,1] dugc chudn hoa theo cong thirc:

h
p = W (3.2)

Budc 3. Mdi mau ¢} md ta thanh day bit c6 chiéu dai m 12 bb},...,b), do d6 chit ky nhi phan ciia dnh | la:

h

Sig(1) =b/b},...,bE b 0Z,...,b2..bby ..., b" (3.3)
b :{1 i=[hxm]
trong do: U =]
bat B’ =b/b)..b!, chir ky nhi phan cta anh | la:
SIG = B'B*..B" (3.4)
C. Tao chit ky nhi phéan dwa trén dic trung SIFT va mau sic

Bai toan dat ra 1a can nhan dién duoc tap cac diém dic trung trén hinh anh dé tir 6 chon vung ddc trung tuong
ung. Duya trén cac vung dic trung da dugc nhan dién nay, thuc hi€n moé ta chir ky nhi phan dé 1am co s& cho viée dbi
sanh hinh anh. Cé nhiéu phuong phap do tim dic trung thong dung da dwoc gidi thiéu [30], gdm phuong phap do goc
va canh dugc gidi thiéu vao nam 1998 boéi Harris va M. Stephens, phuong phap do tim ddc trung SIFT (Scale Invariant
Features Transform) dua trén phép loc ctia mit na tich chap gitra hinh anh va dao ham riéng DoG (Difference of
Gaussian) nham x4p xi toan tir Laplacian cia ham Gauss dugc gioi thidu nim 2003 boi D.Lowe, phwong phap do tim
dac trung SURF (Speeded Up Robust Feature) dugc gidi thi€u vao nam 2006 boi Bay va cong su, phuong phap do
diém dac trung Harris Laplacian dya trén toan tir Laplacian ciia ham Gauss dwoc gi6i thidu nam 2001 boi Mikolajezyk
va C.Schmid,... Phuong phéap tim diém dic trung Harris Laplacian c6 thé 4p dung cho anh mau va bét bién ddi v6i su
bién d6i cudng do anh ciing nhu bét bién dbi voi cac phép bién doi ti 16, phép quay, phép bién doi affine. Vi vay, bai
béo tiép can phuong phap tim dic trung SIFT dya trén phuong phap tim Harris Laplacian va ap dung cho anh mau. Tir
d6 1am co s tao ra chir ky nhi phan mo ta cac ving dic trung tuong ng véi cac diém dic trung da co.

Sau khi da c6 dac trung SIFT cda hinh anh, chung t6i thuc hién tao chit ky nhi phan mau sdc cua vung dac
trung. Viéc tao chit ky nhi phan nay tuong tuw nhu phan I11.B da trinh bay nhu trén.

Hinh 2. Minh hoa vé trich xuit dic trung SIFT theo phuong phéap Harris Laplacian

D. Dy do Hamming dap dung cho chit ky nhi phén
Goi SIG, va SIG, 1an luot 14 hai chit ky nhi phan ctia hai hinh anh | va J . D6 trung khop d, duoc dbi sanh
trén mdi phan tir cua hai chit ky duva trén d6 do Hamming dugc mé ta nhu sau:

g - {1 if (sig) =sig’)

0 if (sig’ =sig)) (35)
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Do do tuong tu ctia hai hinh anh 1 va J duoc dinh nghia la:
1 n
==>d 3.6
- Z;‘ . (3.6)

E. D¢ do EMD ap dung cho chit ky nhi phén

Vi khoang cach EMD duoc dung dé danh gia su khoang cach giita hai phan bd, nén phu hop cho viéc danh gia
su phan b mau sic giita cac thanh phan ctia hai hinh anh [32]. Hon nita, khoang cich Euclidean cta khong gian mau
CIE-Lab ddng nhét v6i nhéan thirc cia con ngudi [1, 17]. Vi vay, chung toi ing dung khoang cach EMD va khong gian
mau CIE-Lab d¢ danh gia d¢ tuong tu giita hai hinh anh.

Xét hinh anh 1 ¢6 chit ky nhi phan md ti mau sdc 1a SIG, = B!B?...B, trong s6 cta thanh phan B} la:

w/ =w(B) =/ x#xlOO) ,v6i Bi =bibJ..bj 3.7)
i=1
Do d9, vector trong s6 cta hinh anh 1 1

W, =W, w7, W) (3.8)
Goi J 1a hinh anh can tinh d6 tuong ty so v&i anh | , do d6 can cuc tiéu hod chi phi chuyén d6i phan bé mau
sic la: ZZdij fj,véi F= ( fij) 1a ma tran phan phdi ludng mau sic tir mau ¢! dén mau ¢! va D= (dij) la ma trdn
i-1 j-1
khoang cach Euclidean trong khong gian mau CIE-Lab tir mau c, dén mau ¢ J. Khi d6, d6 do twong tu gitta hai hinh
anh | va J dua trén khoang cach EMD I cuc tiéu hoa gid tri sau:

Y h)
EMD(I,J) = min == véi ZZfU _mln(ZW,,ZW) (3.9)
F=(1;) ZZ fij i=L j=1

i=1 j=1
IV. THIET KE CAU TRUC DU LIEU CAY Sig-Tree
A. Céu tric die ligu cay Sig-Tree

Tuong tw nhu ciy S-Tree, trong Hinh 3 mo té céu tric cdy Sig-Tree ciing gdm mot nit gbe, c4c niit trong va cac
nut 1. D€ d¢ dang doi sanh véi cac thanh phan trong mdt nit, moi nut trong cua cdy Sig-Tree dugc chia thanh hai phan
gom: (1) phan lién két dén nit cha dugce ky hiéu (signature, parent) mo ta chir ky to hgp trong nut va lién két ngugc
vé niit cha; (2) phan ngi dung 1a tap cac chir ky {SIG, = (signature,,next,)|i =1,...,k} mé ta cac chir ky cia mdi thanh
phéan va lién két dén cac nat con. Mdi nut 14 ciing gom hai phan 1a: phan lién két ntt cha (signature, parent) va phan
noi dung {SIG, = (signature,,0id,)|i =1,...,k} mé ta chir ky nhi phan ctia hinh anh tht i va ma s twong ng.

l VEnature IDmrA ‘r—J
5i6, [ siatore |[nest |

ISlG,. sigMature |\ next ]”r
I—— SIGy | sigrature I next l

el signature | Parent }
6, {sgnature | o4 16, [sgnaiwre | 0w
5iG; | sgnature | od [sgmluve [Parcnl} 5'6' o¢ l
i . z
Hottd 546, [ vgnaure | e | Nt s
SIG..i spnature -
NGLiS

Hinh 3. Minh hoa ciu triic dit liéu cay Sig-Tree

Trong thuc nghiém, mdi nat trong cdy Sig-Tree dugc luu trit dudi dang tap tin van ban va dugc lién két nhau dé
tao thanh mot cau truc cay (duge md ta & Hinh 3 va Hinh 4). Cau trac dir liéu cdy Sig-Tree dugc cai dat nhu sau:
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struct FileEntryNode

{ int Pos; //Vi tri ctua phdn tu trong nut
string oid; //Ma sb ctua hinh anh, néu 1la nut trong thi oid = null
string signature; //Chit ky clla mét thanh phdn trong nut
string FileNext ; //Lién két dén tap tin chtta nat con
string Filename; //M& ta tép tin chta ntt hién hanh

}

struct StreeNodeHeader

{ string FileNodeParent; //Lién két dén tap tin chtta nat cha
FileEntryNode EntryNodeParent; //M& ta lién két d&én nut cha
string FileNode; //M& ta tép tin chta ntt hién hanh
int CountNode; //sb6 luong chit ky trong nut
bool isLeaf; // Dung dé& kiém tra nat 1l&

}

struct FileStreeNode

{ StreeNodeHeader Header; // Phan lién két dén nUt cha
List<FileEntryNode> ListEntry; // Phén mé ta ndi dung cua nit

Hinh 4. Minh hoa mét niit gbc va mot nut 14 trong cay Sig-Tree
B. Phép té hop cdc chir ky trén cay Sig-Tree

Theo céu trac cay Sig-Tree, mdi phan tir ciia mot niit cha déu 1a t6 hop cua cac chit ky cia nit con. Do d6, néu
cac thanh phan cua nt con thay doi thi phai t6 hop lai cac chir ky cua nit cha va thuc hién cho dén nut goc. Thao tac
nay tuong doi don gian nhung thudng xuyén thyc hién vi cac thao tac trén cay déu anh huong dén cac thanh phan trong
mdt nut. Thuat toan td hgp cac nit trén cdy dugec mo ta nhu sau:

Thuidt toan 1: Té hop chit ky

Pdu vao: Nut v can td hop
Pau ra: Cay Sig-Tree sau khi td hop

Begin
If v_parent # null then
Signature = v (SIGi—>sig), vdéi SIG; € v;
v_parent — (SIG;— sig) = Signature;
Goil dé quy Thudt toédn 1 Ung véi v _parent;
EndIf
End

C. Phép tich mét nut trén cy Sig-Tree

Viée tao cdy Sig-Tree thyuc hién bang cach chén tig chit ky vao cdy, néu mot niit trong cdy bi day thi phai tach
thanh hai nat. Theo nhu tai liéu [5] va [6], phép tach mdt nit trong cdy S-Tree c6 do phirc tap 1a O(1*) va O(I®) tuong
g vé6i thut toan tach bac hai (quadratic split) va bac ba (cubic algorithm), véi | 1a sé chir ky ciia nut can tach.
Yannis Manolopoulos va cong sy di dé xuit phuong phap tach bac hai c6 do phirc tap O(1?), tich bac ba c6 do phirc
tap O(I®), tach nut dva trén phan cum phéan cép c6 d phirc tap 1a O(12) [15, 27]. Trong phuong phép tach bac hai thyc
hién phan phdi timg chit ky vao hai niit tng v6i hai chit ky o va # di chon trudc; mdi 1an thyc hién phan phdi, chon
chit ky ¢6 df sai biét trong s0 & 16n nhét. Viée chon lya cac chit ky dé phan phéi tao ra sy phan biét giita cac chir ky
trong hai nat da duoc tach. Doi voi phuong phap tach phan cum phén cap dugc thyc hién dya trén thao tac tron hai
cum chir ky c6 d6 sai biét gan nhat dé két qua cudi cung cd duge hai cum phén biét twong ing véi hai nat da dugce tach.

Tuy nhién, tht tu chon lya cac chir ky dé chén vao cac nut tach khong anh huong dén viéc tim kiém chit ky trén
cdy vi trong qua trinh tim kiém van phai kiém tra tit ca cc chit ky tai mdi nut trong cdy Sig-Tree. Hon nita, néu st
dung d6 do d giita hai chir ky va tmg dung thuét toan phan cum khong phan cdp K-mean vé6i s6 cum 1a k =2 thi van
dam bao tach thanh hai nat riéng biét. Két qua ctia qua trinh tach nit nay 1a tao thanh hai cum chir k¥ rdi nhau tuong
ung véi hai tdm 1a o va f3, mdi cum tuong tng voi mot nat trong cdy Sig-Tree. Khi d6, d6 phuc tap cta thuét toan chi
con O(l) va dugc thuc hién nhu sau:

Thudt todn 2: Tach mdt nut

Pdu vao: Tap cac chit ky S cua nat cdn téch
Pdu ra: Hai nut dia duogc tach gdm NodeA va NodeB
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Begin
Chon hai cht ky @ va B theo phuong phap tuyén tinh [15];
NodeA = {a}; NodeB = {f};
Foreach s; € S do
Tinh d6 do d(a,s:) va d(f,s:);
If d(a,s;) < d(f,s;) then
Chén chr ky s; vao NodeA;
ElseIf
Chén chtt ky s; vao NodeB;
EndIf
EndFor
End

Khi tich mot nut tré' thanh hai nit can bd sung hai chit ky to hop ctia hai nut nay vao nut cha. Néu viéc bd sung
nay lam cho nut cha trd nén day thi phai ti€p tuc thyc hién tach nut, do d6 cay Sig-Tree tang trudng theo hudng goc va
chiéu cao cua tat ca nut 14 ludn bang nhau. Thuét toan tach mot nit trong cay Sig-Tree dugc dé xuat nhu sau:

Thudt toan 3: Tach nut trong cdy Sig-Tree
Pau vao: Nut can tach v
Pdu ra: Cay Sig-Tree sau khi dugc tach

Begin
Tao tédp ch® ky S cua nut v;
Tao hai nat tadch NodeA va NodeB bang Thudt toan 2;
Tao hai chit ky td hop SigA, SigB clla hai nut NodeA, NodeB;
Géan v parent la nut cha cua nat v;
If v parent == Null then
Tao méi nat gbc Root = {SigA, SigB};
Elself
BS sung chit ky SigA, SigB vao nat v parent;
Té hop cac ch@t ky tu nat v_parent dén nut gbc;
If v parent diy then
Goi dé quy Thudt todn 3 Ung vdi nut v parent;
EndIf
EndIf
End

Goi n 14 s chit ky trén cdy; M va m 1an lugt 14 s0 chit ky nhiéu nhét va it nht tai mdi nit; theo tai ligu [15],
chidu cao tbi da cla cdy c6 thé dat dugc 1a h= flogm n— ﬂ Trong truong hop x4u nhét 1a tich mot nit 14 cua mot
nhanh cy c6 tat ca cac nat déu bi day, tirc 14 mdi nut con lai déu chira M chir ky. M&i 1an tach nut c6 d6 phirc tap
O(M), nén do phuec tap trong truong hop nay 1a O(M x| log, n—1]) ~ O(M logn).

D. Phép xda chir ky trén cdy Sig-Tree

Phuong phap xo6a chit ky trong cay S-Tree thuc hién tai nut 14 va da duoc tiép can trong tai liéu [10, 26]. C6 hai
truong hop nhu sau: (1) Néu nat hién hanh ¢6 nhiéu hon sé phan tir t5i thiéu thi chi can loai bé phan tir nay va to hop
lai cac chit ky tir nat hién hanh d&én nit gbc; (2) Néu s6 luong phan tir tai niit nay sau khi x6a it hon s6 luong t6i thiéu
thi phai x6a ludn ca nit hién hanh, sau d6 chén cac phan tir con lai vao cdy. Viéc x6a mot niit trong cdy dan dén phai
x6a di mot phan tir twong tmg cia nit cha. Néu nit cha sau khi x6a c6 sé phan tir it hon sb luong t6i thidu thi phai x6a
luén nat cha va thu gom cac chit ky tai nat 1a theo nut cha nay va thyc hién thao tac chén tré lai.

Trong trudng hop xAu nhét, thao tac x6a co thé tai tao lai toan bd cy Sig-Tree va tr¢ nén khong hiéu qua. Mot
giai phap dé xuat dé giai quyét trong truong hop nay do 1a thuc hién gin mi déi tugng oid = null néu nhu mot nat 14
sau khi x6a c6 s6 lwong phan tir nhé hon sb lugng tdi thiéu, tirc 1a khong thyuc hién x6a phan tir nay nhung khong dua
vao két qua truy véAn. Khi thuc hién thao tac chén chix ky tai mot nut 1a, néu sb luong phém ttr ¢6 oid = null nhiéu hon
s6 luong t6i thiéu thi thuc hién x6a cac phan tir c6 oid = null . Do d6, thuat toan xoéa chit ky tai mot nit 14 cua cay
duoc thyc hién don gidn nhu sau:
Thudt toan 4: Xdba chit ky ) ) )
B%u vao: Chit ky Sig vao nut 1l& v, sb chd ky toi thiéu m
Pau ra: Cay Sig-Tree sau khi xda chit ky

Begin
Khéi tao SIG = v.SIG sao cho v.SIG—>sig = Sig;
If (v.count > m) then
Xéa phln tu v.SIG;
Thuc hién td hogp céc chit ky tl nat v trd vé nat gbc;
ElseIf
v.SIG — oid = null;
EndIf
End

E. Phép chén chit ky trén cdy Sig-Tree

Theo nhu cach tiép cén ctia Uwe Deppisch va Vaclav Snasel [8, 26], thao tic chén chir ky nhi phén duoc thuc
hién tai nut 14 ctia cay. Budc dau tién cua thao tac chén nay 1a tim ra nat 14 phu hgp dua trén mdt d¢ do cho trude. Néu
thuc hién phép chen 1am cho nit 14 bi day thi thuc hién phép tach nut. Trong phuong phap tiép cén cua bai bao, tai cac
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nut 14 c6 thé chira cac phan tir tréng (tirc 1a ¢ oid = null ). Vi vay, mdi lan chén chit ky vao nut 14 thyuc hién dém sb
phan tir khac trng, néu vuot qua sé lugng tdi thiéu thi thuc hién x6a cac phan tir trong ndy, sau d6 cap nhat cac chir ky
t6 hop tir nut 14 dén nat gdc. Néu mot nit 14 bi diy thi thuc hién phép tach nat theo Thugt toan 3 da dé nghi nhu trén.
Thuat toan chén chir ky vao cdy Sig-Tree dugc mo ta nhu sau:

Thudt toan 5: Chen chit ky
Pdu vao: Chit ky Sig vao nat v
Pdu ra: Cay Sig-Tree sau khi chén chi ky
Begin
If (v 1la nGt 14) then
Chén chtr ky Sig vao nut v;
If sb luong phdn t nat v > m then
Xbéa cac phdn tu trdng trong nat v;
EndIf
Thuc hién td hogp céc chit ky tl nat v trd vé nat gbc;
If ntt v diy then
Tach nut v theo Thudt toan 3;
EndIf
ElseIf
Chon phdn t& SIG € v sao cho d6 do d(SIG.Sig,Sig) nhdé nhét;
v = SIG—next;
Goi dé quy Thudt toan 5 Ung véi nat v d& cdp nhat;
EndIf
End
Gia str ban dau xuat phat tir nit goc cua cdy Sig-Tree. Budc dau tién cua thao tic chén la duyét qua cac nit tur
goc dén 1a. Trong truong hop xau nhat 1a phai duyét qua M phan tr tai moi nut cua cdy, tic c6 dd phuc tap la
oM ><[Iogk n— 1—|) Sau khi thyc hién thao tac chén thi c¢6 thé thyc hién tach nut, do d6 do phurc tap ctia toan b thao
tac chén mot nat trén cay la O(M ><ﬂogk n— l—|)><O(M ><f|0gk n— 11) ~O((M logn)?) .

F. Truy vin trén cdy Sig-Tree

Theo nhur céch tiép can cia Uwe Deppisch [10] va Yannis Manolopoulos [15], phép tim kiém dugc duyét theo
muc cua cdy va thyc hién trén co s¢ goi d€ quy tai moi murec. Nhiam don gian hoa qua trinh tim kiém trén cay Sig-Tree,
bai bao mé ta viéc thyc hién tim kiém trén co s¢ duyét cac thanh phan phu hop cua m01 nat va dua vao cau trac
STACK. Goi n 1a sd chir ky trén cay Sig-Tree, trong truong hop x4u nhit c6 thé di qua tit ca cac hudng trén ciy. Do

phirc tap trong truong hop nay la: O(n ><[Iogk n —1—|) . Thuat toan truy tim cac chir ky tuong tu trén cay Sig-Tree dugc
mo ta nhu sau:

Thudt todn 6: Truy van anh trén cay Sig-Tree
Pau vao: Chir ky Sig truy vin va Cay Sig-Tree
Pidu ra: Tap cht ky va dinh danh Sigoid = {(sig:, oid)| i = 1,..,p}

Begin
Khoi tao: v = Root; Sig0id = &; STACK = O
While (not Empty (STACK)) do
v = Pop (STACK) ;
If (v Khéng phai nGt 14) then
Chon SIGee v sao cho dé do d(SIGy—>sig, Sig) nhoé nhét;
Push (STACK, Sigo—next) ;
Else
Sig0id = Sig0id U {(v—>sig:, v—oid:)| 1 = 1,..,|vI|};
EndIf
EndWhile
End

Sau khi tim duoc cac chit ky tuong ty tai cac nit 14 cua cac hinh anh, dua trén cac mi s6 oid twong ing véi cac
chit ky nhi phén, ta thuc hién truy tim cac hinh anh tuong tu trong tap dir liéu anh twong Gng dé cé dugc bd anh tuong
ty mong muon.

V. THUC NGHIEM
A. Xdy dung irng dung thuc nghiém

Ung dung thuc nghiém mé ta trong Hinh 5 dwoc chia 1am hai giai doan gdm: (1) Tao chi muc nhi phan cho tap
dir liéu hinh anh va luu trir Ién cay Sig-Tree; (2) Thyc hién truy tim cac hinh anh twong tu sau khi da c6 danh sach ma
s6 cac hinh anh tuong ty theo ndi dung véi anh truy van.

Giai doan tién xir Iy dwgc thuc nghiém trén may tinh c6 bo xir 1y Intel(R) Xeon(R) X3440 @ 2.53GHz x 2, h¢
diéu hanh Windows Server 2008 R2 Enterprise 64-bit, RAM 8.00GB; Giai doan truy van anh dugc thyc thi trén may
tinh c6 bo xir 1y Intel(R) CoreTM i7-2620M, CPU 2.70GHz, RAM 4GB va hé diéu hanh Windows 7 Professional.
Thuyc nghiém dugc kiém tra trén cac b anh gobm COREL (1,000 anh), Wang (10,800 anh), ImgCollect (36,986 anh).



466 MOT SO CAI TIEN CHO HE TRUY VAN ANH DUA TREN CAY S-TREE

| — ——— Taty S—

P

— ' - -
- e b
J . .ime My - niay
= : s —
e ¢ - . § " 5 o
»-, - oy g = —
T .azv g
- - o ‘oo - "o
—— 3~ — e [~ .
— L o
{_" erw hge=—a AR
———d S -

I £

Nt Grw + W, D ——

Hinh 5. M6 ta (ng dung truy vén anh trén tap ImgCollect (36,896 anh) theo cac dai mau: 64 mau va 128 mau
B. Két qud thwe nghi¢m

Dé danh gia tinh hiéu quéa ctia hé truy van CBIR, phan thyc nghiém ciia bai bao tinh cac gia tri gdm: d¢ chinh
xac (precision), d6 phu (recall) va d6 do dung hoa (F-measure). Cac gia tri thyc nghiém mé ta dudong cong recall-
precision va dugc cong dic tinh ROC (Receiver Operating Characteristic). Theo Alzu’bi va Jenni [3, 13], cac gié tri
danh gi4 higu suit dugc mo ta theo cong thirc nhu sau:

(relevant images Nretrieved images)

recision = - - 1
P retrieved images 1)
recall — (relevant images Nretrieved images) -

relevant images (5-2)
E _ measure = 2x (prec-ls-lon x recall) (5.3)
(precision + recall)

Trong d6, relevant images 1a s lugng anh tuong tu véi anh truy van c6 trong tap dit liéu anh; retrieved images
la so lugng anh da truy van dugc.

Bang 1. Danh gia hiéu suét trung binh cta cic phuong phap trén cac bo dir liéu

A A A -
2 x So So A e - S0 phép
) Théi gian Tongso ot ugng  Tite  POChIMh po ohi Pd do Thoi gian toan
Tén Phuong A phép toan ; % LZ Xac . - truy van n
CsDL phap tao0 cdy thuc hién la mau kiém trung trung F-measgre trung binh thuc hi¢n
(milli gidy) 20 CAY cia kiém thir binh binh trung binh (milli gidy) truy van
20 cay cay thir glay trung binh
H-MPEG7 10,374.0180 78,926 13 691 69.10%  0.727945007  0.728254451  0.728099696  4.470049638  42.51664255
HR-MPEG7 5,974.8081 84,305 14 654 65.40%  0.73675841  0.737549361  0.737153673 4.86606208 47.49235474
COREL E-MPEG7 20,217.6365 8,425,717 16 578 57.80%  0.717266436 0.717538139  0.717402262  3.805543253  43.79238754
ER-MPEG7 15,958.8275 9,184,228 17 626 62.60%  0.739472843  0.739783073  0.739627926  4.535472364  48.64217252
EP-64 67,840.0957 25,123,957 22 512 51.20%  0.687480469  0.687487535  0.687484002  8.257046875 59.5859375
EP-256 587,575.1129 64,311,879 14 544 54.40%  0.843602941 0.843331798  0.843467348  26.81254688  60.05882353
H-MPEG7 56,788.2505 1,630,451 153 2,890 26.76%  0.756657439  0.577469804  0.655030209  39.57224948  337.7806228
HR-MPEG7 59,261.3933 1,553,154 155 2,611 24.18%  0.738521639 0578869932  0.649021871  34.62357687  359.2830333
WANG E-MPEG7 136,801.3689 107,776,364 177 2,500 23.15% 0.736752 0.578271586  0.647962138  36.33558544 345.4544
ER-MPEG7  148,198.4766 113,271,910 185 2,325 21.53% 0.724 0.566786346  0.635819112  28.65708374  355.2197849
EP-64 860,989.2461 269,556,572 191 2,736 25.33%  0.802697368  0.658330355  0.723381268  91.95805691  553.3815789
EP-256 12,202,465.4815  1,123,060,059 184 4,276 39.50%  0.908543031  0.834190753  0.869780803  298.5712446  692.9471469
H-MPEG7 534,160.5293 6,014,781 549 5,473 14.80%  0.889420793  0.542777417  0.674149035  164.9390066  1376.397771
HR-MPEG7  499,185.2694 6,893,898 715 5,289 14.30%  0.951796181  0.511041921  0.66501925 153.9208601  1518.078843

E-MPEG7 1,105,698.7514 399,628,572 627 3,286 8.88% 0.857577602  0.532540704  0.657059156 137.257453 1284.471394
ER-MPEG7  1,002,223.7651 398,839,670 623 4,581 12.39%  0.871731063  0.59175723 0.704963834 130.9673552 1317.882558
EP-64 4,207,389.7730 931,274,257 647 6,348 17.16%  0.899774732  0.676759198  0.772493144 353.9520398 2045.435885
EP-256 48,544,118.4751  3,817,477,152 596 12,220 33.04%  0.955059738  0.859059351  0.904519448 1128.856025 2423.78036

ImgCollect
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Trong thuc nghi¢m, bai bao thyc hién truy vén trén cac tdp anh gém COREL, Wang, ImgCollect ttng véi 6
phuong phép truy van anh duya trén chit ky nhi phan gdm: (1) Sir dung 6 do Hamming két hgp dai mau MPEG7 (H-
MPEG7); (2) Trich xuat viing cuc bd va sir dung d6 do Hamming két hgp dai mau MPEG7 (HR-MPEG?7); (3) Sir dung
d6 do EMD két hop dai mau MPEG7 (E-MPEG7); (4) Trich xuét ving dic trung va sir dung d6 do EMD két hop véi
dai mau MPEG7 (ER-MPEG7); (5) Str dung d6 do EMD két hop v6i 64 mau (EP-64); (6) St dung do do EMD két hop
v&i 256 mau (EP-256).

Trong Bang 1 da cho thiy phuong phép EP-256 ¢6 d6 chinh xdc cao hon cac phuong phép con lai. Tir d6 cho
thdy sy hiéu qua ctia phuong phép truy van anh dua trén cdy Sig-Tree da dugc dé xuat. Thoi gian truy van clia cac
phuong phap dugc do trén milli gidy, tir d6 tinh gia tri trung binh. Tir Bang 1 cho thay, thoi gian truy van trung binh
cta phuong phap EP-256 trén tdp anh COREL la 26.81254688 milli gidy, trén tdp anh Wang 1a 692.9471469 milli gidy
va trén tap anh ImgCollect 1a 2423.78036 milli giy.

Thoi gian tao cdy Sig-Tree trong phuong phap EP-64 va EP-256 lau hon cac phuong phéap khac. Ddi voi tap dir
liéu COREL, thoi gian tao cdy cua hai phwong phap nay lan lugt 1a 67,840.0957 milli gidy va 587,575.1129 milli gidy
(tire 1a khoang 67.840 gidy va 587.575 gidy). Pdi vai tap dit liéu Wang, thoi gian tao cdy cua hai phuong phéap nay lan
luot 1a 860,989.2461 milli gidy va 12,202,465.4815 milli gidy (tirc 1a khoang 14.3498 phit va 203.3744 phat). D6i voi
tap dir liéu ImgCollect, thoi gian tao cAy cua hai phuong phap nay lan luot 1a 4,207,389.7730 milli gidy va
48,544,118.4751 milli giay (twe 1a khoang 1.168719 gi¢ va 13.48447735 gio). Tuy nhién, viée tao cdy Sig-Tree la pha
chuén bi dir liéu, khong anh huong dén thoi gian truy van anh.
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Hinh 6. D) thi recall-precision va duong cong ROC trén b dit lidu COREL cua cic phuong phap
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Hinh 8. D4 thi recall-precision va duong ROC trén b dit liéu ImgCollect cuia cic phuong phap
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Moi dudng cong trong Hinh 6 mo ta chi tiét v& d6 chinh xac truy vin anh ting phuong phap trén tap anh
COREL (1,000 anh). Theo nhu két qua thyc nghiém tai Hinh 6, phuong phap EP-256 ¢6 d¢ chinh xac cao hon tat ca
cac phuwong phap con lai. Pidu nay chimg t6 sy hi¢u qua ctia phuong phap truy van anh str dung chit ky nhi phan va cay
Sig-Tree, nghia 1a thoi gian thuc thi nhanh va c6 d6 chinh x4c cao. Trong Hinh 7, mdi dudng cong mé ta dd chinh xac
clia tirng phwong phap da mé ta nhu trén theo bo dit liéu anh Wang (10,800 anh). Theo nhu két qua thuc nghiém trén
bo dir liéu anh Wang cho thdy do chinh xac cta phuong phap EP-265 vin vuot troi so véi cac phuong phép khéc.
Trong Hinh 8, biéu dién duong cong mé ta do chinh xac- do phu va duong cong ROC cuia cac phuong phap nhu da md
ta trong Bang 1 trén b dir liéu ImgCollect (36,986 anh). Theo nhu két qua cho thiy, do chinh xac ctia phuong phap
EP-256 cao hon so v6i cac phuong phap khac cung thé loai. Qua thuc nghiém trén ba bo dir liéu khac nhau cho thay
tinh hiéu qua cua cac phuong phap truy van anh theo noi dung dua trén chir ky nhi phan va cay Sig-Tree. Vi vay, cac
cai tién trén cay Sig-Tree thé hién tinh ding dan va phi hop cho bai toan truy van anh.

C. So sdnh két qua thwe nghiém

Chuing t6i str dung hai phuong phap EP-64 va EP-256 d¢ so sanh véi cac phuong phap khac di cong bb trén bo
dir liéu anh COREL, gom: (1) Phuong phap KD-Tree [32]; (2) Phuong phap S-Tree [15]; (3) Phuong phap QBIC,
Fuzzy Signature [25]; (4) Phuong phap color histogram, fuzzy-color histogram, bit-planes [30]; (5) Phuwong phap dbi
sanh histogram vung dac trung [29].

Bang 2. So sanh do chinh x4c truy vén giita cac phuong phép

Phurong phap b6 chinh xac DG phu Do do F-measure Thoi gian truy van
trung binh trung binh trung binh trung binh
KD-Tree [32] 0.876031667 N/A N/A 93; 63; 46 (msec)
S-Tree [15] 0.42 0.55 0.476289 186.25 1/0s
QBIC [25] N/A N/A N/A 2-40 sec
Fuzzy Signatures [25] N/A N/A N/A 20-50 1/0s
Color histogram [30] 0.29125 0.06400 0.104940 4.43750 sec
Fuzzy-color histogram [30]  0.37438 0.08100 0.133184 4.25625 sec
Bit-planes[30] 0.52938 0.12125 0.197308 4.18516 sec
Interest point [29] 0.65688 0.70500 0.68009 4.70938 sec
Sub-color histogram [29] 0.49125 0.61063 0.54447 4.43638 sec
Fuzzy color histogram [29]  0.50688 0.61625 0.55624 4.41863 sec
Interest region [29] 0.85200 0.78375 0.81645 4.78516 sec
EP-64 0.687480469 0.687487535 0.687484002 8.257 msec
EP-256 0.843602941 0.843331798 0.843467348 26.813 msec

Theo s6 liéu so sanh tir Bang 2 cho thdy phuong phép truy vén anh theo n6i dung dya trén chir ky nhi phan va
cay Slg -Tree c6 thoi gian truy van nhanh hon cac phuong phap khéac ddng thoi van dam bao do chinh xac cao. Tir d6
cho thay phuong phap da dé xuét hiéu qua dbi véi bai toan truy van anh tuong tu.

VI. KET LUAN

Trong bai bao da tiép cap xay dung hé truy van anh theo ndi dung dua trén chit ky nhi phan va cay Sig-Tree. Bai
bao da mo ta cach tao chit ky nhi phan dé tao thanh chi muc cho hinh anh, déng thoi bai bao da thiét ké cdu tric cay
Sig-Tree ciing nhu cac thao tac twong ing. Trén co s 1y thuyét da dé xuat, bai bao mé ta ing dung thuc nghiém qua
nhiéu phuong phép bién thé khic nhau nhim minh chimg réng phuong phép dé xuit 1a mot giai phap ding dan. Két
qua thue nghiém cua hai phuong phap chinh do la EP-64 va EP-256 cing dugc so sanh v6i cac phuong phap khac.
Theo nhu két qua thyc nghiém cho thay phwong phap di dé xuat la giai phap t6t de gidi quyét bai toan truy van anh
theo ndi dung, hon nira déy ciing 1a mét giai phap hi€u qua. Trong phan phat trién tiép theo, nhom tac gia két hop
phuong phap gom cum khéong phan cép véi céu tric Slg -Tree dé thuc hién cac thao tac tach/ghép cum tai Cac nut ctia
cay, hon nita cac cum tai nut trong cay lién két lang giéng véi nhau dé tir d6 tang toc do truy van anh.

VILLOI CAM ON

o Nhom tac gia xin chan thanh cdm on Khoa Céng nghé Thong tin, T}"uémg DPH Khoa Hoc — Dai hoc Hué 14 noi
¢0 van chuyén mén cho nghién ctru nay. Nhom tac gia xin gtri 161 cdm on dén Trung tim Cong nghé Thong tin, Truong
PH Coéng nghiép Thuc pham Tp.HCM la noi bao trg cho nghién ciru nay.
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IMPROVING FOR CONTENT-BASED IMAGE RETRIEVAL USING S-TREE
Van The Thanh, Le Manh Thanh

ABSTRACT— Digital image has been becoming the popular things in the life of people, so the image retrieval problem is a need of
modern society. This paper approaches the CBIR (Content-Based Image Retrieval) based on binary signature and S-Tree. To create
the binary signature, we apply K-mean method to create the color palette from a set including 36,986 images. Next, the paper gives
the Sig-Tree data structure rely on S-Tree, then we describle the operators on this tree. The paper uses Hamming, EMD distance
(Earth Mover Distance) and CIE-Lab color space to assess the similarity measure between images. In order to show the proposed
theory, we build the applications to assess the experimental results on the image databases including COREL (1,000 images), Wang
(10,800 images), ImgCollect (36,986 images).



