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TOM TAT: Pd c6 nhiéu phirong phdp tra ciru anh phdn héi lién quan sir dung mdy vécto ché tro (SVM). Tuy nhién, cdc phirong
phép ndy chuwa quan tam dén su cdn bang ciia hai I16p trong qud trinh phdn héi ciia nguoi ding dan dén dé chinh xdc thap. Trong
bai b&o nay, chiing téi dé xudat mét phicong phdp tra ciru anh phan héi lién quan hiéu qua goi la RFBC (Image retrieval using
relevance feedback with balanced classes), cho phép nang cao dg chinh xdac h¢ théng tra ciru dnh lhong qua viéc cdn bang s6 mau
trong méi I6p cia tap vi du hudn  luyén.  Phirong phdp ciia chiing t6i tan dung sw ddnh gid cia nguoi dimg dé xdc dinh vi tri c6 the
thu duwoc hai lop c6 $6 lwong méu cdn bang. Ching i ciing cung cdp cdc két qua thue nghiém trén co sé dir liéu dic trung gom
10800 dnh @é chi ra dé chinh xdc ciia phwong phap.

Tir khéa: Tra ciru dnh dira vio néi dung, khong gian ddc trimg, truy vén t6i wu, phan héi lién quan véi cdc I6p can bang.

I. GIOI THIEU

Tra ctru anh dya vao ndi dung (CBIR) da thu hut nhiéu sy quan tim trong nhitng thap ky qua [1, 2, 3, 4, 5]. Céc
hé thong CBIR truyén théng thuong sir dung d6 do khoang cach Euclidean trong mot khong gian déc trung muc thip
nhiéu chiéu dé do do tuong ty gitra anh truy van va cac anh trong co so dir lidu [1, 2,3, 4, 6]. Tuy nhién, d¢ do khoang
cach Euclidean trong khong gian nhiéu chiéu thuong khong hiéu qua do khoang tréng giita cac didc trung mirc thip va
cac khai niém nglr nghia mutc cao.

Pé thu hep khoang tréng ngit nghia, phan hdi lién quan dugc gi6i thiéu nhu mot cong cu manh dé ting cudng
hiéu niang cua CBIR [7,8]. Huang va cong su dé gidi thidu ca hai k¥ thuat danh lai trong sé va dich chuyén diém truy
van [9,10]. Mot anh xa ty t6 chirc duoc sir dung dé xay dung cac thuat toan RF [11]. Trong [12], may vécto hd tro
(SVM) mot 16p danh gia mat 6 cta cac mau phan hoi tich cyc. Bét ngudn tir SVM mét 16p, mot biased SVM (BSVM)
thira huong su thanh cong cia SVM moét 16p nhung két hop céc mau phan héi tiéu cuc [13]. Xem xét cau trac hinh hoc
cua cac dac trung tryc quan mirc thdp [14] va [15] da dé xuat cac cach tiép can dya vao hoc da dang dé tim cau tric noi
tai ctia cac anh va cai tién hiéu nang tra cru. V&i quan sat rang “tt ca cac mau tich cyc 1a nhu nhau; mdi mau tiéu cyc
1a tiéu cuc theo cach riéng cta no”, RF dugc phat biéu nhu bai toan hoc khong gian con léch (biased), trong d6 c6 mot
s6 cac 16p chua biét, nhung ngudi dung chi dé cap dén 16p tich cuc [16, 17, 18]. Tuy nhién, tat ca cac phwong phap nay
¢6 mot s6 gioi han. Ching han, phuong phap trong [9] va [10] dwoc dwa vao kinh nghiém, phuong phéap wéc luong mat
d6 trong [12] bo qua moi thong tin chira trong cic mau phan hdi tiéu cuc va cac ky thuat hoc khong gian con phén biét
trong [16] va [18] thudng bi van dé “c& mau nho”. Xem cac phan hoi tich cuc va tiéu cuc nhu hai nhém khéc nhau, cac
RF dya vao phén 16p [19, 20, 21] da tré thanh mot k¥ thuat phd bién trong cong dong CBIR. Tuy nhién, RF rat khac so
v6i bai toan phan 16p truyén thong boi vi cac phan hdi duge cung cap boi ngudi dung thuong bi gidi han trong cac hé
thong tra ctru anh thyc. Do d6, cac phuong phép hoc mau nho 1a hira hen cho RF.

SVM hai 16p 1a mdt trong cac phuong phap hoc mau nho phd bién duge st dung rong rii trong nhimg ndm gin
day va thu dugc hiéu ning t6t trong phan 16p vi kha néng tong quat cia né [20, 21, 22, 23, 24]. SVM c6 thé thu dugce
mdt rii ro cAu triic cuc tiéu bang viée cuc tiéu cac chidu Vapnik-Chervonenkis [23]. Guo va cong sy di phat trién mot
do do tuong tyr ¢6 rang budc cho tra ctru anh [22], hoc mdt bién ma chia cac anh thanh hai nhém va cac mau bén trong
bién dugc phan hang béi khoang cach Euclidean ddi véi anh truy van. Phuong phap hoc SVM tich cuc lya chon céac
mAu gan v6i bién nhu cac miu thong tin nhit cho ngudi dung gin nhin [24]. C4c k¥ thuat ldy mau ngdu nhién duoc ap
dung dé giam sy khong 6n dinh, d6 1éch va cac van dé qua khép trong phan héi lién quan véi SVM [21]. Li va cong su
da d& xuat mot phuong phap SVM da huén luyén bang viéc thich nghi mot k¥ thuat dong huan luyén va mot phwong
phap 1y mau ngau nhién [25]. Tuy nhién, hau hét cic cich tiép can SVM bo qua su khic nhau co ban giira hai nhém
phan hoi riéng biét, tirc 1a tt ca cac phan hoi tich cuc ciing mot khai niém tuong ty trong khi mbi phan hoi tiéu cuc
thuong thudc vé cac khai niém khac nhau. Cac k¥ thuat phan hoi lién quan SVM truyén thng coi cac phan hi tich cuc
va tiéu cuc 1a ngang bang nhau [20, 21, 22, 24, 25]. Sir dung tryc tiép SVM nhur mét luge do RF s& gay nguy hai tiém
nang dén hi€u nang cua cac hé théng CBIR. Mot van dé bat nguén tur thuc té ré“_mg cac khai niém nglr nghia khac nhau &
trong cac khong gian con khac nhau va né 1a muyc dich cua céac lugce dd RF dé tim ra “khong gian con nao” [16]. Tuy
nhién, né s& la mot ganh nang cho cac luge dd RF dya vao SVM dé diéu chinh cac tham s6 cuc bo dé thich nghi cac
thay d6i ciia khong gian con. Cac kho khan d6 lam giam do chinh xac ciia cac cach tiép can SVM truyén théng cho
CBIR. Ngoai ra, nd 1a vin d& dé két hop thong tin ctia cac mau chwa duge gan nhin vao cac luge dd RF dya vao SVM
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truyén thong cho CBIR, mic du cac miu chwa gan nhén 1a rat hitu ich trong xay dung bo phén 16p tdi wu, giam nhidu
va tang cuong hiéu nang cua h¢ thong.

_Ngoai cac gi6i han nhu da dugc trinh bay ¢ trén, cdc nghién ctru ¢ trén chua quan tdm dén Vé{l dé'cén bang s6
cac mau cua hai 16p trong tap vi du hudn luyén. Han ché nay la mét trong nhiing nguyén nhén chinh dan dén hiéu nang
cua h¢ thong chua cao. Chung t6i s€ chi ra han ché nay thong qua thuc nghi€ém nhu sau:

Chung toi tién hanh thuc nghiém voi 30 truy van (duoc 1ay ngau nhién trong co s¢ dir liéu déc trung Corel®).
M01 truy van duoc thyc hién hai lan 13p phan hoi sir dung SVM [26]. V&i mbi truy van chung t6i thu dugc hai 16p va

s0 cac mau tuong g voi mdi 16p cing véi ti 1¢ chénh 1éch giira hai 16p (1a ti s6 giira s6 lugng chénh léch giira hai 16p
v6i 6 lugng ciia 16p 16n nhat) nhu dugc chi ra trong Bang 1.

Bang 1. Ti 1& chénh 1&ch giita hai 16p trong tap vi du huan luyén thu dugc tuong ing v6i mdi truy van.

<77 | 1D énh S6 miu 16p| S6 miu lép | Til¢ chénh s77 | ID dnh S6 miu 16p| S6 méu 16p | TiI¢ chénh
truy van | tich cuc tiéu cure 1éch (%) truy van | tich cue tiéu cuc 1éch (%)
1 8114 17 83 79.52 16 3775 47 53 11.32
2 2755 27 73 63.01 17 2121 4 96 95.83
3 5464 5 95 94.74 18 2708 16 84 80.95
4 7548 46 54 14.81 19 6643 3 97 96.91
5 9619 4 96 95.83 20 5103 46 54 14.81
6 10356 42 58 27.59 21 3791 13 87 85.06
7 5907 17 83 79.52 22 8956 5 95 94.74
8 1497 8 92 91.30 23 6308 14 86 83.72
9 1612 78 22 71.79 24 5925 59 41 30.51
10 2779 14 86 83.72 25 9884 9 91 90.11
11 9072 1 99 98.99 26 3080 28 72 61.11
12 2744 23 77 70.13 27 8159 3 97 96.91
13 8785 15 85 82.35 28 8120 23 77 70.13
14 2627 25 75 66.67 29 4099 31 69 55.07
15 10024 3 97 96.91 30 6117 8 92 91.30

Tir Bang 1, ching ta thdy ring, cac truy van c6 ti 1& chénh léch cuia hai 16p cao 1a 5464, 9619, 1497,
9072,10024, 2121, 6643, 8956, 9884, 8159, 6117. Céac truy van c6 ti 1& chénh léch cta hai 16p thap 1a 7548, 10356,
3775, 5103, 5925. Thyc hién tra ciru anh st dung bd phan 16p SVM ddi véi mdi truy vén, chung ta nhan dugc cac Kkét
qua tra ctru nhu trong Bang 2 ¢ dudi:

Bang 2. B chinh x4c? tra ciru cua 30 truy véAn trong Bang 1

STT ID anh Tilé chénh | D§ chinh xac STT ID 4nh | Til¢ chénh | D§ chinh

truy van 1&ch (%) (%) truy van 1éch (%) xac (%)
1 8114 79.52 28 16 3775 11.32 50
2 2755 63.01 39 17 2121 95.83 4
3 5464 94.74 6 18 2708 80.95 22
4 7548 14.81 68 19 6643 96.91 8
5 9619 95.83 5 20 5103 14.81 85
6 10356 27.59 77 21 3791 85.06 14
7 5907 79.52 27 22 8956 94.74 7
8 1497 91.30 9 23 6308 83.72 28
9 1612 71.79 92 24 5925 30.51 86
10 2779 83.72 19 25 0884 90.11 11
11 9072 98.99 1 26 3080 61.11 47
12 2744 70.13 42 27 8159 96.91 4
13 8785 82.35 19 28 8120 70.13 36
14 2627 66.67 48 29 4099 55.07 43
15 10024 96.91 5 30 6117 91.30 17

Chung ta thdy rdng, trong Bang 2, céc truy vén c6 ti 1¢ chénh léch giita hai 16p cao nhu 5464, 9619, 1497,
9072,10024, 2121, 6643, 8956, 9884, 8159, 6117 c6 d¢ chinh tra ciru trung binh 1a 7%, cdc truy van c6 ti 1¢ chénh léch
gitra hai 16p thap nhu 7548, 10356, 3775, 5103, 5925 c6 d9 chinh tra ciru trung binh 1a 73.2%. Pi€u nay cing co cho

! https://sites.google.com/site/dctresearch/Home/content-based-image-retrieval (Download Itc 6:32 AM ngay 25/12/2016)
2 Po chinh xac 12 ti s gitra s6 cac anh lién quan véi anh truy van trong tap két qua tra vé trén tong sé cac anh tra vé
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khing dinh cta ching t6i ring “hiéu ning ciia hé thong tra ctru anh stir dung SVM ting cao khi s6 luong mau cia hai
16p trong tap vi du huan luyén can bang nhau”.

Nhan dinh vé su cin bang cua hai 16p trong tap vi du huan luyén lam ting do chinh xéac cta tra ciru anh sir dung
SVM & trén ciing 1a dong lyc chinh ciia phuong phép cta ching t6i. Chiing t6i dé xuit mot phuong phap tra ctru anh
phan hoi lién quan hiéu qua RFBC (Image retrieval using relevance feedback with balanced classes), cho phép nang
cao do chinh xac hé théng tra ciru anh thong qua viéc can bang sé mau trong mdi 16p cta tap vi du huan luyén.

Phan con lai bai bdo nay duoc t6 chirc nhu sau: Trong phan 2, chiing toi trinh bay phuong phap tra ctru anh dé
xuit. Phan 3 mé ta cac thyc nghiém do chinh xéc ctia chiing toi va thao luan cac két qua. Cudi cing, ching t6i dua ra
két luan trong phan 4.

II. PHUONG PHAP TRA CUU ANH DE XUAT

Trong phan nay, Q?lu tién ching t6i trinh bay co s¢ ly thuyét duoc sir dung trong phuong phap d& xuit. Sau d6
chung t6i trinh bay chi tiét phuong phap dé xuat.

A. Co 56 Iy thuyét

1. May vécto h trg

Dbi véi tap dit liéu hudn luyén D ={x,, x,, ..., X, }, x; 1a vécto ddc trung trong khong gian R™, m 1a sé chiéu ctia
khong gian, cung cac nhan twong ung ctua ching Dlabel = {yl,yz, v Yo} Vi € {~1,1}. Muc dich la di tim mot siéu
phang phén tach co thé phan chia tap D sao cho tat ca cac diém cé cing nhin nam ¢ ciing mot phia cua siéu phing
phan tach.

fx)=w.x+b=0,w ER™b ER Q)

& day x 1a mot vécto dau vao, w 1a trong sé vécto va b 1a d6 1éch. Cac siéu phéng phan tach nay 1a duong thing trong
khong gian hai chiéu, 1a mt phing trong khong gian ba chiéu, va trong truong hop tong quét hon thi 1a khong gian con
R™~1 chiéu trong khong gian R™ chiéu.

SVM cb ging di tim hai tham s6 vécto trong s& w va do 1éch b cho siéu phing phén tach t6i wvu bang cach cuc

dai 1€ hinh hoc sao cho tat ca cac diém dir liéu (x;, y;) déu thoa mén:
yiw.x; +b) =1 (2
Céc diém vécto hd tro 14 nhitng diém c6 khoang cach gan nhat t6i siéu phang, béng /1wl tie 1a y; £ (x;) = 1,

dai luong 2/|lw|| dugc goi la 18, va siéu phang phén tach t6i uwu 1a siéu phang c6 gia tri 18 16n nhat hay con goi la siéu
phang vai 1& cuc dai. Nhu vdy viée tim siéu phang t6i wu tuc 1a di tim siéu phang co gia tri ||w||? nho nhat théa mén (2)

min h(w) = E Liwllz (3) thoa min yiw.x;+b)=1i=1,..,n

Véi o« = {o¢;, 5, ..., ¢, } 1a cac nhan tir Lagrange khac khong, ham Lagrangian tong quat cta bai toan tdi 1a

ham
L(w,b, o) = h(w) — XLy o« (yi(w-x; +b) — 1) (4)
hay L(w, b, o) =~ lwll? =TIy o<; (vi(w.x; +b) = 1) (5)
Dit dao ham cta ham sé Lagrangian bang khong ddi véi cac bién s6 w, va b, ching ta c6 cac mbi quan hé sau:
%L(W. by =w—-Y_ aiyix; =0 ©w= YL, a;yx (6)
- L(w,b,) = X iy = 0 Y]

Thay thé cac quan hé nay vao L(w, b, <) ching ta ¢6 ham muc tiéu
1 5 ~ .
L) = Yr a; — EZQJ:l a;a; y; yj x; xj (8) thoaman ¥, a;y; = 0,¢,20,i =1,...,n

Ham quyét dinh cho phép phan 16p mét mau z dugc cho boi cong thire:

class(2) = sign(f(2)) = sign(Ti, €y * 2 + b) ©
Khi dit liéu 14 phan tach phi tuyén tinh, SVM ding ham kernel
Gry) =< o), o) > (10)

Dir ligu s& dwoc anh xa sang mot khong gian méi bang ham ¢ véi s6 chiéu 16n hon ma c6 thé phan tach tuyén
tinh. Ham quyét dinh tré thanh
class(z) = sign(f (2)) = sign(Xi-; %; ;G (x;,z) +b) (11)

Trong d6 f(z) 1a dau ra cua ham siéu phing quyet dinh cua SVM va s 13 sé luong cac diém vécto hd tro. Hidu
qué cua b phan 16p SVM phu thude vao sb lwong diém vécto hd trg
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2. Nhan RBF (Radial Basis Function Kernel)

Nhan RBF hodc nhan Gaussian s& dnh xa céc vécto sang mot khdng gian méi nhiéu chiéu hon thong qua ham ¢,
tai do cho ta mét siéu phang tach tuyén tinh voi khodng cach to6i da. RBF kernel dugc dinh nghia nhu sau:
G(x,y) =< (), 9(y) > = exp(— llx = yII*) (12)

Ham nhén sé& tinh toan tich vo hudng gitra hai vécto. Néu 2 vécto ma twong tuy nhau thi ||x — y|| s& nho, va lam
cho — ||x — y||? s& 16n, vi thé cac vécto gan nhau s& c6 gia tri ham nhan RBF s& 16n hon céac vécto xa nhau.

3. Khoang cach tir mot diém (anh) t6i siéu phang tach ti wu

Dé tinh khoang cach tir mot diém z t6i siéu phang tach t6i uu (tir nay tro di goi la siéu phang tach), dugc dwa
Vao Cac vécto ho tro S ={xy, X5, ..., X }-
Y(z) =d(z,H) = ] 1QYix *x +b (13)

yj 1a nhan cua cac vécto hd trg tuong tmg Xj; %;va b la cac tham s6 dugc xac dinh tw dong thong qua bo phan 16p

4. Khoang cach tir mgt anh tdi mot tdp anh

Ching tdi tinh mdt cach don gian bang cach tinh khoang cach trung binh ctia mot thuc thé z trong tap anh téi tat
ca cac thyc thé z’ con lai ndm trong tap anh do:

£@) = 5 Tio dist(z,2)) (14)
N 14 s6 luong anh trong tap anh.
Ham dist la khoang cach gilra 2 anh thong qua ham nhan theo cong thirc (12) gitta ching:
dist(z,z") = G(z,2") (15)

B. Phwong phdp dé xuit

1. Thuét toan xac dinh vi tri xay dung tap vi du huén luyén

Cac ky thuat tra ciru anh str dung SVM da c6 xay dung cac 16p cua tap vi du hudn luyén tir cac diém lan cn cua
diém truy van trong khong gian dac trung. Do do, vi tri cua diém truy van s& anh huong rat lon dén viéc thu tap vi du
huén luyén. Xuét phat tir quan diém nay, chiing t6i s& thuc hién viéc dich chuyén diém truy van. Y tuong cua thuat toan
dich chuyén diém truy van nhu sau: Khi nguoi dung giri vao mot truy van, thudt toan thyc hién tra ciru dé duoc tap két
qua khai tao. Tlep theo, dua trén tap phan hoi lién quan Ma nguoi dung phan hoi trén tap két qua khoi tao, thuat toan s&
dich chuyén diém truy van dén vi tri gin cac diém lién quan. Qua trinh trén dugc thyc hién cho dén khi thoa mén diéu
kién dit ra hodc ngudi dung ngimg phan hoi.

Hinh 1 dudi déy 1a thuat toan dich chuyén diém truy van
Thuit toan QueryMovement(Q, N,p, DB);

Input: - Q Anh truy van

= NyopL S6 lwong anh

- DB Tap céac anh co s¢ dir li¢u
Ouput:

- Qopt Anh truy van ti vu
D « RetrievalTop (Q, NtopL);
do{

D" « MarkRelevance(D);

Qe aQ+ (- @) 5k D

D « RetrievalTop (Qopt, NopL);
}while (User dung phan hoi);

Qopt «—Q;
Return Qqpt

Hinh 1. Thut toan dich chuyén diém truy van QueryMovement

Thuét toan QueryMovement trén Hinh 1 dugc thue hién nhu sau: Anh Qopt S€ dugc dich chuyén gan téi trong
tAm cua cac anh lién quan va duoc sir dung nhu mot truy van méi & Ién lp tra cau tiép theo. Trong s6 @ ndm trong
khoang (0,1) thé hién do quan trong cua chung. Cac anh lién quan tai mdi 1an lp duoc lwa chon bai ngudi dung gitp
phan anh chinh xac hon nhu cau thong tin ma ban than ngudi dung can. Trong cac lan lap sau d6 chi 6 truy van tdi uu
méi duoc xem nhu 14 anh truy van méi dua vao tra ctru, con voi cac anh truy van tdi vu lan trude d6 bi bo qua. Piéu
nay ¢ nghia 1 tim quan trong ctia cac anh tich cuc truée d6 dan dan dugc tich hop trong anh truy van tdi wu.
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Hinh 2. Vi du dich chuyén diém truy vin QueryMovement

Vi du trén Hinh 2, cac diém tron 14 cac anh trong khong gian dic trung, diém tron den 1a anh truy van. Véi tra
ctru truyén thong thu dugc cac diém ndm trong vong tron to mau den, lya chon cac anh lién quan véi truy van Q 1a cac
diém tron mau vang trong vong tron den ta c6 dwoc trong tim diém hinh thoi mau vang. Ap dung thuat toan
QueryMovement ta thu dwoc truy van t6i ru 1a diém tam gidc mau do, tra ctru voi truy van ti wu thu duge cac két qua
nam trong vong tron mau do.

2. Thuét toan bd sung mau vao tap vi du huén luyén

Tai pha tiép theo chiing t6i sir dung SVM nhu mdt bo phan 16p nhimng anh thu dwoc sau khi thu hoi dugc tir anh
truy van t6i uu cudi cing. Thong qua SVM véi nhitng anh nao lién quan va khong lién quan do ngudi ding xac dinh
gilp ta c6 thé thu duogc tap anh co lién quan hon cho nhu cau thong tin ctia nguoi ding. Trong lan lap dau tién, s dung
bd phén 16p SVM, sé& cho ta mot siéu phang tach ti wu gitra anh lién quan va khong lién quan trong toan bd anh csdl.

SVM héiu nhu duge xem la mét bo phén 16p nhi phan tuyén tinh, tuy nhién né6 ciing ¢é thé thyc hién hiéu qua
phén loai phi tuyén tinh bang cach anh xa cac dbi tuong tir khong gian ban ddu vao mot khong gian dic trung co sb
chiéu cao hon ma tai d6 c6 thé phan tach tuyén tinh.

Y tuong chinh viéc ap dung SVM la dé tim dugc mot siéu Ehéng tach toi uu w, s€ phan tach dir liéu huén luyén
theo cach t0i vu héa cuc dai 1€ gitra hai 16p. Nhimg diém vécto ho trg 1a nhimg diém c6 kKhoang cach gan bién quyét
dinh nhat nhu duéi Hinh 3 minh hoa 1a cac diém duoc khoanh tron.

margin

Wit b= —1
Hinh 3. a. Bo phan 16p tuyén tinh nhi phdan SVM  b. B phan 16p tuyén tinh nhi phan SVM trong toan b dit lidu

Nhu trong Hinh 3a, hinh tam gic, hinh chir nhat tuong Ung voi cac dir liéu huin luyén ban dau thudc hai 16p 1a
tich cuc (+1) va tiéu cyuc (-1). D@ liéu dugc khoanh tron nam trén duong bién cua 1€ 1a cac vécto ho trg va con duong
mau den dam duoc goi 1a bién quyét dinh.

Céc diém nam trong 1& cuia ca 2 16p (hay goi la trong bng) 1a nhirng mAu s& cung cip cho ta nhitng cai nhin sdu
sdc nhat trong phan phéi dir lidu. Nhu trén Hinh 3b trong sé cac diém chua duoc gan nhan khac nhau thi ¢6 3 Gng cur
vién nam trong ong. Nhin mot cach tryc quan chung ta co thé thdy duoc néu yéu cau goi y nhan cua mau gin nhét véi
ranh giéi bién quyét dinh thi s& cho ta lya chon t6t. Nhan cta cac ing cir vién khac khong ndm trong éng dudng nhu rd
rang phi hop véi cac 16p cua cac miu bén tuong tmg, hodc c¢6 thé 1am sai 1éch di két qua phan 16p dbi véi cac miu da
duogc gan nhan. M6 hinh hoc s& duoc cai thién khi viéc goi ¥ nhan nay 1a do ngudi dung xac dinh cho phi hop vai noi
dung ngir nghia ma dang mudn tra cu. Nhitng anh khéng chac chin nhat 1a nhitng anh gan voi bién quyét dinh nhat.
Chuing t6i tinh khoang céch 1 ciia timg anh nam trong hai 1& tdi siéu phang theo cong thirc (13).

Nhung d6i khi chung ta chi y qua nhiéu dén mot sb khu vuc nhét dinh cia khong gian dac trung va loai bo cac
khu vuc khéac dai dién cho phan phdi co ban. Diéu nay dan dén khi chon nhiing diém gan ranh giéi bién quyét dinh cho
ta két qua khong tot voi nhing diém xa hon. Nhur trong Hinh 3b chiing ta thay mot mau nhu thé ¢ thé gay hiéu nhim
cho phén loai. Mac du Y gan vdi siéu phang tach nhit, nhung n6 cach xa cac mau khac trong khong gian déc trung va
no co thé khoéng dai dién cho phan ph01 co ban. Trong trudng hop niy chon mau X 14 kha thi hon béi vi no gan véi cac
mau khéc, noi c6 su phéan loai ding dé dat duoc mot mo hinh chinh xac.

‘ Mau nhu X ching t6i goi 1a mau c6 tinh dai dién hon. Khoang céch ¢ tir mot mﬁu t6i cac mau con lai ném trong
hai 1€ cua siéu phang phan tach tinh theo cong thirc (14). Qua trinh chon anh nao dé dua ti€p vao cho tap huan luyén,
chung t61 dua vao sy két hop cé tinh khong chac chan va tinh dai dién cua anh dugc lya chon:

z2=argmin(y * P(z) + (1 - y) *$(2))

Hinh 4 duéi day 1a thuat toan bd sung mau vao tap vi du huin luyén.
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Thuit toan InsertTraningSet(Q, Ntop, DB);

Input:

-D Tap céac anh dugc gan nhan

- Diaper  Nh@n tuong tng cua tap X

-DB Tap cac anh toan bg co so dir licu
Ouput:

-Z anh bo sung tap huan luyén

<o, b, SV, SV® >  Classifier(D, Diael):
for i <~ 1 to DB.Count do
Y(DB;) « ¥k, a;SV'aPel, SV, « DB; + b
if (IYp(DBYI) < margin){
X «XUDB;; YX) <X U p(DB);
}

for i < 1to X.Count do

for j «— 1 to X.Count do

& ¥ + dist(X;, X;)

E(X ) X.Count f
fori=1to X.Count do

pX) =y &)+ A — y)={X)
Z = argmin(u(X));
Return Z;

Hinh 4. Thuét toan bd sung mau vao tap huén luyén

Thuét toan InsertTraningSet trén Hinh 4 thuc hién nhu sau:

Vi dau vao 1a mot danh sach cac anh Dy, Dy, ...D, cting nhan Dy twong tng cua tap D thuat toan s& 1y duoc
cac tham sé <o, b> va c4c vécto hd trg SV ciing nhan tuong tng SV Thuat todn duyat tirng anh trong toan bo co sé
dir liéu DB dé tinh khoang cach tirng anh téi siéu phiang phan tach Iy ra tap X cac anh nam trong I& va khoang cach
Y (X) cia cac anh d6. Tiép ching toi tinh khoang cach cua ting diém trong tap X téi cac diém con lai thu dwoc khoang
céch &(X) sau d6 két hop hai khoang cach nay vai trong sé y nam trong khoang (0,1) thé hién do quan trong cua ching
thu duoc p(X). Dua vao d6 thudt toan chon duge mot anh Z vira gan siéu phing phén tich vira gan cac diém con lai
nam trong hai 1& cta siéu phing.

3. Thuét toan tra ciru anh phan hoi lién quan

Nhu vay, dén day, ching ta da tim duogc vi tri cia diém truy vin dé xay dung tap vi du huin luyén can bang véi
thuat todn QueryMovement va bé sung mau vao tap vi du huan luyén qua thudt toan InsertTraningSet. Do d6, chiing
ta c6 thé xay dung dugc thuat toan tra ciru dnh dé thuc hién tra ctru anh.

Hinh 5 dudi day 1a thuat toan tra ctru anh phan hoi lién quan RFBC:
Thuit todn RFBC

Input: -Q Anh truy van

-Nrop S6 lrong dnh

-DB Tap cac anh co s& dit liéu
Ouput: -D Tép anh két qua

Qopt < QueryMovement (Q, Nrop1, DB);
D « RetrievalTop (Qopt, NTopL, DB);

D+« MarkRelevance(D); D* .ber < SetLabel(D+, 1);
D- < MarklIrrelevance(D); D7 apel < SetLabel (D, -1);
X< D+tuD-; Xiabel < D¥japel U D7 jabel;

<, b, SV, SViabel >  Classifier(X, Xiavel);
< X, Xiabel > < PointOptimal (DB, SV);
X « Union (X, x); Xiabel < Union (Xiavel , Xiabel);
<, b, SV, SVlabel >  Classifier(X, Y);
for i< 1to DB. Countdo
W(DB,) « ¥k_, a;SV'ePe! SV, « DB; + b
D « Ranking(DB, ¥, NropL);

Hinh 5. Thut toan tra ctru anh RFBC
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Thuét toan RFBC trén Hinh 5 dugc thyc hién nhu sau:

Khi nguoi dung giri vao mot truy van trén giao dién truy van boi mau, thudt toan sé thu dugc anh truy van tdi wu
Qopt thong qua thuét toan QueryMovement (xem thuat toan QueryMovement trén hinh 1). Véi anh truy van méi Qopt
t6i wu nay thuat toan sé 1ay duoc tap anh D gdm NTopL anh dau tién duoc phan hang dau tién trong toan bg co so dir li¢u
DB thong qua ham RetrievalTop(). Tiép theo cac anh trong tap D s& dugc nguoi dung gan nhan Iya chon anh nao lién
quan mang nhan +1, khong lién quan mang nhdn -1 théng qua cac ham MarkRelevance, Marklrrelevance va
SetLabel. Gop ca hai tap lién quan va khong lién quan nay thu dugc tap huin luyén X cung nhin tuong ing Xiape ciia
chung dua vao tién hanh huin luyén phén 16p sir dung ham Classifier() dung SVM duoc mé ta & phan dau ndi dung 2.
Sau khi phan 16p ching t6i lya chon dugc mot anh Z dya vao thudt toan InsertTraningSet (xem thuit toan
InsertTraningSet trén hinh 4). Tap huin luyén méi lic ndy bao gdm ca anh 2 vira tim duoc s& dua vao hudn luyén
phan 16p lai thu dugc siéu phang phéan tach téi vu méi. Thuat toan phan hang lai cac anh trong toan bo co so dir liéu
dva vao giam dan khoang cach ting dnh trong co so dir liéu DB t6i siéu phang phén tich méi nay thdng qua ham
Ranking() va thu dugc tap anh tra vé cudi cing D gdm Nrop, anh phan hang dau tién.

III. PANH GIA THUC NGHIEM
A. Méi truwong thuc nghiém

1. Co s¢ dit liéu anh

Trong thyc nghiém, ching t6i sir dung mét tap con cua Corel Photo Gallery lam co s¢ dir li¢u thir nghiém dé
déanh gia hiéu qua cua phuong phap. Tép nay gdm 80 loai, vi du nhur 1a: mua thu, cdy canh, lau dai, voi, linh truong,
hoa tlen hé, tau hoa, thac nude. Tat ca cac anh trong tip anh nay c6 tinh chét 1a déu chira dbi tuong tién canh ndi bat.
Da s6 nhom déu gdm 100 anh, c6 mot vai nhém c6 hon 100 hinh anh. C& cta cac anh c6 max(chidu rong, chiéu cao) =
120 va min(chiéu rong, chiéu cao) = 80.

2. Vécto dac trung
Dic trung chiing t6i sir dung gdm hai loai dic trung: mau va két cau (xem Béang 3 & dudi).

Bang 3. Céc loai dic trung

Cac loai dac trung Tén dac trung b dai
. Lugc d6 mau hsvHistogram 32
Loai dac trung A
mau Tuong quan mau color auto correlogram 64
Gin két mau colorMoments 6
Loai dic trung két Bién d6i wavelet waveletTransform 40
céu gabor Wavelet gaborWavelet 48

Dbi v6i dic trung mau ching t6i trich rat 2 déc trung gin két mau: trung binh, d6 léch chudn trong mdi kénh
mau RGB ¢6 d6 dai 6-D. Sau d6 32-D (8x2x2) luge d6 mau HSV dugc tinh, kénh hue dugc lugng héa thanh 8 bin, ca
hai kénh S va V déu duoc lugng hoa thanh 2 bin. Pic trung mau cubi cung 1a twong quan mau do dai 64-D (4x4x4)
trong khéng gian RGB.

Chung t6i trich rit ddc trung két cdu: ddc trung gabor gdm Mean-squared energy va meanAmplitude cho 4
scale, 6 hudng doi voi anh da cap xam; dac trung gan ket wavalet 48-D gom hai gan ket trung binh, d6 1éch chuan.
3. Biéu dién anh

MB&i anh dugc sir dung biéu diép boi nam dac trung truc quan gém ba dac trung mau va hai déc trung két ciu.
Céc vécto dac trung tuong tng v6i moi kénh la mét bang hai chiéu gom 10800 dong (moi dong chira mot vecto dac
trung ctia anh) va 190 cot (d0 dai tong ciia mot vécto dac trung).
4. Tap tin cdy nén (ground truth)

Tap tin cay nen Corel duge su dung rong réi trong danh gia CBIR, do d6 chung t6i ciing st dung phén loai
Corel lam tin cay nén, tic 1a chung toi xem tat ca cac anh trong cung loai Corel la lién quan. Tap tin cdy nén nay gom 3
cot (co tiéu dé: ID anh truy vén, ID anh va Sy lién quan) va gom 1981320 dong.

B. Chién lwgc mé phéong phén hoi lién quan

Dé bit chude hanh vi ciia con ngudi, ching toi thyc hién mo phong phan hdi lién quan trong thir nghiém. Dau
tién, mot truy van khdi tao s€ dugc thuc hién dé tao ra két qua truy van khoi tao. Ti€p theo chiing t6i mo phong tuwong
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tac nguoi dung bang viée chon 100 anh lién quan tir két qua tra ciru khoi tao dya vao tap tin cdy nén. Nhimng anh lién
quan tir viéc phan hdi s& duge dung dé xac dinh duoc vi tri tdi wu cua truy vén dya vao thudt toan Que ryMovement dé
hinh thanh truy van tiép theo. Qua trinh nay co thé s& ding lai khi ngudi dung khong mubn tiép tuc nhung trong thuc
nghiém chtng t6i thuc hién theo hai kich ban 1dp lai mot lan va lap lai nam lan.

Sau khi ¢ két qua v6i pha xéac dinh truy van t6i uu chung ta thu duge 100 anh dau tién gan nhat so véi anh truy
van Q. Luc nay chiing t6i chon céc anh lién quan trong 100 anh d6 ciing dya vao tp tin cay nén nghia la chiing c6 ciing
khai niém ngir nghia v6i anh truy van hay khong? Sau d6 hai tap anh lién quan va khong lién quan duoc tao ra:cac anh
dugc chon mang nhan +1 con nhiing anh con lai s€ dugc gan nhan -1. Hai tdp anh nay duoc chung toi su dung lam tap
huén luyén cho bo phan 16p duoc néu tai muc “may vécto hd tro” tai ph'?m dau muc 11, két qua tra vé cho ta duge mot
siéu phang phan tich cic anh trong tap huan luyén. Trong thyc nghiém ching t6i ciing xay dung hé thng thu lay két
qua do chinh xac tra ctru anh khi thyc hién phan 16p SVM truyén thong trén tap hudn luyén thu dugc tir tra clru truyén
thong goi tén 1a SVMRF.

Dung siéu phing phan tach nay ching t6i tim dugc mot anh Z trong nhiing anh nam trong dng Ma vira gan véi
siéu phang phan tach lai vira gan nhat v6i cac anh con lai nam trong ong. Nhén cua anh nay dugc gan dva vao tap tin
cdy nén, thém vao tap huan luyén ban dau, bay gio tap huin luyén ban dau gdm 101 anh dugc dua vao huan luyén lai
v6i bo phan 16p cho ta mot siéu phing phan tach t6i uu moi. Sap xép lai toan bo anh trong co s6 dir liéu theo khoang
céch cua timg anh t6i siéu phang ta thu duoc top 100 anh cudi cing. Két qua thu dugc cudi cing chinh 1a két qua do
chinh xé4c ctia phuong phap RFBC chiing toi dé xuat véi nam lan lap dé dinh vi truy van t6i wu. Bén canh d6 két qua
thuc nghiém tra ciru anh khi huan luyén bo phan 16p SVM tich cuc vira néu véi tap hudn luyén thu duoc tir tra ciru
truyén thong ciing dwoc luu lai dé so sanh, danh gia goi la ACSVMRF.

Tét»cé 10800 anh trong tap anh dugc dung lam cac truy van. Do chinh xdc trung binh ¢ mie 100 anh tra vé dugc
sir dung d¢ danh gia. Bon phuong phap khac nhau duoc sir dung d¢ so sanh bao gobm Basic IR (hé thong CBIR truyén
thong), QueryMovement (1 1an 1ap va 5 1an 1ap) , SVMRF, AcCSVMRF véi hé thong RFBC ma chiing t6i dé xuat.

C6 nhiéu chi s6 danh gia khac nhau dugc dé xudt dé danh gia hidu qua cua cac hé théng CBIR, chung toi st
dung d6 do co ban la d¢ chinh xac (thyc nghiém la 100 anh tra Vé). Céc két qua, do chinh xac trung binh cua 10800
truy van, dugc thé hién bang sb liéu trong Bang 4 va bang dd thi trong Hinh 6 ¢ dudi. Do gii han vé khong gian bai
béo, chiing toi chi trinh bay trong bai bao nay do chinh xéac trung binh cua timg phwong phap con chi tiét vé do chinh
xéc trung binh cuia tirg 80 loai truy van xem tai dia chi http://117.6.134.238:368/results/RFBC.html.

Béng 4. Bang két qua cua 5 phuong phap

) ) QueryMovement
Phwong phap Basic IR Lap 1 lin Lap 5 lin SVMRF ACSVMRF RFBC
Precision (%0) 18.87 21.66 24.99 27.93 28.184 34.19

Precision (%)

40 34.19

30 s 24.99 27.93 28.184
18.87 '
2

Lap 1 1an  Lap 5 lan
Basic IR QueryMovement SVMRF = AcSVMRF RFBC

o o o

Hinh 6. So sanh do chinh xac

Nhin vao két qua thuc nghiém trén Hinh 6 ching toi c6 thé dua ra cac két luan: P9 chinh xac ctia phuong phap
dé xudt ting 1én 81% so vai phuong phap tra ctru truyén thong. S6 l1an 1ap x4c dinh truy van ti vu ting lén ciling lam
cho hiéu qua tang 3.33% tur 1 lan lap 1a 21.66% 1én 5 lan lap 1a 24.99%. D¢ chinh xac _phuong phép ching t6i cling
tang dang ké x4p xi 6% so v6i do chinh xac khi chi phan 16p trén két qua cua tra ctru truyén thong.

IV. KET LUAN

Chung t6i da d& xuit phuong phap tra ciru anh dya vao ndi dung cho cai tién d6 chinh x4c tra ctru ctia cac hé
thong tra ctru phan h01 lién quan str dung SVM truyén thong. Phuong phap cua chung t6i quan tdm dén viéc thu duoc
hai 16p ¢6 s6 lwong miu can biang nhau. Pé thu dugc sy cin bang, ching t6i thuc hién tan dung thong tin phan hdi cua
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nguoi dung tai mdi lan lap dé dich chuyén diém truy van dén noi ma lan c4n cua n6 c¢é thé gitp tao ra hai 16p co s6
luong mau cén bang nhau. Trén co so hai 16p ¢6 s6 lugng miu can bang, phuong phap ciia ching t6i stir dung SVM tich
cuc dé phan 16p cac anh lién quan nglr nghia va phan hang cac anh theo thir tw giam dan ciia khoang cach tir mot diém
dén siéu phang tach toi uu.

Két qua thue nghiém cua chang toi trén co s¢ dir liu déc trung gdém 10800 anh di chi ra répg phuong phap
dugc dé xuat RFBC cung cap mot d6 chinh xac cao hon han so véi cac phuong phap Basic IR (hé thong CBIR truyén
thong), QueryMovement, SVMRF, AcSVMRF.

LOI CAM ON

Ching t6i xin cam on d¢ tai "Nghién ciru phuong phap tra ciru anh dwa vao da truy van”, Ma so:
PTNTD17.04, thugc Phong thi nghiém trong diém Coéng nghé mang va Pa phuong tién, Vién CNTT, Vién
HLKHCNVN da hd trg.
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AN IMAGE RETRIEVAL METHOD EFFICIENTLY EXPLOIT USER’S FEEDBACK
Cu Viet Dung, Nguyen Huu Quynh, Ngo Quoc Tao, An Hong Son, Le Manh Hung

ABSTRACT: There have been many methods image retrieval with relevance feedback using Support Vector Machines SVM.
However, these methods have not interested to the balance of the two classes in the user’s feedback process so low accuracy. In this
paper, we propose an effective image retrieval with relevance feedback method, called RFBC (Image Retrieval Relevance Feedback
with Balanced Classes), which improves the accuracy of image retrieval systems through balancing the number of samples in each
class of the training example set. Our method utilizes the evaluation of the user to determine the position where two layers of
balanced samples can be obtained. . We also provided empirical results on a database of 10,800 images to show the accuracy of the
method..

Keywords: Content based image retrieval, feature space, optimal query, relevance feedback with balanced classes.



