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TOM TAT: Trong vin dé tra ciru dnh dwa trén ngi dung (CBIR), dnh dwoc biéu dién bang nhiéu dic trung mirc thap dé mé ta mau
sde, két cau va hinh dang cia anh. Céc thudt todn truy van anh thuong xdy dung cdc dg do twong tw toan cuc giﬁ“a cac vecto dac
trung biéu dién doi twong anh. Sir két hop nhiéu dic trung anh khac nhau nhw vay doi hozphaz chudn héa di liéu cdc b dic trung.
Buée chudn héa dir lidu dic trung anh ¢é dnh huong dén chat lwong CBIR va di c6 mét s phép chudn héa dwoc siv dung nhi
chudn héa min-max, chudn hda 3-sigma va chudan héa mé rong 3sigma-FCM, ... Bdi bdo nay trinh bay mét phwong phap chudn héa
méi cdi tién tir chudn héa 3sigma-FCM. Thiec nghiém dd chimg (6 tinh hiéu qud ciia thudt todn dé xudt cho van dé chudn héa di
lidu dic trung anh. Khodng dong cia dit liéu ddc trung anh dwoc chudn héa trén doan [-1,1] rong hon khodng déng tiwong img ciia
phép chudn héa 3sigma-FCM. Thue nghiém ciing chimg 16, phép chudn héa mdi ciing tang chat lwong CBIR khi két hop véi cdc
thudt todan xay dung do do twong tu anh nhuw EMR.

Tir khoa: Tra citu anh dua trén néi dung, Pdc trung mikc thd'p, FCM, Chudn héa 3sigma-FCM, Chudn héa toi wu, EMR.
I. GIOI THIEU

Truy van anh dya vao ndi dung (CBIR) tré thanh linh vuc nghién ctru quan trong trong nhitng nim qua. Cac hé
thong nay thuong trich rat cac bi€u dién tryc quan cuia anh va dinh nghia cac ham do d6 tuong tu, tim kiém, so khdp
moi lién quan de€ tra ctru theo yéu cau.

Tuy nhién viéc truy van anh dua trén ndi dung doi hoi phai két hop cac thong tin mé ta vé mau sic, két ciu va
hinh dang déng thoi. Mbi vécto dic trung truc quan trich rat duoc tir mot anh co6 cac thanh phan gié tri s§ ¢6 thé thude
céc khoang s6 rat khac nhau, do d6 khi két hop nhiéu dic trung biéu dlen cho céc anh dé xay dung d6 do tuong tu cua
mdt cdp anh chiing ta can phai chun hoa dir liéu ddc trung vé mot mién s chung, cu thé 1a doan [0,1] (xem [1, 2]).

Moi gan day, trong [3] cac tac gia dd dé xuat mot phuong phap chuan héa goi 1a 3sigma-FCM. Phuong phép
chuin hoa nay 1a mot mo rong ciia phuong phap chuin hoa 3sigma thong dung, dugc sur dung nhiéu trong linh vic
CBIR [2, 4, 5, 6]. Phuong phap 3sigma-FCM ap dyng cho hé thdng tra ctru anh theo ndi dung sir dung phan hoi lién
quan va két hop nhiéu dic trung tryc quan mirc thap kha hiéu qua. Tuy nhién do khi két nhdp cac gia tri chuan hoa
3sigma tinh dugc dua trén thuat toan FCM céc tac gia chi dung hé so chia ty 1€ theo tham s6 1a s6 16p nén khoang
dong dir liéu dac trung sau khi phan cum van thu hep hon so véi doan [-1,1]. Dleu nay lam giam tinh khai quat cua
phuong phap chudn hoa 3sigma-FCM dé ap dung phép chudn hoa nay sang mién tmg dung khac vi thudng cac bude
chudn hoa dir liéu déu yéu cdu trai rong trén toan b doan duge quy chuin, ching han trong cac phép xdy dung do
tuong ty st dung nhiéu bd dac trung dua trén tich phan Choquet [7].

Phuong phéap cua chung t6i 1a khi két nhap cac gia tri dugc chuin hoa riéng r& cho tirng cum sir dung mot bién
do6i tuyén tinh vadi cac hé so tuyén tinh duoc ude lugng tu dong va toi uu tir co so dir liéu dac trung anh. Nhitng khac
biét nay dugc trinh bay trong phan ba va phan bon.

Phan con lai cua bai bao duge td chic nhu sau. Phan hai, mot sb nghién ctru lién quan st dung két hop dic
trung, chuan hoa déc trung, chuan hoa khoang cach. Phan ba la dé xuat chuan hoa dac trung cai tién cta chung toi. Cac
két qua thuc nghi¢ém dua ra trong phan bon. Két luan va huéng nghién ctru tuong lai trong phan nam.

Il. NGHIEN CU'U LIEN QUAN
Bang 1 sau day li¢t ké mot s6 ki hi€u dugc st dung trong bai bao nay.

Béang 1. Cac ky hiéu va cac dinh nghia ctia no

Ki hiéu Dinh nghia

I Anh néi chung

Q Anh truy vén

n Kich thudce cua co s dir liéu anh
F Khoéng gian déc trung

m Do dai ciia mét véc to déc trung
T={t;,..t} Tap két hop nhiéu dic trung
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Ki hiéu Dinh nghia

E Mot diém dit ligu (dic trung)

E; bic trung tho cua anh thi i

Et,i Dic trung tho bd t ctia anh thir i

EiNorm Dic trung chuén hod anh thi i

Etl’\liorm Dic trung bo t anh thir i dd chuén hoa

Q: Dit liéu b t anh truy véin

QtNorm Dit liéu chuin hod bo t cia anh truy van

V.. Tam cum c cua thanh phin dic trung j & bd
ted dac trung t (theo FCM)

_ Gid tri d¢ thudc cua phan tir ddc trung i ¢ bo t

Meei s0 v6i tam c, p 13 hé s6 FCM

c D6 léch chuin thanh phin j cua dic trung t
te. theo cum ¢

A. Cdc ddc trung mirc thip trong CBIR va biéu dién doi twong dnh

Trong cdc (mg dung CBIR khac nhau, tap dir liéu khac nhau yéu cau phai c6 cach két hop céac bo dic trung phi
hop. Cac dac trung truc quan duogc sir dung 1:21 md ta mau, két cau va hinh dang, xem chang han [8-13, 2, 14-17 ]. Duéi
day chung ta li¢t ké mot s6 ddc trung murc thap cu the.

Pic trung mau (color features)

Color Moments: Mdi anh dugc chia thanh cac vung 3 x 3 va ba moment mau color mean, color variance and
color skewness dugc tinh toan cho moi vung trong méi kénh mau HSV tuong tng [11].

Dic trung két cau (texture features)

Gabor Wavelets Texture: Mdi anh duoc biéu dién bai 40 anh con boi ap dung bién doi Gabor véi 5 muc ti 1§ va
8 hudng. Sau d6 ba moment s& dugc tinh toan cho mai anh con [17].

Local Binary Pattern (LBP): Mdi diém anh dugc gan nhan dua vao céc léng giéng ciia né trong cira s6 3x3 va
duoc biéu dién bai mot s6 nhi phan. Histogram cua 256 (28) nhin nay duoc dinh nghia nhu 1a d6 do bat bién két cau
[18].

Dic trung hinh dang (shape features)

Edge: Véi dic trung ndy, biéu dd hudng bién dwoc sir dung. Thong tin bién chira trong anh dwoc tao ra va xi ly
st dung thuat toan phét hién bién Canny trén anh da dwoc chuyén di thanh anh xam. Biéu d6 hudng bién sau d6 dugc
lwong tir hda thanh 36 bin véi 10 d6 cho mai bin. Mot bin dugc st dung bd sung dé dém sé luong cac diém anh khong
¢6 théng tin canh [18].

GIST (Global Scene): 1a md6 mot mo ta téng hop thdng tin gradient cho cac phan khac nhau cua anh. Véi viéc
nhan chap anh véi 32 bo loc Gabor tai 4 ti 16 va 8 huéng, 32 ban dd dic trung cing c¢& voi anh goe duoc tao ra. Mai

ban d6 ddc trung nay sau d6 dugc chia thanh 16 ving boi lugi 4x4 va gia tri dic trung trung binh ctia mdi ving dugc
tinh toén [19, 18].

Khai quat lai, trong [2] céc tac gia da trinh bay mot biéu dién cua anh sir dung nhidu bo dic trung, trong mdi bo
dac trung cling c6 nhicu thanh phan nhu sau:
Pinh nghia 1 (Biéu dién anh): O=0 E,F, T , trong d¢:

(1) E: dir liéu tho cua anh

(2F = f. :tap dac trung mirc thdp (md ta vé mau, két cu, hinh dang).

(3)T = t. :tap biéu dién cho dic trung fi G =t t. t. | véc to gdbm nhi€u thanh phan.

ij i+ Lk, bijk

Sau khi da biéu dién dugc mot anh, chung ta s& can xay dung cac do do tuong tu ciia mot cap anh, cod nhiéu cach
xay dung do do twong ty, xem chang han [7, 20].

Dgn gian nhat dé xay dung mot d6 do tuong ty la xay dung mét d¢ do khoang cach véi gia tri $6 trong doan
[0,1]. Chang han, d6 do khoang cach co trong so trong [3] sau:

Do do khoang cach D gitra hai dbi twong O'(E?, F1,T') va O%(E?, F%,T?) dang day du x4c dinh:
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(1) B do khoang cach mot b dac trung:

(i1) B¢ do khoang cach toan bo: Q)

def
DO E,FT, 0 EFT =)wp, f'.f
ij

ijoi?
_ M0 hinh biéu dién anh bang cac dic trung mirc thap yéu cau chuan hoa cic dic trung Vé‘ mién gia trj s6 [0,1] dé
bu dap cho pham vi khéc biét nhau giira cac thanh phan dac trung dugc dinh nghia trong cac mién khac nhau.
B. Phép chudn héa cdc b dic trung mirc thip

Phép chudn hoa gié tri ciia cac dic trung mirc thap cé anh huong dén hiéu qua cua cac hé théng CBIR [3].
Ngoai cac phép chudn hoa thong dung nhu min-max, 3sigma [2] va gan ddy trong [3] céc tac gia da trinh bay mot phép
chuin héa mé rong cua 3sigma dé khic phuc giéi han cta yéu cau dit liéu phai c6 phan b Gauss.

Cho trrude mot co so dir lidu (CSDL) didc trung mirc thip, st dung FCM (vé FCM, xem [21, 22, 23]) ta phan
cum CSDL thanh C cum.

Cho E; ., VA cdc hing sép=p(t)>1,C=C(t) eN",C>2, m = dim(E,;),Vvl< I <N. Thuat toan lip

FCM cuc ti€u héa ham muc tiéu:

IV, = 220!

i=1 c=1

—min, @)

v6i d do khoang cach Euclid, |E, -V, [

- Z E01-V.,.[] * Va cac rang budc bién nhu sau:
(i) M; €[01], vi<i<nl<c<C

(ii) chnm =1vi<i<n ®)

c=1

n
(iii) Y n,; >0, vi<cscC

i=1
Phép chudn hoa 36-FCM [3] dugc cho nhu sau:

m,

X= X; X _=x_ . Vl< j <m, 1a vécto dit liéu dau vao theo dac trung mirc thap t, vécto chuan héa

j ]1’ norm nom, J g

Xnorrm €12 36-FCM xéac dinh nhu sau:

RS —Vm. X; —Vw.
mnNy—— ,+MaXy——— 4
def 1<c<C 3c . 1<c<C 3c . ( )
_ t.c,j t.c,j
norm, j - C +1

trong d6 tham s6 C 1a sb cum cua thuat toan phédn cum FCM, 4o léch chuin & cum ¢ (1<c<C) trén dit liéu

. dugc tinh bang cong thirc sau:
LI 1<icn

v:].SjSm[ tCJ \/an IIJ t,c,j zlzncp,i :\/ZUICI E\IJ /ZUtCI tC] (5)
i=1

bic diém cta 36-FCM :
(1) 30-FCM khéng can gia dinh cac thanh phin vécto diu vao co phan bd Gauss.

(2) 36-FCM bao toan thir tu trén timg thanh phan vécto va hdu hét gia tri thanh phin vécto da bién dbi nim
trong [-1,1].
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(3) Phép chuan héa 36-FCM khéng phai chuin hoa timg thanh phan vécto riéng ré nhu phép chuan héa min-
max, 3sigma ma thyc hién bién doi vdi cac thanh phan vécto vdi tham s bién doi c6 lién hé nhau.

~ Tuy nhién 36-FCM vén con mot s6 han ché, d6 1a mién gid tri ctia céc thanh phn vécto sau khi bién doi van c6
thé hep hon [-1,1] nhu hinh la-1g da chi 6. Ngoai ra, phép bién d6i van chiu anh hudng cta tham so6 so cum C khi st
dung thuat toan phan cum dir liéu vécto FCM trudce khi bien doi chuan héa theo cong thirc (4).

(d) . (e) (9)

Hinh 1. Lugc d6 dic trung chuén hoa theo luat 36-FCM. (a) HSV Histogram. (b) autoCorrelogram. (c) GaborTexture.
(d) WaveletMoment. (e) Gist [3]

Trong muc III chiing t6i s& d& xuit phép bién d6i dua trén 36-FCM van dam bao cac dic diém cua phép bién
d6i 36-FCM nhung gia tri cua cac thanh phan veécto sau khi bién doi trai rong hon trong [-1,1] va khong phu thudce
nhi€u vao tham s6 C-s0 cum.

I11. PE XUAT

Sau khi phan cum FCM dit liéu vécto dic trung mitc thip t (te{Color moment, LBP, Gabor Wavelet texture,
Edge, Gist} ching han) ciia CSDL anh ta nhan dugc tap cac vécto tam {V t,c}chc ® va ma tran 2 chiéu cac gia tri do
thudc trong doan [0,1] 1a {77, j,c}lg j<m, 1<c<c(t)» thay Vi dung hé s6 ti 16 14 K=C(t)+1 ta s& xac dinh hé sb a, b cua bién
doi tuyén tinh bdo toan thtr tw (a> 0), X; €[c;,d;]>a;x; +b; €[-11]: a=a E, v, €[01b=b E; _ tu
dong tir CSDL anh theo ti€u chi cuc dai hoa dai tap trung cia dit liéu trong doan [-1,1].

Phép chuan héa tdi uu duge thiét ké dé dam bao c6 khong qua 100* 7, %0 vécto cua CSDL dic trung mic
thip bo t tai mdi thanh phan vécto j € l,dim(Et) roi ra ngoai doan [-1,1] va do trai rong cua tap thanh phan j cua tap

vécto CSDL trén [-1,1] 1a 16n nhét.

Pinh nghia 2: Phép chuén hoa 36-opt v6i tham s6 t6i wru.

ca LT ~ 1ia aA N _ M : N o A . 5
Giasr x= x; _ lavécto dit ligu dau vao, X, = X, V1< j<m X, ; lavécto chuan hoa ciax,
”Ef X Vi X ~Vie )
X o =8y, | mind el by max TL_telt iy
g Pt 1<c<c 30-t . 1<c<C 30-t . P

& day ap, Dopt 12 2 s6 thyc thoa min:
(i) O0<agy< 1,-05< Dopt < 0.5
(if) opt, Popt tO1 U hoa ham muc tiéu sau:



772 PHEP CHUAN HOA DU LIEU BPAC TRUNG MUC THAP CUA ANH TRONG TRUY VAN ANH DUA TREN NOI DUNG

F.(a,b) = - +# jeldim(E,)# ieln/ad, +be[-11] >n*a,, —>min

(ad,; ; +b)* @)

1 i=1 1< j<dimE ; nad, ; j +be[-11]

i n*dimE,

trong do
G E . -V . E . -V . —
dy;;=mind—d—8l by maxy =804 t=1T i=1,n, j=1dim(E,) (8)
Tl 1<esC 30 1<c<C 30

t.c,j
oout€(0,1) 12 ngudng khdng ché s6 phan tir thanh phan vécto tht  j =1,dim(E,) cua n vécto dit ligu {Et,i}in=l cua
CSDL dic trung mirc thap t (v6i dir liéu c6 phan bd Gauss chuan, phép chuan hoa 36 €6 ooy = 0.01).

Nhan xét : Ham Fy(a,b) dugc thiét ké theo nguyén tic ting thém gia tri 1.0 tai mdi thanh phan j €1,dim(E,) ma co
16n hon :I.('J(’J*a’out % vécto ciia CSDL dic trung muc thap b t tai thanh phan vécto roi ra ngoai doan [-1,1]. Nhu
vay Fi(a,b) s& tang khi ¢6 nhiéu thanh phan j €1,dim(E,) ma c6 16n hon 100*¢,, % vécto ciia CSDL dic
trung murc thip bo t tai thanh phan vécto roi ra ngoai doan [-1,1].
Mg¢énh dé 1:

Néu Fy(a,b) < 1 thi v6i mdi thanh phan j trong vécto dic trung bo t, j =1,diM(E,), s luong vécto dac trung

bd t trong CSDL Et’i ey S3U khi bién ddi theo cong thirc dang (7) , roi ra ngoai doan [-1,1] khong vuot qua n*olou.

Chirng minh: xem phu luc.

Thuit toan 1. Phép chuin héa 3c-opt (Phép chuin héa véi tham sb tdi uu).

x £ ; F i 1n ~ Ao x .
Input: E[’i Ji<ni<t<T * hing sbp=p(t)>1,C=C(t) €N ,C>2, m = dlm(E[‘i),Vl =1,n, ngudng phan trim roi ra

ngodi [-1,1] cua cac thanh phin vécto sau khi chun hoa ot

. Norm ~ 1iA = A Lo A \ z
Output: EI’i in dir liéu da dugc chuan hoa, cac tim Vt'C 1<c<c,’ Otc.j 105G, 1] va tham s agpt, Dopt
Ie C‘ A 7 A
Buée 1: FCM C,, p, Et,i,c rienier  ta duoc Vie o' Thei reec acion” theo cong thire (2) va (3)

Buwéce 2: Tinh o

L 1eoec acjem theo cong thirc (5)

Buwéc 3: Tinh d theo cong thirc (8)

Lo 1ee<c, 1<j<m
Buée 4: Giai toi wu F,(a,b) > min, xac dinh agy € (0,1), by € [-0.5,0.5] s20 cho Fy(@opbopr) nhé nhit, & day
Fi(a,b) xac dinh theo cong thirc (7).

4.1: Khéi dau a:i, b=0.
C+1
4.2: Lap, thay doi a va b dé Fy(a,b) dat téi gia tri xap xi gi4 tri nho nhat (xem [26]).
4.3: Gan gy = a, byt = b.
Buéc 5: Chuan hoa vé [-1,1]:

Lap véi mdi vécto dic trung b t caa CSDL Et,i . lap véi mdi thanh phan j j=1, M, ciia vecror Eti tinh

" theo cong thirc (6).
Buére 6: Chuan hoa vé [0,1]:

max E™™M -1 +1

—norm —_— P
- I X+ 7 H ’ . - ti,] ?
Lap véi mdi vécto Evi 1 Vj=1,m, tinhlai E™™ = min il
ti, ] 2 !
. x  —=horm .
Travée: Eq, v Vie VO L ptDopt.
1<i<n 1<c<C, ©J 1<e<C 1<jsm,

Do phtrc tap thuat toan 1 1a O(n).
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IV. THUC NGHIEM

Ching t6i tién hanh céc thi nghiém trén ba tap dir liéu Corel10K [24, 27] va Oliva [25]. Pay la cac tap dit liéu
chuan duogc str dung rong rai dé danh gia hiéu nang cua cac hé thong CBIR. Cac tap dit liéu nay dugc t6 chirc thanh céac
I6p ngir nghia theo cach con nguoi nhan thic vé do tuong tu. M3i I16p biéu dién mot chu dé ngir nghia khac nhau, cac
anh trong cung moét 16p dugc xem 14 lién quan.

Tap dir ligu the nhat Corel10K, 12 tap con ciia co s dir ligu Corel photo gallery. N6 gom 10000 anh dugc phén
thanh 100 16p vai 100 anh trén mot 16p. Hinh 2 chi ra mot sé6 mau anh trong tap dit liéu nay.

Hinh 2. M(_)t $6 miu trong tap dit liéu anh Corel 10000 anh

Tap dit liéu the hai Oliva bao gom 2600 anh dugc t6 chic thanh 8 16p: Coast & Beach: open country, forest,
Mountain, highway street, city center, Tall building nhu chi ra trong hinh 3, mdi 16p c6 tir 260 dén 409 anh.

Hinh 3. M6t s6 mau trong tap di liéu anh Oliva

A. Trich chon ddc trung

Trong céc thi nghiém, chdng tdi sir dung 5 dic trung toan cuc dé mo ta mot anh: Color Moments, LBP, Gabor
Wavelets Texture, Edge , GIST.

Bang 2. Thudc tinh cia cac dic trung mé ta vé mau, két cu va hinh dang anh

Tén dic trung bac diém biéu dién S6 chidu vécto dac trung
Color Moments Mau sic 81
LBP Két cdu 59
Gabor Wavelets Texture Két cau 120
Edge Hinh dang 37
GIST Hinh dang 512

Tét ca cac dic trung ndy dugc chuan hoa dé mdi thanh phan nam trong khoang [-1,1] theo thuat toan 1. Khoang
cach Eculid s& duogc su dung dé tinh khoang céch gitta cac dic trung.

B. Chi sé ddnh gid

Do phép chudn hoa di dat ngudng sé phin tir roi ra ngoai doan [-1,1] ctia cac thanh phin vécto roi ra ngoai

doan [-1,1] 1a khong vuot qua &

out *

li¢u ddc trung murc th'?ip b6 t vé doan [-1,1], cu thé nhu sau:

RMS =

(ad

i=1 1<j<dimE,; nad, ; | +be[-11]

n*dimE,

mdt cach tu nhién, ching ta c6 chi sé danh gia hiéu qua phép chuin héa vécto dit
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Chi s6 RMS noi 1én d¢ trai trong doan chuan hoa [-1,1]. RMS cang 16n chimg t6 phép chudn héa cang tét theo

nghia do trai trong doan [-1,1] ctia moi tdp thanh phan E.; =1 dim(Et) 14 16n.

C. Tham sé t6i wu tinh dwoc va két qud thwe nghiém chuin héa dé xuit

Bang 3. Tham s6 t6i vu ciia 36-0pt cho CSDL cac dic trung muc thip trong CSDL Corel 10000 mAu thuc hién v&i FCM ¢6 sb

cum C = 10, 06,=0.02 (2%)

Dir liéu dic trung Aopt Dopt
Color Moments 0.5138 0.0096
LBP 0.2315 0.0037
Gabor Wavelets Texture 0.4290 -0.2294
Edge 0.0755 0.500
GIST 0.3377 -0.4953

Bang 4. Gi4 tri chi s6 EMR 3c-0pt va 36

-FCM cho CSDL céc déc trung mitc thip trong CSDL Corel 10000 miu thuc hién véi
FCM c6 s6 cum C=10

Dir li¢u déc trung RMS RMS
3o-opt 30-FCM
Color Moments 0.36407 0.065946
LBP 0.28731 0.11644
Gabor Wavelets Texture 0.3881 0.089657
Edge 0.53337 0.12538
GIST 0.54033 0.060937

% L " : L " N
0 1000 000 00 200 S0 SO0 00 8000 000 10000

() 30-opt dé xuét cho color moments 81 chidu

15

0 D 2000 X0 4X0 Z0C 00 N0 00 2000 10000

(c) 3c-0pt d& xuét cho Gist 512 chidu

O!(I

DN W0 00 4N W0 w0 A0 00 %0 00
(b) 30-FCM cho color moments 81 chicu

700 00 0 4300 40 200 OO0 A0 9000 10ooa

(d) 36-FCM cho Gist 512 chiéu

Hinh 4. Chuén hoéa cho tap Corel 10000 anh, s6 cum C = 10

36-opt ¢6 trung binh (a) 50, (c) 9 vécto thanh phén roi ra ngoai [-1,1], trai rong trén [-1,1]

36-FCM ¢6 trung binh (b) 0, (c) O vécto thanh phin roi ra ngoai [-1,1], doan hep cua [-1,1]
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Phép chuin héa 36-FCM phu thudc manh vao tham s s cum, tuy nhién 3c-opt thi khong phu thude nhiéu vao
tham s6 nay. Hinh sau cho thay r6 diéu do khi chuan hoa dit li¢u vécto Gist voi gia tri so cum thiét 1ap 1a 5.
2% T T T T T T T T T 1 s

X
;‘

|

15

\H;ni L ) n | .|
il |

asl
(] oo zm o L

R S W S } W0 000 W00 400 G000 6000 G0 6000 000 N0
(@) 36-opt cho Gist (b) 36-FCM cho GIST
Hinh 5. Chuén héa cho tdp Corel 10000 anh, s6 cum C =5

So sanh hinh 5.c va hinh 6.b r8 rang 36-FCM phu thudc vao sé cum va khi sb cum 1a 5 d6 trai rong cua 3o-

FCM tbt hon khi sb cum 1a 10. Tuy nhién 3c-opt thi khéng phu thude s6 cum. Diéu nay 1a do ban chit ham muc tiéu
Fi(a,b) & cong thirc (7) dugce tdi vu dé trai rong dir 1iéu thanh phan vécto trén doan [-1,1].

D. So sanh thuc nghiém trong CBIR

Dé so sanh ching t6i sir dung phép danh hang EMR [20] dé thuc nghiém tinh hiéu qua cua thuat toan chuén hoa
toi wu dé xuat ctia ching toi so voi [3].

(a) 109020.jpg: Kich thude 768x512 (b) 172023 jpg: Kich thudc 768x512

(¢) 170012.jpg: Kich thuéc 512x768 (d) 107018 jpg: Kich thude 512x768

Hinh 6. M6t sé anh trong Corel 10000 anth
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Hinh 7. Truy van hinh anh 6.a sir dung chun hoa 36-FCM v&i EMR, xuét hién 3 anh khong lién quan trong 20 anh

¢6 thir hang cao nhét
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Hinh 8. Truy van hinh anh 6.a sit dung chuan hoa SG-th d& xuét voi EMR, tt ca trong s6 20 anh c6 thir hang cao nhét
deu lién quan
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Hinh 9. Truy vén hinh anh 6.b sir dung chuén héa 36-FCM véi EMR, xuét hién 6 anh khong lién quan trong 20 anh
c6 thtr hang cao nhat
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Hinh 10. Truy v4n hinh anh 6.b sir dung chun hoa 3c-opt dé& xuét véi EMR, tit ca trong s6 20 anh c6 thir hang cao nhét
deu lién quan



Hoang Xuan Trung, Poan Vin Hoa, Nguyén Tan An, Ngo Hoang Huy

777

’
,
4
'
L)
'
.
)
:

x
v
'
)
l

’

3
|
{
:

4
|
-
-
.-

P

,.
I'.
E.‘

:

'
EE
ERE

:
!
»

-_0e

o [
4

“ k
’ e
¢
'

Hinh 11. Truy van hinh anh 6.c st dung chuén héa 36-FCM v6i EMR, xuét hi¢n 3 anh khong lién quan trong 20 dnh
¢6 thir hang cao nhat
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Hinh 12. Truy v4n hinh anh 6.c st dung chuén hoa 3c-opt dé xuét v6i EMR, tit ca trong sb 20 anh
6 thir hang cao nhat déu lién quan
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Hinh 13. Truy van hinh anh 6.d sir dung chuén héa 36-FCM v6i EMR, xuét hi¢n 3 anh khong lién quan trong 20 anh
c6 thtr hang cao nhat
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Hinh 14. Truy van hinh anh 6.d sir dung chuén héa 3c-0pt dé xuét véi EMR, tht cé trong sb 20 anh c6 thir hang cao nhét
deu lién quan
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Thyc nghiém vai 100 anh c6 thir hang cao nhét theo d6 do tuong ty EMR trén 10% anh truy van duogc chon
ngiu nhién tir tap Corel va tap Oliva déu cho két qua trung binh cuia 3-0pt 1a cao hon so véi 36-FCM.

Bang 6. So sanh hiéu qua truy van cta 3c-opt va 36-FCM trén 2 tap Corel va Oliva

Tép anh D9 chinh xac trung binh D6 chinh xac trung binh
Corel 10000 anh 65,3% 69,1%
Oliva 73,3% 75,4%

Céc két qua minh hoa thue nghiém trén cho thdy phép chuin héa 3c-opt cho hiéu qua hon 36-FCM. Khi cac dir
li¢u dac trung n}l’tg thap dugc clluén ’h(')arvéi dd khop cao voi doan chuan hoéa [-1,1] d¢ do twong tw EMR da dugc hoc
ma tran trong so toi wu hon va dan dén két qua danh hang duogc cai thién.

V. KET LUAN

Bai bao da dé xuat mot phuong phap chuin hoa dir liéu vécto dic trung mirc thip, bao toan thtr ty & cac thanh
phan vécto sau khi chudn hoa dya trén phép chuén héa 36-FCM cua céc tac gia trong [3], nhung ¢6 wu diém veé do trai
rong trén doan chuan hoa [-1,1], khong phy thudc tham so C- s0 cum dugce sur dung cung véi thuat toan FCM.

~Ngoai ra bai bdo ciing dé xudt mot chi s6 danh gia hiéu qua cua mot phép chuin hoa dir liéu vécto m chiéu vé
khoi hop vudng [-1,1]™,

) Thyc nghiém voi cac CSDL anh 16n nhu Corel 10000 m?lu, dua trén tryc quan va chi s6 danh gia khach quan,
ket qua truy van anh thuc t€ da chung to hi¢u qua cua phép chuan hoa toi wu d¢ xuat 1a vuot trén céac thuat toan chuan
hoa da cé.
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PHU LUC A. Mot s6 phép chuén hoa hay duge st dung trong CBIR [3]

Chuén héa min-max veé [01,1]:

f,,—min E, (A1)
' ' . . ' Ei
f=f, o f ) ¥j=Ldim(f)f = _
max E; -min E
Ei ! Ei !
Chuén héa 30 vé [0,1] (hdu hét):
fi= f, o f f,,Vi=Ldim(f) f =05* 1.1}
’ ' ’ 30
def def . ‘
Trong dé m; = mean Ei,j ,O; =var E.'. ,6day E; la mot CSDL déc trung mirc thap cia cac anh.

b 1<i<n
Chuén hoa theo min — max 1am cho hau hét théng thong tin hiru ich bi chuyén vao mot pham vi rat hep trong
[0,1] néu gia tri max 16n, 30 rai ddu trong [-1,1] nhung yéu cau dit liéu 1a mot chudi Gaussian.

Tinh chét : Chuén hoa theo min-max, 30 bao toan thi tu fl‘i[]] > fz,i“] = flziﬂ] > le[]]

Luat 30: x1a N M,0 , thixéac suét p[x_'“ <1
3 | =

g

>0.99 [2]

Han ché: Chudn hoa theo min — max 1am cho hau hét thong thong tin hitu ich bi chuyén vao mot pham vi rat hep trong
[0,1] néu gia tri max 16n, 30 rai ddu trong [-1,1] nhung yéu cau dit liéu 1a mot chudi Gaussian.


https://www.mathworks.com/help/matlab/math/optimizing-nonlinear-functions.html
http://corel.digitalriver.com/
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PHU LUC B
Mg¢énh dé 1:
Néu Fy(a,b) <1 thi véi mdi thanh ph?m j trong vécto ddc trung bo t, j=1,dim(E,), ) lugng vécto dac trung bo

ttrong CSDL E; i, saukhi bién dbi theo cong thirc dang (7) , roi ra ngoai doan [-1,1] khéng vuot qua n* ooy

Chirng minh:

F(ab) <1nén # jeldim(E)# ieln/ad,, +be[-11] >n*a,, =0,

ti,j

nghialatap jeldim(E,)# ieln/ad, +be[-11] >n*q,, =0.

tij

Nen Vj=1,dim(E,), ta c6 # ieln/ad
ad

wjtbe[-11 <n*g,,. Tic 1a s6 vécto tha i, d;; ma

vi.j +0 & [—11] khong vuot qua n*oy.

A NOVEL LOW LEVEL FEATURE NORMALISATION METHOD FOR CONTENT
BASED IMAGE RETRIEVAL

Hoang Xuan Trung, Doan Van Hoa, Nguyen Tan An Ngo Hoang Huy

ABSTRACT: In CBIR, the image is represented by many low-level features that describe the color, texture and shape of the image.
Image query algorithms often construct global distance measurements between feature véctos representing an image object. The
combination of different image features in a global distance measurement requires standardized data sets. The standardization of
image-specific data has affected CBIR quality, and there have been several standardization uses such as min-max normalization, 3-
sigma standardization, and 30-FCM extended standardization. This presents a new standardized method of upgrading from 3o~
FCM standardization. Experimentation has shown the effectiveness of the proposed algorithm for image normalization of image
data. The dynamic range of the low level features data is normalized on the [0,1] segment that is wider than the corresponding
3sigma-FCM normalization interval. The experiment also demonstrates that the new standardization also increases CBIR quality
when combined with algorithms for measuring analogue images such as EMR.

Keywords: CBIR, Low level features, FCM, 3sigma-FCM, 3o-opt, EMR.



