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Mot phuwong phap méi chuan hoa dir liéu va
hiéu chinh trong so6 cho to hop dac trung trong
tra ciru anh theo ngi dung

A Novel Method Normalized Data and Refine Weights for Combination
Features in Content Based Image Retrieval
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Abstract: Relevance feedback as a bridge between
high level semantic concepts and low features. It is
important to improve the performance of content
based image retrieval (CBIR) is preprocessing image
features and refining distance measures for query
based on user information needs. We propose a novel
method 3c—FCM to normilize features and distance
for CBIR using combination features. In addition, we
also use relevant feedback from users and learning
from low features to update weights distance measures
and refine query. Experimental results over the
benchmark Corel dataset demonstrate the
effectiveness of this propose method.
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I.GIGI THIEU

V6i sy gia ting nhanh chong sé luong dir liéu anh
s6, tra ciu anh dya vao noi dung (Content based
image retrieval - CBIR) tr¢ thanh linh vgc nghién ciu
tich cuc trong nhitng nam qua [6, 11, 17, 22, 24, 27,
37, 42 - 44, 53]. C4c hé théng nay thuong trich rat cac
biéu dién tryc quan ciia anh va dinh nghia cac ham tim
kiém, so khép mdi lién quan dé tra ciru theo su quan
tam.

Tuy nhién viéc két hop céac dic trung khac nhau rat
phuc tap va phu thudc (ng dung tra ctru [29, 31]. Bén
canh viéc st dung don dac trung khong hi¢u qua [5,
25, 27, 32, 47, 55], két hop nhiéu dic trung nhung sir
dung chung mét d6 do khoang cach ciing c6 mot s6
han ché dang ké [2, 12, 42]. Su két hop cac dic trung

va do do khoang cach phu hop trong cac tng dung tra
ctru anh theo ndi dung cu thé 1a rat quan trong.

Chung t6i da dé xuat mot phuong phap méi chuan
hoa dir liéu, chuan ho& khoang cach va cap nhat ty
dong trong sé cua d6 do khoang cach cho mdi dic
trung. Phuong phap nay ap dung cho hé thdng tra cau
anh theo noi dung sir dung phan hoi lién quan va két
hop nhiéu dic trung truc quan mac thip. Phuong phép
nay linh hoat trong viéc danh chi s6 dic trung hoic
ma rong thém cac dic trung khac ma khong can bat ki
thay doi thuat toan nao.

Céch tiép can cua chung toi dé cap toi cac nghién
clru truge do [1, 19, 35, 43, 46] trén chién luge: chuén
hoa dic trung két hop, chuan hoa khoang cach, diéu
chinh trong s6 dwa vao kién thirc ngudi dung va hoc tir
dir liéu. Nhirng khéc biét nay dugc trinh bay trong
phan ba va phan bén.

CAu tr(c cua bai bao duoc td chic nhu sau. Phan
hai, mot s6 nghién ctu lién quan sir dung két hop dic
trung, chuén hoa dic trung, chuan hoa khoang cach va
phan hdi lién quan. Phan ba 1a dé xuét chuan hoa dic
trung, chuan hoa khoang cach va hiéu chinh trong sé
dwa vao thong tin phan héi tir nguoi ding va hoc tir dir
liéu. Céc két qua thuc nghiém dua ra trong phan bdn.
Két luan va huéng nghién ctu tuong lai trong phan
nam.

I1.NGHIEN CUU LIEN QUAN

I1.1. Két hop dic trung trong CBIR

Trong tra ctru anh theo noi dung cac dac trung truc
quan thuong dugc st dung két hop nhu 1a mau, két
cau va hinh dang. Trong [14, 47] sir dung két hop
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mau, két cdu, hinh dang. Céc thanh phan cho biéu dién
nay gom dic trung luge d6 mau, bat bién mau [51],
két cidu Tamura [52] va ma tran dong mac [15, 33].
Trong [41] st dung két hop lwoc d6 mau, bat bién
mau, Tamura, ma tran déng mic, miéu ta Fourier,
miéu ta hinh dang khéi, va trong [33] st dung két hop
luge dd mau, bat bién mau, va ma tran dong muc.
Trong [36, 39] sir dung véc to lién két mau (lugc do
lien két va luoc dd khong lién két). Trong [23] st
dung két hop lugc d6 mau, trong quan mau, bat bién
mau, bién ddi Gabor va bién doi wavelet.

I1.2. P9 do khoang céch theo b dac trung

Pé tinh d6 do khoang céch gitra truy van véi moi
anh trong co s¢ dir ligu, Rahman va cong sy [38] trich
rat dic trung dua trén khai niém truc quan & nhiéu
muc khac nhau, luge do bién (CLD) biéu dién muc
ban toan cuc va mau bé mat (EHD) biéu dién muc
toan cuc. Do do khoang cach cé trong sb gitra hai véc

to dic trung |q va | ; duoc dinh nghia nhu sau:

Dis,,, I.,I. =w_Dis, f",f* +w,Dis, f™ " (1)

global q'j cld cld I I Il I

fed £ trén CLD

g *°1j

f cld f cld DiSeh

vei: Dis, ", f);
va EHD tuong Gng 12 L, 0<W 4, Wy, Wy + W, =1.

Trong [9] dd cho mét dinh nghia cu thé do do
khoang céch c6 trong sé giira hai anh (theo kiéu dinh
nghia 2) :

S_ WcSe +WpSp+w,S, @)
WetW, +w,

trong d6 S, , Sy, va S, 1a cac do do khoang cach
giao cit lwoc do theo mau, khoang cach va hinh dang
twong tng.

Trong [10] d& xuat danh gia do do khoang cach
gitra hai anh dua trén danh gia do do khoang cach gitra
c4c ving anh. Trong d6 miéu ta dic trung bao gdm
biéu dién c4c mau va phan trim trong ving.

11.3. Biéu dién tdong quat ddi twong anh va do do
khoang cach

Hé thong CBIR sir dung nhiéu bo dic trung, trong
mdi bo dic trung ciing c6 nhidu thanh phin, cac dinh
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nghia 2.1, 2.2 cho déi twong anh va d6 do khoang cach
tong quét.

Pinh nghia 2.1 ([43] Déi tuong anh):

O0=0 EF,T

E: dix liéu thé cua anh

, trong do:

F = { fi} . tap dic trung trong (mau, két ciu, hinh

dang).
T=t tap biéu dién cho dic trung f.
ty =ty byt | véc to gdm nhiéu thanh phén.

Pinh nghia 2.2: D6 do khoang cach D giita hai ddi
tugng OY(EY, F1,TY) va O%(E?, F%T?) dang day du xéac
dinh:

- Do do khoéng cach cia mot bo dac trung:

1
D, (t”,t”) DUYWU (t;.t5) 3)
- Do do khoang céch cua mét kiéu dic trung:

D, (f1,£7) = Z D, (t;.5) 4

- D6 do khoang CaCh toan bo:

D(0'(E, F\,T), 0F (%, P T° )) ZWID,(,, )

I1.4. Mgt s6 phép chuin hoa hay dwec sir dung

Mo hinh d6i twong (dinh nghia 1) yéu cau chuan
hoa dic trung 1a can thiét &é bu dap cho pham vi khéc
biét nhau giita cac thanh phan dic trung dugc dinh
nghia trong cic mién khac nhau. Sau khi chuan hoé
dic trung, chuan hoa ham do khoang céach rat quan
trong, dam bao tinh can bang giira cac dic trung khac
nhau trén cidc ham do khoang cach khac nhau.

- Chuan héa min-max:

. f.li]- mln f.[i]
{0}, vi, 100 = (6)

{fililja max f,[j]—min ik

- Chuan h6a3o:

Til=- [']_ e )

J

{filil}a {f0I.f
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def . def .
trong do m; =mean({ f,[il}),o; =var({£[il})
Tinh chét : Chuan héa theo min-max, 3c bao toan
thir tu, fl,i[i] 2 f;z,i[i]:> fl',i[i] 2 fz.[l]

Luat 30 ([49]): x 1a N(u, o), thi xac suat
X— [t

(5

Han ché : Chuan hoa theo min — max 1am cho hau hét
thong tin hitu ich bi chuyén vao mot pham vi rat hep
trong [0,1] néu gia tri max 16n, 3o rai déu trong [-1,1]
nhung yéu cau di liéu 1a mot chudi Gauss.

Phép chuan hoa 3o di duoc sir dung trong [7, 28,
35, 42, 43] cho cac dic trung dir lieu (mau, két cau,
hinh dang) va chuin héa tap gia tri khoang cach gitra
hai mau dit liéu. Trong [2] st dung phép chuan hoé
min-max.

Chuan hoé gia tri khoang cach sir dung dé anh xa
gi4 tri khoang cach cua anh tir truy van dya vao mot

<1{>0.99

o

véc to dac trung trong khoang [0,1]. Trong [7] da ap
dung phép chuan héa min-max cho céc gia tri khoang
céch, va xem xét phép chuén hoa sau:

X< ={XK, h=1...p,5=1...} la tap dit ligu dac

trung co so di liéu anh, k =1,n va h 1a chi sé cia dac
trung (chang han histogram), s 1a chi s cua anh con
ma dic trung d& cap dén.
Véc to khoang céch chuan hod gitra hai anh c6 chi
s6 i va j tuong tng la:
. . . . . .oAT
DM(X'M,XL) Dhs(ths’X:ls) qu(xlpq'xilq

DX, X!)= . » (8)
“11 “hs “pq

Trong d6 cac W, la trung binh cong cac khoang
céach gitra cac cap anh trong co so dir liéu.

Trong luge dd dit liéu dic trung & Hinh 1, céc
thanh phan cua chudi dic trung thuong cé khong it
hon mét dinh, tac 1a gia dinh phan b4 chuan ap dat la
khong hop 1y. Do d6 khi chuan héa theo 3o, dir liéu
sau khi chuin héa c6 kha nhiéu thanh phan roi ra
ngoai doan [-1,1]. Vi vay sir dung chuan hoa 3o cho

Tap V-1, S6 15 (35), thang 6/2016

dir liu dic trung két hop 1a chua dat duoc muc tiéu
cua budc chuan hoa.

(b) Dic trung chuin héa theo
luat 30
Hinh 1. Luoc do dic trung HSV Histogram

(a) Béc trung tho

I1.5. Phan hai lién quan va hiéu chinh truy van

Phan hoi lién quan trong tra ctiu thong tin [46] st
dung c4c mau tich cuc va cac mau tiéu cuc thu duoc
tir nguoi ding nham cai thién hiéu nang cua hé thong.
Nhiéu nghién ciu trong CBIR sir dung phan hoi lién
quan [8, 13, 26, 30, 50].

Hiéu chinh truy van Ia viéc thay ddi véc to dic
trung cua truy van bang mot véc to mai. Truy van moi
dugc xay dung tr truy van hién thoi Qa Q

new !
Q, o, duoc str dung cho Ian l3p sau.

Trong [16, 42, 48] hiéu chinh truy vin theo cong
thic Rocchio [40] :

n R Ny S.
Qun =Q+8> —~-rD> =, 9)
i Ny i1 N,

R 1a véc to cho tai liéu lién quan i, S, 1a véc to
cho tai liéu khong lién quan i, n; 1a sé céac tai liéu lién
quan, n, la s6 cac tai liu khong lién quan, S va y la
tham s6 tuy bién.

Mot nghién ciu khac trong MARS [43], va trong
[22] diéu chinh truy vén theo céch:

m

1

Quew = 2, —(C;-Q))%, (10)
=1 T

v6i o 1a do léch chuan theo chiéu thu j cua gfa tri

dic trung, C la trong tim cua cac ddi tuong lién quan
dugc danh gia boi nguoi dung.
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I11. KY THUAT PE XUAT

Phan nay trinh bay k¥ thuat dé xuat chuan hoa dic
trung, chuan hod khoang cach va hiéu chinh trong sé.
Bang B.1 (xem phu luc B) cho biét mot sé ki hiéu
duoc str dung.

I11.1. Chuén hoa dic trung dya vao phan cum mo
c-means (Fuzzy c-mean clustering (FCM))

Phan cum mo c-mean [3], st dung hiéu qua trong
mét sé nghién ctu CBIR [4, 54].

Pé tdi thiéu hda cac sai khac do dit liéu duoc xem
nhu cac dai lugng ngau nhién, cé thé ¢ nhiéu dinh,
chung toi d& xuét sir dung phan cum mo cho tirng bo
dic trung cu thé. Sau khi phan cum, viéc chuan hoa
duoc thuc hién theo luat 30— FCM xem nhu mot mé
rong cua chuan héa theo luat3o .

ChO {Etvi}JsiSn
eN",C>2, m =dim(E,,), VL<i<n. Thuat toan

lap FCM cuc tiéu hda ham muc tiéu:

mlnzznm

i=1 c=1

va cac hang sé p = p(t) > 1, C=C(t)

JV,n)= (11)

voi d¢ do khoang cach Ocolit, ||E[‘i —VNZ:

Z(En[l] _VI

j=1

N\ s N ~ - A
J[i1)” va céc rang bugc bién nhu sau:

Niei €001, V1<i<nl<c<C1t>]

C
D Moy =LVI<i<n,

c=1
n
an <n,Vvl<c<C,

i=1

Pinh nghia 3.1: D6 léch chuan & cum ¢ (1<c<C) trén
dir ligu {Et:i }Jsi<n

e i\/zn:”fc,i (Et,i[i]_vt,c[i])z /Zn‘,nt’,)c,i (12)

Ménh dé& 3.1: Néu {V,}~ tap C véc to tam m chicu

c6 C cum:

Vi<j<m

(d4u ra cua thuat toan phan cum s dung FCM), v
c=1,2...,C thi d6 léch chuan cua cum c tinh theo cong
thirc sau:
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7y = (s (BN 1 X -V (19)

Charng minh: xem phu luc A.
Pinh nghia 3.2: Phép chuan héa 30 — FCM

= {X[l]}:ﬂ‘:l ! Xnorm = {Xnorm[i]}rjn‘:l ’Vl < J < mt' chrm[j]

. {X[i]—V,,c[i]} {XU]—V,,CU]}
mny—— r+MaXy ———
def 1<c<C 30- _ 1<c<C 30- .
— t.c,j te,j , (14)

C+1
Ménh dé 3.2: 3c—FCM bao toan thi ty.
Chang minh: Xem phu luc A.
Nhu vay 36 —FCM c6 thé xem 1a mé rong cua
phép chuan héa 3o (Khi khéng phan cum, C=1).
Hinh 2 cho mét minh hoa cua 3c—FCM, ngoai ra

cac phan vi du 1-3 cho céc phép bién ddi mé rong 3c
su dung FCM khong bao toan tht tu cling duoc cho
dudi day dé so sanh.

v, Nto

€

Hinh 2. Minh hoa phép chuan hoa 3¢ —FCM

Phan vi du 1:

xO1-V_[j
M Voi ¢, =argmin
3o. . 1<c<C

Corl

x[i] 3O_cj

xn]—vcm‘

Phan vi du 2:

- H o
_ X1V v 6, = argmin Y. (i1 [])
x[i1 30'%,1' 1<c<C j=1

Phan vi du 3:

[Z (0]-V.lD) ]

i X[I] V[l]
| i[Z(xm vm)] "

e
Thuat toan 1 d& xuat chuan hod 3c — FCM cho dit

liéu dic trung.
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Thuat toan 1. Chuan hoa dic trung 36 — FCM

Input: {Et-i}gignmg’ hang sé p = p(t) > 1, C = C(t)
eN*,C>2, m =dim(E),vi=1n

Output: {Et'j:Ofm} dit liéu da duoc chuan hoa,

1<i<n

c4c tam {Vm}1 ... » 0 lech chuan { tc,}

Buéc 1: FCM (Ct’ pt)({Etvi}lsisn;lstsT)
{Vﬁc}:l—l’

Budc 2: Tinh { tc,}

1<c<C, I<j<my
ta duoc

{ e }WC‘ L., theo cdng thic (11)
theo cbng thac (13)

1<c<C, 1< j<m,
Bwéc 3: For each E ;: Vj=1,m, tinh E™ [] theo
cobng thic 30— FCM (3.4)

Return: {E"f’"“}
etu t 1<i<n’ {Vtvc}lscsc‘ ' {O-tvC'j}]scscl,Jstml
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Buéc 2: FCM(C”, p)({d, }

c(®
(D)} ! { (D)}
{Vtvc c=1 Mhici 1<c<C{P) 1<i<M

Buéc 3: Tinh {at(S)}L . theo cong thirc (13)
<c<C,

KksM) ta dugc tap tam

(Budc 2 va 3, sur dung cong thuc (11), (13), (14) thay

the dir liéu ddc trung bang gia tri khoang céch 1a cac

s6 thuee dwong vé huréng.)

Return: {V(D)}C‘(D) { (D)
*We Sy 19

te }Kcsc{m

Thuat toan 1 c6 do phuc tap O(N*C, *m,).
I11.2. Chuin hoa khoing cach dwa vao phan cum
FCM

Gi4 tri khoang cach anh truy van véi mdi anh co sé
dix liéu dugc chuan hod theo thuat toan 2.

Thuat toan 2. Chuan hod dir lieu khoang cach
30 — FCM theo tirng bd

Input: {E:?rm }Kign ’ {V"C}gcgct ’ {Gt'c'j}JscsCI,]stml ’
hang sb p=p(t) > 1, C=C{® e N*,C>2

Output: Tap tam {Vt‘CD)}L Lo > 40 lech chuan
! <c<

(D)}
{O-tvc 1<c<c(®

Buoéc 1: (1) Sinh ra 2 tap gom K gié tri chi s6 ngau
nhién RD1={RDM }KKK ,RD2={RD2J}KiSK thoa man:

(1.1) RD, \RD, =& |
RD,; <RD,;,RD,; <RD, VlSi<jSK

(1.2) 1<RD,;,RD,, < AVL<i<n (chon K =[n/10])
M=K?

(2) Xéc dinh tap gia tri: D (E”“m E"‘“m ) duogc tap

gid tri s6 duong {dk}]gksM

Thuat toan 2 c¢6 do phac tap O(M *C{®). Qua
thuat toan 2 xac dinh dugc c&c gia tri tm cua cac cum

theo ting dic trung {V(D) va do léch chuan

te }Lcsc A<t<T

1ot}
Le Jice<c 1st<T

dir liéu dé str dung trong chuan hoa lan sau.

, Cac gia tri nay duogc luu trong co so

I11.3. Hiéu chinh trong s6 va phan héi lién quan
Trong ky thuat d& xuat nay, chang t6i coi dong gop

ciia mdi ddc trung 1a nhu nhau, khong phan biét s6

loai dic trung trong mdi Kiéu nhu [43]. Dinh nghia 3.3

vé do do khoang cach giita hai d6i tuong thé hién diéu

nay.

Pinh nghia 3.3: D6 do khoang cach D giita hai ddi

twong OX(E!, F1,TY) va O*(E?, F%T?) dang rit gon Xxac

dinh:

Do do khoang cach cua mot bo dac trung:

D, (t”,tu) Dijku (t,lj,tﬁ) (15)
Do do khoang céch toan bo:
D(0: (€, F,T'), 0¢ (€, FZ,TZ))deWijDij (f.67),  (16)
ij

111.3.1. Truy vdn dea trén thong tin phdn héi

Gia stir mdi anh twong tng 1a mot mau trong khdng
gian dic trung F" va tap tit cac miu 1a EN™ ¢ kich
thudc n. Gia dinh s6 céc 16p ¢ duoc biét, sau cac tra
ciu boi cac nguoi dung khac nhau, chidng ta cé
EN™=NB"UNB"UNB~ , NB=NB*"UNB™ ,
thong thuong #NB 12 hang s nho thudc [20, 40].
Pinh nghia 3.4: Tap dong y (Agreement) giira do do
toan cuc va d6 do theo bd duogc dinh nghia:
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AGR, (D, D,, N)d—if NB N NB,, trong d6 NB, NB:
tuong wng la tap N anh c6 do do khoang cach cao nhat
theo d6 do toan cuc D, va theo d6 do D: cua riéng bo
déc trung t.

Trong thyc té thuong chon N=20, va cho truéc D,
Dt nén chiing ta s& viét gon 12 AGR .

Chng t6i tién hanh thir nghiém trén mot sb tap anh
NB*, NB" va NB~ (NB~ < NB) véi mot ham do do
khoang cach toan cuc D(Q”‘"”,Ei”“"”):iw‘D‘(QlN““,E”T"“) va cac

i
t=1

ham d¢ do khoang cach cuc bo D, (Q"™ E;™™).

Cac vi du trong cac hinh 3.2.a va 3.2.b tinh d6 do
khoang cach mot s6 anh trong tap thir nghiém (phan
4). Ky hiéu céac cot (d1), (d2), (d3), (d4), (d5), (d6)
twong tng d0 do khoang cach theo dic trung hsv
Histogram [9, 43, 51], autoCorrelogram, Color
moment, Gabor texture [21], Wavelet moment va Gist.
Ky hiéu cac ham do khoang cach (f1): Histogram
Intersection, (f2): Lo, (f3): L, (f4): Canberra.

Str dung truy van Q = {710.jpg}, theo nhan thic
chu quan chon ra cac tap NB™ = {717.jpg, 704.jpg,
723.jpg, 700.jpg, 721.jpg}, NB™ = {100.jpg, 101.jpg,
102.jpg, 103.jpg, 104.jpg} va NB™={676.jpg, 535.jpg,
509.jpg, 566.jpg, 551.jpg} (nam trong tap thi
nghiém). Hinh 3.2.a tinh d6 do khoang cach cho cac
tap NB*, NB", NB™ theo ham khoang cach tuong tng &
trén va hinh 3.2.b st dung ham khoang céch L..

Qua céc phép thir nhu Hinh 3.a va 3.b chung toi
nhan thay su phl hop ciia cac ham khoang cach (f1),
(f2), (f3), (f4) va (f5) cho cac bo dac trung tuong ung
(d1), (d2), (d3), (d4), (d5) va (d6). Mot nhan dinh rat
ra la: d& han ché tdi da cac anh nam trong tap
NB~ e NB thi tip AGR: can dugc sir dung 1am co s
hiéu chinh trong sb w .
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a |710jee (d1) (d2) (d3) | (d4) | (d5) | (d&) D
(f1) (f2) (f3) (f4) (f2) (f2)

0.024

0.368
0.447
0.416
0.357
0.441

NE |717.jpg 0.348| 0.571| 0.232| 0.322| 1.867
NB; |704pg
NE; |723.pg
NE; |700jpg

NE |721ljpg

0.079
0.023
0.036
0.074

0.378| 042
0.318] 045
0.196
0.285( 0.43| 0.34| 0.365

0.377| 0.173
0.295( 0.395
0.394| 0.352

1.875
1.898
1919
1.945

0.583

0.446
0.382

NB |100jpg| 043 0.274| 0.618| 0.298| 0.377| 2503
NE; |101jpg 0.51
NE; |102jpg
NE; |103.jpg

NE |104.jpg

0517 061| 0442| 0.278| 2738

0.485| 0.423
0.448

0.477

0.458] 0.43%| 0467 0.257| 234

0.543
0.179

0.374
0.385

0.502
0.625

0.471
0.453

0.405
0.559

2.743
2.719

NB |676jpz| 001| 0355 0353| 0442| 0354 0309| 1823

NE; |535jpg| 0.206| 038 026
NE; |509jpg | 0.246| 0445
NB; |566ipg| 0.161 0.4
NE; |551jpg| 0.254

0.441| 0.414| 0.231| 1842

0286
0.348
0217

0.434
0.323
0.427

0.323| 0257 197
0.451| 0.293| 1.976
0.446| 0.256| 2.018

0418

Hinh 3.a. Do do khoang cach trén cac tap NB*, NB-, NB~

a |710pg (d1) | (d2) | (d3) | (d4) | (dS) | (d6) | [
(f2) | (f2) [ (f2) | (f2) | (f2) | (f2}
0.194] 0.368| 0.354] 0.577| 0.232 0.322] 2.05
0.312| 0.447]  0.4] 0.422| 0.377| 0.173] 2.13
NB |723.jpg| 0.223] 0.416] 0.302] 0.394] 0.295] 0.335] 2.03
NEB |700.jpg | 0.254] 0.357] 0.19] 0.514] 0.394] 0.352| 2.06

NE |721jpg| 0.32] 0.441] 0.273] 0.414] 0.34] 0.365] 2.15

NE |717.jpg
NE; |704.jpg

0.518
0.525
0.478
0.562
0.347

0.446| 0.258
0.382 0.51
0.423| 0.462
0.445( 0.399
0.477| 0.405

0.681
0.382
0.372
0.472
0.402

0.298| 0.377| 2.58
0.442| 0.278| 2.52
0.467| 0.257 2.46
0.471| 0.405| 2.76
0.493| 0.559| 2.68

NE |100.jpg
NE |101jpe
NE |102.jpg
NB; |103.jpg
NE |104.jpg

0.234| 0.355| 0.332| 0.418| 0.354| 0.309 2
0.312| 0.39] 0.234| 0.443| 0.414] 0.231] 2.03
0.437| 0.445] 0.284| 0.421) 0.323| 0.237| 2.15
0.361 0.4 0.337| 0.341| 0.451| 0.293]| 2.18

0.378| 0.418] 0.221| 0.355| 0.446| 0.256| 2.07

NB |676.jpg
NB |535.jpg
NE |509.jpg
NB; |566.jpg
NE: |551.jpg

Hinh 3.b. B do khoang céch cua tap NB*, NB", NB~

Ba luat R1, R2, R3 duogc rat ra kha phu hop voi
truc giac nhu sau:

R1. VE'™ € AGR,, tang w néu E*°™ Ia phan hoi
dwong, giam w: néu nguoc lai.

R2. Do léch chuan o), cang nho thi trong s6 w
diéu chinh ting (giam) cang nhiéu.

NB+

R3. Do léch chuan S cang nho thi trong sé
G|t

w; diéu chinh ting (giam) cang nhiéu.
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111.3.2. Cdp nhdt treng sé

Str dung hai théng tin quan trong: (a) kién thirc chii
guan cta nguoi dung danh gia muc do lién quan cua
cac ddi twgng nam trong tap NB; (b) théng tin muc do
quan trong cua dit lidu dic trung muc thap dugc xéac
dinh nho tap AGR..

(a) Dya vao kién thuc thirc nguoi dung:

Trén tap NB, nguoi dung dat cac muc do lién quan
cho cac ddi tegng. Chang toi thiét 1ap bay mic do lién
quan phu hgp véi nhan thicc ngir nghia cta nguoi
dung, do 1a score; ={-3, -2, -1, 0, 1, 2, 3}, twong Gng
V6i ¥ nghia “khéng lién quan rat cao”, “khong lién
quan cao”, “khong lién quan”, “khdng y kién”, “lién
quan”, “lién quan cao”, “lién quan rat cao”, va sau d6
tinh gia tri trung binh va phan b6 chuan trén tap NB*
cho dai lugng d6 do khoang cach va d dai véc to nhu
sau:

e Tinh d6 do khoang cach theo ting bd dac
trung t voi truy van: d, =D, (Q™, E°™).

i
e Tinh gid tri oy, trén tap di ligu khoang
cach cua cac phan hoi duong.

e Tinh gia tri aﬂfu

lu trén tap dit licu do dai véc
to ciia cac phan hdi duong.
(b) Hoc tir dit liéu dac trung muc thip két hop kién
thire thu duoc tir nguoi dung:
Str dung tap AGR; tinh diéu chinh ting hodc giam
trong sb w; theo ting bo dic trung t:
For each | cua phan hoi
For each bo t

For each | € AGR,

wi = max(wt(') +Awt('),0), (17)
_ T
vt=1T,ganlai W' =wl /> wi?,
=1

G do Aw, = f (score(E"™) L0y .07 ) € (~o0,490),

tl 1]

ham f c6 thé chon chang han:

Tap V-1, S6 15 (35), thang 6/2016

f (score(E;™), aﬁ‘f,;t o)

Sty
rm y 18
_ score(EE‘f )/(O_NB+ * o NB+ ) (18)
= 1,t,D,

3 %t

Thuat toan 3. IR-FCM (Hiéu chinh trong sé d6 do
khoang céch toan cuc)

Input: {Et'?'f”"

O
}1§i§n' {V‘vc}gcgq’ { L J1ce<c, <jsm,

{ ‘v(CD) }thT,chC}D) ' {O-‘(E)}chscfm

/* Véc to dac trung muc thap Q cuia anh truy van.
Lmax so lan lap phan hoi, K: so anh ¢6 do do khoang
cach toan cuc so vai Q la bé nhat. */

Output: Tap trong s6 {w,}

1<t<T
. — 1 . i
Buéc 1: Khoi tao, Vt=1T :w, :? , chuan hoa

tieng bo t cta Q theo 30— FCM
Budrc 2: Lap lai cho moi ‘I tr 1 dén Lmax
Budc 3: Budc lap phan hoi

3.1: Foreach E™™ e{Ei“O”“} Covt=1T

. I<i<n .
3.1.1: Chuan hoa d6 do khoang cach cho bo t bang
cach: D(E™)=30c—FCM D(Q"" E™)

312:  Chuyén  D(EY™  vé
D(E"")+1
Dt(E[“f"””)=min[max[%,oj,1]
.

3.1.3: Tinh d9 do khoang c4ch D(E*™)=) w,D,(E’™)
t=1

3.1.4: Hiéu chinh trong s6 dya trén AGR;

For each 1 eNB" , vt=1T néu 1AGR" thi hi¢u

chinh w; theo cbng thirc (3.7) va (3.8)

3.1.5: Chuan hoéa lai trong sb6 w, Vt=1T ,

-
W, =W, /> w,
-1

Return: Két thic budc 2, thu dugc {w, |

[0.1]

I<t<T

Thuat toan 3 d& xuét hiéu chinh do do khoang cach
toan cuc dua trén do do khoang cach theo bo va phép
chuin héa 30— FCM , thuat toan c6 do phuc tap

O(n*T*max{Ct,Ct(D’}).
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111.3.3. Higu chinh truy vdn
— def 1

Dét Q — n!:)rmi
" #AGR, EIH?EAG& !

_—_def 1 norm .
o o T (TG

™ e AGR,

(19)
def — J—
AGR/ :{ " e AGR || EY™ - Q, <30,

| t,i

(20)

(AGR: c6 sy dong nhit cao vé dic trung, nén ta
dung bién ddi 30). Khi #AGR, = 2va #AGR: >1,
truy van méi ang voi bo dic trung t duoc 13p lai nhu
sau:

Q dif 1 Z norm
t, - * t,i

e #AGRt E"™eAGR" I (21)
Truy van méi Q. 1a biéu dién tét, mang thong tin

new

cua tung bd dac trung ma ngudi dung quan tam.

IV. THUC NGHIEM

IV.1. Co sé dir liéu anh

Nhiéu nghién cau st dung co s& dit liéu chuén
Corel nhu trong [24, 32, 43, 53]. Co so dir liéu tiéu
chuan khac nhu ImageCLEF dugc st dung & [38],
MIT VisTex st dung trong thuc nghiém [2, 11].

Tap anh Corel (http://corel.digitalriver.com) bao
gom khoang 68040 anh mau gom nhiéu chu dé. Co
khoang 100 anh trong mdi cha dé. Thyc nghiém tra
cuu st dung tap Wang? la tap con cua tap Corel véi 10
cha d& d6 1a: Bién, Chau Phi, hoa hdng, ngua, ni,
thiie an, xe buyt, khing long, 1au dai, voi. Cac anh
cung cha d& duge xem nhu 14 lién quan cao nhat, va
cac anh thugc cha dé gan giii duoc xem nhu 14 ¢6 lién
quan (vi du cha dé ngua va voi) dugc xem nhu 14 lién
quan.

Trong chuin hoa khoang cach voi tap anh 16n
ching ta nén chon K & khoang 10% téi 50% sb lugng
anh cua tap. Str dung 100 anh ngau nhién lam truy van
va danh gia chat lugng tra cau trén cac lan lap véi cac
truy van khoi tao ndy. Mai truy van thyc hién 10 lan

1 http://wang.ist.psu.edu/docs/related.shtml

Tap V-1, S6 15 (35), thang 6/2016

lip phan hdi va d6 do hiéu ning duoc danh gia bang
trung binh cua toan bo 100 truy van nay.

IV.2. Trich rat bd dic trung két hop

Nhu di trinh trong phan hai, ching t6i lya chon b
dic trung gom lugc dd mau hsv (hsv histogram) [51],
gan két mau (autoCorrelogram) [20], bat bién mau
(Colormoment) [49], két cau Gabor (Gabor Texture)
[55], bat bién Wavelet (Wavelet Moment) [18], hinh
dang GIST [34]. Hinh 4 1a lugc d6 phan bé dir liéu
theo bo dic trung trén tap dir liéu tiéu chuan nay.

(a) Béc trung hsv histogram (b) dac trung autoCorrelogram

|
"
|
|
|

(d) dac trung Color moment (e) dac trung Gabor texture

(f) dac trung GIST
Hinh.4. Luoc d6 dic trung thd

(e) déc trung Wavelet moment

Cac dic trung trén dugc chuan hoa theo luat
36— FCM st dung céc tham s phan cum FCM trong
Bang 1. Céc tham sb dwoc lya chon dam bao dir lidu
dic trung trong khoang [-1,1] nhiéu nhat.

Bang 1. Tham s6 phan cum FCM

hsv auto
Histogram

Gabor
Texture

Wavelet
Moment

Color

Moment Gist

Correlogram

cfp | C | p|Clp|ClpPp|C|lpP|C|pP

8 1.2 13 1.8 5 2 5 2 5 2152
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IV.3. Céac két qua va luan giai

Hai chi s khach quan, d¢ chinh xac (Precision, ky
hiu 1a Pr) va do triéu hdi (Recall, ky hiéu 1a Re) [45]
dugc str dung trong thyc nghiém dé danh gia hiéu
ning cua dé Xuat.

Recall dugc dinh nghia 14 ti s6 cta sb anh lién quan
dugc tra ctiru (Ky hiéu Ia NR) véi toan bo anh lién quan
trong co so dit liéu (ky hiéu la NT).

Pr=NR/N, Re = NR/NT

Cac dé& xuat da duoc so sanh véi nghién cau lién
quan trudc ¢ cac khia canh:

e Do do khoang cach giira d6i twong anh ching toi
st dung dinh nghia 3.3 theo tung bd dic trung
nén don gian hon, chinh xac hon. Trong khi [43]
str dung dinh nghia 2.2 theo kiéu dic trung.

e Sir dung chuan hod 3c—FCM rat phu hop dit liéu
két hop nhiéu dic trung, dam bao 99% dir lidu
sau chuan hoa thuoc [-1,1]. Trong khi d6 nhiéu
nghién ctu [7, 28, 35, 42, 43] str dung chuan hoé
30 va trong [2] st dung chuan hod min-max c6
nhiéu han ché (da ching minh trong muyc 2 va 3).
Chung t6i sir dung ham chuan hoé khoang cach
d=min(max(d+1/2,0),1) nén d6 mait théng tin it
hon cua cac phuong phap khac khi quy khoang
céch vé [0,1].

e Trong hiéu chinh trong s khoang céch, [43] chi
s dung d6 léch chuin cua do dai véc to dic
trung, phuong phap cia ching t6i st dung két
hop ca hai do léch trén do dai véc to va d6 dai
theo bo dic trung (phuong trinh 3.8). Sy khéc
nhau ¢ day la chang téi sir dung tap AGR; theo bo
dic trung, trong [43] st dung tap AGR; theo kiéu
dac trung.

Hiéu chinh truy van trong phuong phap ciia ching
t6i sir dung tap AGR; theo bo dic trung c6 két hop
thdng tin phan hoi va thong tin dit liéu. Tap AGR; thay
d6i sau mdi phan hoi.

Ching t6i thuc hién tra cau theo ky thuat Power
Tool [43] va ky thuat d& xuét trén dic trung chuan hoa
theo 3c (IR-3Sigma) va dic trung chuin hoéa theo
36— FCM (IR-FCM). Bang 2 cho biét do chinh xac tra
ctru véi s6 1an 1p |.

Tap V-1, S6 15 (35), thang 6/2016

Bang 2. Bo chinh xé4c trén | 1an lap

Kythuat | I=1 1=2 =3 | =4 | 1=5 | [N
Power Tool | 069 | 0629 | 0578 | 0532 | 0485 | 58.2%
IR-3Sigma | 0.707 | 0.698 | 0.678 | 0.652 | 0.609 | 66.9%

IR-FCM | 0712 | 0712 | 0676 | 0.646 | 0.608 | 67.1%

Céc Hinh 5, Hinh 6 va Hinh 7 12 biéu d6 cua d6
chinh xé&c va triéu hoi, do chinh xéac, triéu hoi tuong
&ng trong 10 lan lap thé hién tinh hiéu qua cua ki thuat
dé xuét.

— —&—Power Toal
— ——RiTtrecSigma
=& RurCl

el
Hinh 5. Biéu db do chinh xac va triéu hoi

0.8+
0.6
0.4+

0.2+

Hinh 6. Biéu db do chinh xac ting lan lap

Recall

N Fower Tool
. |R-3Sigma
. IR-FCM

0.8
0.6

0.4+

024

Hinh 7. Biéu db triéu hoi tirng lan lap
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V. KET LUAN VA HUONG NGHIEN CUU TIEP THEO

Phuong phép chuin ho4 3c—FCM duoc dé xuat
cho dir liéu khéng phai 1a mot phan bé Gauss, dam
bao 99% nam trong pham vi [-1,1]. Hé thong tra ctu
anh theo noi dung cai thién do chinh xac dat dén
67.1% do chinh trong sé khoang céach bang thdng tin
phan hoi va tap ARGt

Trong twong lai chiing t6i tiép tuc sir dung phuong
phédp chuin hoa nay va cai tién phwong phap hiéu
chinh trong sb dua vao thong tin phan hoi lién quan dé
tang hiéu nang hé théng tra ciru.

LOI CAM ON

Chung t6i xin cam on su hd tro tir dé tai CS’16.03
“Phat trién mot sb phwong phap tra ctu anh dua vao
nhan thic tryc quan va da truy van” cia Vién CNTT,
Vién Han 1am KH&CN Viét Nam.

PHU LUC A
Meénh dé 3.1: (Ching minh).

Theo cbng thure tinh tdm dya vao FCM ta co:

vi<j<m.V,; ch.E‘ D]/ch.,

ol = Zn (E,i1-V,. L) /%:nf,i =

) [Zn (E.0)° —N,cﬁlgnéfia,i[j]]/im‘; +Vi
iz:l:ncéi (E.[i) /ém‘fi V24V
- gn:; (E.0]) ianln!fi -

Ménh dé 3.2: (Chiing minh).

-Vl Y-Vl xm—vl,cngmm{xm—v m}
B J Txec| 3o

3o, 3o, . 30, o
x01-Vi 01

tc,j [N
LC<C 30

Vi< j<m

2 _
:>O-t,c,j =

X
V1<c<C,

= min X[l] [J]

1<c<C 3(7 o)

V].SCSC,y[I]_VI'C[I]SX[I]_VI'C[I]jy[I]_VLC[I] {XD] [I]}
3o, 3o 30 . Lc<C o

t,c,j
te,j ] t,c,j tc,j

Tap V-1, S6 15 (35), thang 6/2016

XO1-Ve 011 yi1-Vi 01

= MmaX
1<c<C 3o-t,c,1 1<c<C 3o-t,c,j
PHU LUCB
Bdng B.1. Cac ky hi¢u va cdc dinh nghia
Ki hiéu Dinh nghia
1,Q Anh co s¢ dit liéu va anh truy vin
n Kich thudc cua co so dir liéu anh
F Khong gian déc trung
m Do dai cia mot véc to dac trung
T={t1,..tk} Tap két hop nhiéu dic trung
E Dit liéu ddc trung
Ei (E™) Dic trung tho (chun hod) cua anh thi i
E; (EY Norm ) _Dac trung tho (chuén hod) bo t cua anh thi
i
oK QtNorm) ?éo trungx thd (chuan hod) bo dic trung t
anh truy van
D(Dy) Ham khoang cach toan bo (bo dic trung t)
wt Trong sb khoang céch ciia b dic trung t
NB Tap dé} tuong anh c6 d6 do khoang cach
nho nhat theo dac trung toan cuc
NBt Tap anh c6 do do khoang céach cao theo dac
trung t
NB+ Tap anh x&c nhan tich cuc
NB- Tap anh x&c nhan tiéu cuc
NB-~ Tap anh c6 do do khoang céach cao va thudc
tap NB-
NB* Tap anh chua duoc tra cau
Vt(D) Tap tam cum theo dic trung t
Vi Tam cum c cia thanh phan dic trung j & bo
” dac trung t (theo FCM)
v ©) Tam cum c gia tri khoang cach Dt (theo
te FCM)
D Gi4 tri d6 thuoc cua phan tir dac trung i &
Meci bo t so v&i tam ¢, p 1a hé sé6 FCM
o Do léch chuan thanh phan j cua dac trung t
te. theo cum ¢
o Do léch chuan khoang cach dic trung t voi
Ot tam ¢
NB* Do léch chuén khoang cach bo t trong lan
Oito lap 1 déi véi cAc dnh & tap NB+
NB-+ Do léch chuin theo do dai dic trung bo t
ARSI trong 1an lap | cho anh I trong tap NB+
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