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XAY DUNG GIAI THUAT VA KIEN TRUC PHAN MEM TiM KIEM
ANH DUA TREN TAP CAC PAC TRUNG

Huynh Quyét Thiang
Khoa Coéng nghé Thoéng tin, Dai hoc Bach Khoa Ha Néi

1. DAT VAN PE

Bai toan nhan dang va tim kiém anh dya trén noi dung duge mé ta: véi mdt anh
¢6 sin hoac da duge mo ta hay tim cac anh tuong tu trong co sd di liéu. Quy trinh thuc
hién nhan dang va tim kiém anh dudc chi ra d hinh 1, trong d6 hai nhiém vu chinh can
giai quyét gom cé: (1)- Trich chon dac trung anh, (2) So sanh anh [1].
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(2) Nhiém vu 2 - So sanh anh

Dé so sanh anh, ngudi ta

chuyén vé bai toan so sanh 46

tuong tu cua cac dac trung anh: Co6 hai anh I,, I, va F,, F, la tap cac dac trung tuong
tng cha hai anh nay. F, ¢6 n phan tu va F, c6 m phan tu
F =1/, ]i =0l,.n} F= {/’2,[_/' =0.,...n |. Théng thuong ngudi ta chon m = n va gié tri nay

Hinh 1: Quy trinh thuc hién nhan dang va tim kiém anh

la xac dinh. Mét phép do dé tuong tu thuong duge st dung nhat 1a tinh ty 1é gidng nhau
cua hai dac trung tuong ung: @; = |f1, —fg,-| (1=0,.,n) Néu di < dnguong thi dic trung
thd i clia hai anh la giong nhau. Dé xac dinh hai anh ¢6 giong nhau khéng ngudi ta xét
ty 1é giong nhau trong tap dic trung. Hai anh thudng duge quan niém la nhu nhau néu
c6 16n hon 60% dac trung giéng nhau tuy thuéc va loai anh dang xét [1,3]. Gia tri
dnguong dugc xac dinh dua trén yéu cau vé d6 chinh xac, kinh nghiém thuc tién cua
ngudi xay dung hé thong va t&t nhién la phu thudc vao loai anh. Khoang cach giiia hai
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tap dac trung dudc tinh nhu sau: p, =z; fii=fo| Dy = /Z(f" - /,;)} Khoang cach nay cé
i=0 1=0

thé xem nhu la nghich dao cua dé tuong tu gida hai anh. Hai anh dudc coi la giong
nhau néu D, va D, nho hon gia tri cac gia tri ngudng tuong ung.

II. TRICH CHON DPAC TRUNG ANH DUA TREN MAU SAC VA LUGC PO MAU

II. 1. Biéu dé phan bé mau sic tong thé - Histogram va phin bé mau sac cuc bo
trén tirng vung ludi anh (Grid)

Biéu d6 phan b6 mau sac tong thé (GCH Global Color Histogram) la cach tiép can
don gidn va thong dung dé ma hoa théng tin vé mau sac phuc vu nhan dang va tim
kigm dua trén noéi dung. Mot GCH dude mé ta bang mot tap cac s6 (méi s6 Ung véi mot
mau), moi s6 ¢6 gia tri cho bai ham p(ck) = nk/n trong dé ck la mau thu k trong khong
~ gian mau da dudc luong ti hoa, nk la s diém c6 mau ck va n 1a tong sé diém trong anh.
Phan bd mau sic cua anh dude biéu dién khong kém theo mét thong tin vé vi tri khong
gian hay hinh dang cua cac ving cing mau, cac anh hoan toan khac nhau vé hinh dang
c6 thé c6 cung GCH. Do d6 nhan dang tim kiém anh su dung GCH thuong cho vé cac
két qua sai diic biét 1a khi thuc hién trén co sé dit liéu 16n.

Néu chi xét phan bé mau sdc trén toan bd anh thi khéng c6 théng tin vé vi tri
xuat hién cua cac mau trén anh. Do d6 anh duge chia thanh tung 6 nhoé va tinh
histogram trén ting 6 d6. Lgi diém cua cach tiép can nay 1a ma hoa nhiéu théng tin hon
so véi GCH. Ngoai su phan bs vé mau sac ctia anh, thém vao d6 con c6 i tri khéng gian
cua mau sac. anh duge phan tich thanh nhiéu 6 ¢6 kich thudce ¢é dinh (thuong la khong
duge chén lén nhau) va véi méi 6 d6, tach ra mét histogram mau sic cuc bd cua né.
Cach tinh méi histogram mau sac cuc bé giéng nhu 1a GCH, nhung chi tinh cho mét
vung cuc bé cia mot 6 thay vi toan bé anh. Mot anh dude chia 1am 64 6 va dude biéu
dién bang 64 histogram mau cuc bé cho méi 6. Khi nhan dang, hai histogram cua hai
anh nhé tuong ng sé dudc so sanh vdéi nhau. Kiéu phan tich anh nay c6 thé dude xem
nhu la mét trong cac cach co ban dé phan doan anh, tuy rang c6 nhiéu phuong an phan
luéi khac nhau [3].

I1.2. Biéu d6 phan bé theo khong gian cua titng mau - Color Shape Histogram

Cach tiép can nay cé thé xem nhu la md rong cua cia cach tiép can phan ludi.
Cach nay lam giam khoéng gian cta ludi qua viéc 1gi dung dic diém chi c6 mét sé tuong
d6i nho cac mau xuat hién trong méi anh. Si dung y tudng phéan bé theo khong gian
cua tiing mau, mau sac khong xuat hién trong anh thi khong can phai biéu dién, do d6
dac tinh cua anh dugc tach cang gon. Xét mot anh dugce chia thanh cac 6 khong dé lén
nhau nhu cach tiép can luéi. Mét CSH cho mdt mau C 1a mét tap cac sd (moi s6 cho mét
0) va gia tri cua né dudce tinh p(cellk) = nk/n. Trong ham nay, cellk 1a 6 thi k cua anh,
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nk l1a s6 diém cua 6 thi k véi mau C va n la tong s6 diém trong anh. Mét anh duge tao
thanh tu N mau sé dude mé ta bdi N CSHs, méi cai mé ta phan bd vi tri cua mot mau.
Theo cach phan tich nay, néu mot mau khong xudt hién trong anh, thi toan bo
histogram khong can phai biéu dién hay luu trii. S6 mau xuét hién trong anh it hon rat
nhiéu so véi tong s6 mau trong khong gian anh. Hon nia cach tiép can CS c¢6 thé biéu
dién truc tiép vi tri xudt hién cua méi mau sac trong anh, trong khi dé cach tiép can
ludi can bude x ly nita mdi 1ay dude cac thong tin nay.

I1.3. Phan tich Wavelet

Phan tich wavelet tuong tu nhu phan tich Fourier theo nghia la chia tin hiéu
thanh phan ti dé phan tich. Bién doi wavelet tach tin hiéu thanh cac “wavelet” cua nd,
duge co dan, dich tu “wavelet goc” (mother wavelet). Diéu kién dé mot ham co thé thuc
hién phan tich Wavelet 1a tich phan binh phudng cua wavelet htiu han, nghia la moi
ham y(t) thoa man: J[ u/(r)|zdi <« ¢6 thé dude xem nhu mot wavelet goe. Ho cua ham

R
wavelet vy, (1) tao thanh mot ¢d s6 cho khong gian Lebesgue L*(R) ¢ thé tao thanh tu
L ) b)

ﬁw( p

Loi thé cua dic trung nay la ¢6 thé xay dung mot khong gian do tinh toan nhanh,

ham wavelet gdc y(t) nhu sau: (1) = a>0beR

yéu cau khong gian luu trid nhé cho méi anh di liéu. Phan tich wavelet hai chiéu cua
anh sé cung cap mot co s6 tot dé xdy dung khong gian nay. Phan tich wavelet cho phép
su xap xi anh rat tot véi rat it hé s6. Thong thuong theo moé hinh nay, chi cac hé so
wavelet ¢6 gia tri cao nhat méi dude sit dung. Phan tich wavelet ¢6 thé duge st dung dé
tach va ma thong tin vé bién anh. Cac hé sd phan tich wavelet cung cidp thong tin phu
thudc vao do phan giai cia anh géc. Do d6 mo6 hinh dua trén wavelet cho phép anh truy
van va anh di liéu dude tach rat hiéu qua. Phan tich wavelet rat nhanh va dé tinh
toan, yéu cau thoi gian 1a tuyén tinh véi kich thude anh [10].

Trong [4, 6] da dé xuat thuat toan: Trong bude tach dac trung, méi anh trong co
sd di liéu dudge phan tich bing phép biéu dién wavelet chuan hai chiéu véi ham goc
Haar, va chi ghi lai trung binh mau tong thé va chi s va gia tri cua m hé sd wavelet ¢6
bién do 16n nhat. Cac chi 6 cho toan bo cd sé dit liéu anh sau d6 dude to chie thanh mot
cau trac di liéu don riéng trong chuong trinh dé t6i uu qua trinh tim kiém. Sau d6, moi
anh truy van ciing dudce thuc hién cing mot phan tich wavelet nhu vay, va bo qua tat
ca cac hé s6 trid m hé so trung binh mau 16n nhat.

Mot phan tich wavelet hai chiéu chuan theo ham géc Haar rat don gian dé cai
dat. N6 bao gom phan tich mét chiéu trén méi hang cua anh, tiép theo phan tich mot
chiéu theo cac cot cua két qua. Phan tich duge trinh bay trong giai thuat 1 [4].
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Proc WaveletTransform(A:array[0..h-1] of Proc Decomposelmage(T :arrav[0..r-1,0..r-1] of
color) color)

A=Al sqrt(h) Forrow=1tordo

While h>1 do: WaveletTransform(T [row,0..r-1])
‘h=h2 End for

fori=0to h-1 do: Forcol =1 tordo

A'li] =(A[2i]+A[2i+1])Isqrt(2) WaveletT ransform(T[0..r-1,col])

A'lh+i] =(A[2i]-A[2i+1])/sqri(2) End for : "

end for End proc

A=A’
End while
End proc

Gidai thudt 1. Phdn tich wavelet theo Haar | Giai thudt 2. Phan tich anh su dung wavelet

Trong doan gia ma trén ¢ giai thuat 1, dau vao A dude gia st 1a cac thanh phan
mau ba chiéu, méi chiéu chay trong khoang [0,1]. S& phép tinh s hoc duge thuc hién
trén moi thanh phan mau 14 khac nhau. Toan bd anh T kich thude rxr cé thé duge phan
tich nhu 6 giai thuat 2. Sau qua trinh phan tich, T[0,0] 1a ty 1é vdi trung binh mau cua
toan anh, trong cac phan khac cta T chta hé sd wavelet. Cuéi cung, chi T[0,0] va chi so
va ddu cia m hé s wavelet 16n nhat cua T dude git lai. D& téi wu tién trinh tim kiém,
m hé s6 wavelet con lai dude to chitc thanh mét tap 6 mang, goi la mang tim kiém, méi
mang 1a té hop cua moét dau (+ hoac -) va kénh mau (R,G,B).

I1.4. Mot s6 ky thuat dé xuat nham cai tién thuat toan
Cac nhan xét:
(1) Nhan dang bang color shape kha chinh xac nhung khoi lugng tinh toan gap
nhiéu lan nhan dang bang histogram.
(2) Mot dic diém quan trong cia nhan dang bang histogram nhu da néi la khong
bo s6t. Néu anh dit liéu giong anh truy van sé chiac chan c6 trong két qua.
Két luan: Néu dung histogram dé nhan dang tho thi sé cho phép thu hep khong
gian tim kiém rat nhiéu. Trén két qua cua tim kiém bang histogram sé thuc hién tim
kiém biang Color Shape hoiac Wavelet.
Nhu vay qua trinh thuc hién tim kiém dude thuc hién theo mé hinh phan cap nhu sau:
Bude 1. Tim kiém thé: ap dung cac budce
1) Tim kiém bang histogram téng thé ctiia anh
2) Sap xép két qua theo d6 giong nhau.

Budc 2. Tim kiém chinh xac: ap dung cac phudng phap
1) Thuat toan nhan dang dua trén color shape
2) So sanh nhan dua trén cac hé so wavelet.

Trén cd s6 md hinh nay chdng ta c6 thé tong hgp thanh quy trinh tim kiém anh
dya trén hai bude. Chi tiét cua thuat toan sé duge md ta trong muec I11.
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I11. MO TA THUAT TOAN TONG THE TiCH HQP VOI CAC CAI TIEN DE XUAT
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Hinh 3: Qué trinh tach dac trung wavelet cia anh
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Hinh 4: Qua trinh tinh dac trung vé méau séc: Histogram va

ColorShape

Quy trinh tach dac trung trong
hai giai doan tao co sd di liéu va
trude khi truy van 1a nhu nhau. Dic
trung st dung bao gém dac trung vé
mau sédc, va biéu dién da phan giai st
dung bién déi wavelet (Xem hinh 2).
Hinh 3 minh hoa qua trinh tach dac
trung wavelet va hinh 4 minh hoa
qua trinh tach dac trung vé mau sic
ching téi da su dung.

DPic trung vé histogram tong
thé c6 thé dude di qua mot bude loc
nhiéu dé tang do chinh xac khi nhan
dang. Cac dac trung nhan dang dude
thiét ké& thanh 16p. Maéi 16p bao gom
cac thuoc tinh la gia tri cac dac trung,
cac ham dé tach diac trung tir anh va
ham dé so sanh hai anh. Pic trung vé
mau sdc bao gdom histogram va
colorshape histogram dudc luu tri va
xi ly trong 16p CSH. Cach tinh
histogram theo ludi khong st dung dé
nhan dang vi khéi lugng tinh toan 16n
va khi luu trit trong co sd dit liéu sé
rit tén khong gian. Céac hé sé bién déi
wavelet va trung binh mau duge luu
va xu ly trong 16p CWavelet. Dac
trung anh dude luu tri trong tép
CSDL. Trong phan mém, ching téi su
dung thu nghiém co s6 di liéu dac
trung anh trén SQL Server. anh dau
vao duge tach 14y dic trung va dac
trung nay sé st dung dé tim kiém.
Dic trung vé mau sic nhu histogram
tébng thé va colorshape dude nhan
dang bang cach khéi phuc ting véc to
dic trung cia méi anh trong cd sd di

liéu va so sanh véi véc td dic trung cua anh truy viAn. Néu két qua so sanh 16n hon
ngudng (ching téi thi nghiém vaéi gia tri mic dinh 60%) thi sé gitt lai trong tap két qua.

Tap chi Khoa hoc PHQGHN, KHTN & CN, T.XX, s6'2. 2004
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Cac anh trong cd sd dit liéu dude so sanh vdi anh truy van va két qua dude sap xép theo
thit tu giam dan. Nhing anh c6 két qua 1én hon ngudng hoac n anh cé6 két qua cao nhat
dude cho vao tap tim thay. Viéc truy van tuy thudc vao lua chon cd ché tim kiém cua
nguoi st dung. Cé thé chon dé thuc hién tim kiém phan cdp theo hai bude: tim ki€m tho
va tim kiém chinh xac. Cac ngudng cang duge dé cho ngudi st dung lua chon phu cho
phu hgp vdi loai di liéu. Gia tri cac ngudng trong khoang tir 50-90%. Chucong trinh
phan mém duge xay dung trén VC6.0, cac thi nghiém duge tién hanh trén may tinh
Pentium III, toc d6 700 Mhz, RAM 256 MB. Co sd dit lidu anh (3000 anh) duge su dung
tit www.ece.gatech.edu /users/gt0371a/link.html va cac anh tai vé tu Internet ti cac
Website vnexpress.net va www.vnn.vn .Cac thi nghiém cho thay:

+ Néu anh c¢6 trong cd sé dit liéu thi chic chin tim thay bang cach sit dung bat ky
dac trung nao.
+ V6i mot anh thu nhoé cing c6 thé st dung dé tim thay anh that trong co sd dit liéu.

‘ T e + Téc d6 tim kiém 1a
chiap nhan duge néu so sanh
v6i cac phan mém mién phi
ma ching to1 c¢6 dude
[1,3,7])(v61 CSDL la 400 anh,
trung binh thdi gian tim
kiém la 2.125 giay, 1000 anh
~ 5.235 giay, 2000 anh
11.234 giay).

IV. KET LUAN

Xay dung qua trinh tim
kiém anh theo néi dung theo
hai budc: tim kiém thé va tim
kiem chinh xac lam tang
dang ké toc d6 tim kiém anh.
Vi ban chat thuc hién theo
thuat toan nhan dang phan cidp hai bude nén chi c6 thoi gian tim kiém tho la tuyén
tinh theo kich thudc cd s¢ di liéu. Con nhan dang chinh xac phu thudc vao két qua tim
kiém tho. Cac cai dat thu nghiém cho thay véi mé hinh tim kiém nay ching ta c6 thé ap
dung cac phat trién trén cd sd xdy dung cac giai thuat khac nhu st dung cac dac trung
Entropy, Color Correlogram. Hién tai hudng nghién ciu tiép theo cua chung toi tap
trung vao sip xép anh theo chi s§ va cac giai thuét st dung diac trung vé két cau anh
(texture) c6 nhiéu tinh chat tét cho viéc phan 16p anh va so sanh anh. Ngoai ra ng
dung cua mé hinh phéan cip hai bude nay véi cac giai thuat thich hgp trong nhan dang
theo n‘Si dung cua anh y hoc DICOM [8], cac anh chup thién tai, chup vé tinh ciing dang
dudce nghién ciu thu nghiém.

Hinh 5: Giao dién cda chuong trinh
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DEVELOPING ALGORITHM AND SOFTWARE ARCHITECTURE FOR
MULTI FEATURE-BASED IMAGE SEARCHING

Huynh Quyet Thang
Faculty of Information Technology
Hanoi University of Technology

Content-based image retrieval, which provides convenient ways to retrieve
images from large image databases, has been studied actively. We presented a software
architecture which performs imagepresentatiop by the main featrures: color, histogram
and colorshape. An algorithm to measuresimilarity of two image features base on the
wavelet transform of the Histogram and Colorshape features and implementation
results also presented.

Keyword: content-based image retriveval, wavelet transformation, image
feature, image shape, histogram
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