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TOM TAT

Trong bai b4o nay, mot cai tién thuat toan K-Means duoc dé xuat nham phan cum di
liéu va ap dung cho bai toan tim kiém anh twong tu theo noi dung. Bé thuc hién duoc diéu
nay, ching toi str dung mét gia tri ngudng do do twong tu gitta cac ddi twong dir lidu, ngudng
nay duoc ki hiéu 1a 6. Trén co so ngudng 6, thuit todn K-Means duoc cai tién bang cach
khong xac dinh trudc sb thm cum, s6 cum dit liéu ting truong theo su gia ting cua sb lugng
hinh anh. Dic trung cua hinh anh dugc trich xuét dudi dang mét véc-to cé n chiéu va 1a di
liéu dau vao cho thuat toan K-Means di duoc cai tién dé tir d6 tim kiém céc hinh anh tuong
tu. Nhdm minh chtng cho cac dé xuét, chdng t6i thuc nghiém va danh gia két qua trén tap dix
lieu anh COREL (c6 1000 anh) ddng thoi so sanh véi cac cong trinh khac da dugc céng bd
gan day trén cung bo dit liéu. Theo nhu két qua thuc nghiém, nhitng dé xuit cua ching toi la
kha thi va cé thé ang dung cho cac hé thdng tim kiém anh khac nhau.

Tor khod: Phan cum, K-Means, d6 do tuwong tu, anh twong tu.

1. GIOI THIEU

Trong nhing ndm gan day, nhiéu hé théng tim kiém da dugc cong bd nham giai quyét
bai toan tim kiém anh twong tu trong céc co s¢ dit licu da phuong ti¢n. Co nhiéu linh vic
khéc nhau &p dung k¥ thuat tim kiém anh nhu y té, thoi trang, hé théng giam sat ddi tugng,
hé thong thong tin dia 1y, thu vién sb... [1, 2], nhidu hé thng tra ciru anh dua trén noi dung
CBIR (Content-Based Image Retrieval) da dugc giéi thiéu [3, 4].

Mot s6 cong trinh tim kiém anh da dwoc cong bd nhu: tim kiém anh dya trén thuat toan
K-Means [5], tim kiém anh dya trén hinh dang, mau sac, cau triic, ddi twong dic trung [6, 7].
Céc cong trinh da khao sat tap trung vao ky thuat trich xuat dic trung, k¥ thuat dbi sanh va
tim kiém duya trén cac dic trung... nén cac phuong phap nay rat ton kém nhiéu chi phi vé
thoi gian va b nho dé dbi sanh hai ddi tugng hinh anh, can c6 mot phuong phap tra ciu
hinh anh twong tu duya trén mot dir liu trung gian dé tir d6 truy hoi hinh anh. Mat khéc, viéc
tim kiém dir liéu trung gian can st dung cac phuong phap khai pha dir liéu dé tim ra tap di
liéu dai dién cho hinh anh. Trong d6, phuong phap phan cum la mét trong nhirng ky thuat
quan trong trong khai thac dit liéu va da duoc (ng dung trong nhiéu hé thong tim kiém anh
da duoc phat trién cho cac co so dit lidu Ion, mot thuat toan tidu biéu trong phan cum phan
hoach la K-Means [8].

Tuy nhién, két qua phan cum thu duoc tir thuat toan K-Means phu thudc nhiéu vao
viéc khoi tao sé luong cum ban dau, diéu nay anh huong dén do chinh xé&c cua qué trinh
phan cum, nghia 1a phu thudc vao sé lwong tdm cum da dwoc chon ban dau. Ngoai ra, néu
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bd sung phan tir mai vao cum thi thuat toan K-Means can phai dugc xac dinh lai tim cum
méi, diéu nay 1am cho ton nhiéu chi phi trong qua trinh thyc thi. Bén canh do, néu dir liéu
tang truong ngay cang lon thi viéc xac dinh trudc s6 rong tm cum ban dau la khong phu
hop béi vi ¢6 thé dan dén hai phan tir trong ciing mot cum ¢ khoang cach khé 1on [9]. Do
do, trong bai bao nay, nhom tac gia di cai tién thuat toan K-Means va ap dung cho bai toan
tim kiém anh twong ty theo ndi dung. Trong cai tién nay, sb lwong thm cum khéng can phai
xéc dinh truée ma ting dan khi thoa mot didu kién cho truéc va theo su ting trueéng cua bo
dix liéu.

Trong bai bao nay, ching t6i st dung mét gia tri ngudng 6 dé danh gia do tuong tu
gilta cac d6i tuong dir lieu. Thuat toan K-Means dugc cai tién bang cach khong can xac dinh
trugc sb tm cum va sé cum dir liéu ting truong theo sy gia tang cua so lugng hinh anh.
Trén co so nay, ching toi 4p dung thuat todn K-Means cai tién dé phan cum cac dit liéu cua
hinh anh dé thuc hién bai toan tim kiém anh tuong tu theo noi dung. Ngoai ra, ching t6i dé
xuit mé hinh thyc nghiém va xay dung @ng dung thyc nghiém trén bo anh COREL dé danh
gi4 d6 chinh xac va tinh kha thi cho nhirng dé xuét.

DPong gop cua bai bao bao gom: (1) Xay dung mot phuong phap gom cum cai tién dua
trén K-Means nham tao ra mot mé hinh phan loai dit liéu ciing nhu gitp qua trinh tim kiém
duogc hiéu qua vé tde do va do chinh xac; (2) Xay dung md hinh tim kiém anh twong tu theo
noi dung dwa trén thuat toan K-Means cai tién; (3) Xay dung md hinh thuc nghiém va thuc
thi trén mot bo dit liéu phé dung nham minh ching tinh dung dén cua ly thuyét dé xuét.

2. CAC CONG TRINH LIEN QUAN

Nhiéu «cong trinh sir dung phuong phap gom cum dya trén K-Means nham thyc hién bai
toan tim kiém anh da dwoc cong b gan day nhu: St dung thuat toan K-Means két hop phan
I6p SVM (Support Vector Machine) nham thuc hién tim kiém anh dua trén cac dic trung cap
thap [10], gom cum céc véc-to dic trung dua trén histogram va danh chi muc anh dé thuc
hién tim kiém nhanh tap anh tuong tu [11], phan doan anh va trich xuat dic trung dua trén
viing sir dung gia tri ky vong va d6 léch chuan cua khdng gian mau RGB nham phan cum va
tra cau hinh anh tuong ty [12], ph&n cum cac véc-to dac trung dua trén K-Medoids va tim
kiém tuyén tinh cuc bo dua trén wng vién lan can gan nhat [13], sir dung k¥ thuat phan cum
K-Means dé truy xuat hinh anh dya trén noi dung [14], phan cum dya trén dac trung cua hinh
anh bang bang bam két hop voi phuong phap giam s6 chiéu PCA [15], 1ap chi muc anh va
phan cum bang K-Means dua trén dic trung cap thap trong khdng gian RGB véi khoang
cach Euclid [16] ..

Theo H.K.Maur va cong su (2019) da tiép can thuat toan K-Means nham phan cum céc
hinh anh duya trén dic trung cap thap gém: mau sac, hinh dang va cau trac. Trén co s& phan
cum, nhém tac gia ap dung phuong phap phan 16p SVM dé phan loai timg nhém ddi twong
hinh anh, tir d6 thyc hién tra ciu anh. Theo thuc nghiém, phuong phap dé xuét cua tac gia da
giai quyét hiéu qua cho bai toan tra ctru anh trén nhiéu bo dit liéu khac nhau. Tuy nhién, viéc
phan cum cua nhoém tac gia con phu thudc vao sé tam cum ban dau va néu nhu dir liéu ting
truong thi viéc phan cum mét nhiéu chi phi thoi gian. Do d6, can phai c6 mot phuong phap
pht hop cho bo dir lidu tang truong dé khdng tai cau tric cac cum nham giam chi phi thoi
gian [10].

Theo Juli Rejito va cong su (2017) da thuc hién mot hé truy van anh dua trén thuat toan
K-Means bang cach phan cum céc dic trung dudi dang histogram; sau do, nhém tac gia thyuc
hién tao dinh danh cho tap hinh anh nhim tra cru nhanh tap anh két qua. Két qua thuc
nghiém ciia bai bao da dat dwoc do chinh xéac 0,68, didu d6 cho thdy phuong phap ap dung
cua nhom tac gia 1a hiéu qua va kha thi cho viéc &p dung trong céc hé thong tim kiém anh.
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Tuy nhién, viéc phan cum trén cac dic trung dya vao K-Means s& ton thoi gian xac dinh tam
cum, ciing nhu s6 cum ban dau. Bong thoi, khi dit liéu tang truong sé ton chi phi phan cum
lai va dinh danh céc hinh anh theo tirng cum [11].

Mohamed Ouhda va cong su (2018) sir dung ki thuat K-Means dé phan cum cac dic
trung dya trén ving cua hinh anh. Pic trung nay duoc trich xuit trén timg ving ddi tuong
theo vi tri va mau sic trong khong gian RGB dé tir d6 thuc hién bai toan tra citu anh theo noi
dung. Theo nhu két qua cia nhém tac gia, phuong phap dé& xuat thuc nghiém hiéu qua trén
nhiéu bo anh khac nhau va c6 d6 chinh xac cao. Tuy nhién, phuong phap nay ton chi phi
trong viéc phan cum [12].

Wei Zhang va cong su (2016) trinh bay md hinh K-Medoids dé thay thé K-Means trong
viéc phan cum dir lidu. Sau d6, mot phuong phap tim kiém tuyén tinh cuc bo dua trén @ng
vién 1an can gan nhét duoc thuc hién cho mot truy van. Két qua phuong phap nay 1a mot
lang giéng bang cach xép hang cac Ian can voi khoang céch Euclide ciia cac véc-to dic trung
ban dau. Két qua thir nghiém trén b6 anh CIFAR-10 cho thay phuong phap dwoc dé xuit 1a
hi¢u qua va cai thién dang ké do chinh xac cua viéc tim kiém. Tuy nhién, vi¢c phan cum trén
K-Medoids yéu ciu dwa vao sb lugng cum k s& tdn kém thoi gian xac dinh tm cum khi dit
liéu anh tang tudng [13].

Mostafa G. Saeed va cong su (2017) dé xuit mot phuong phap xdy dung véc-to dic
trung dé mod ta mot hinh anh. Pic trung nay gém 140 thanh phan duoc liy dua trén
histogram mau, moment mau, bd loc Gabor va cac dic trung cap thip vé& ciu tric bé mat
anh... Trén co so thuat toan K-Means, nhém tac gia thuc hién phan cum hinh anh dua vao
khoang céach Euclide. Thuc nghiém duoc thuc thi trén bo dix liéu IMPLIcity ¢6 1000 hinh
anh mau va danh gia trén 5 hinh anh ngau nhién. Tuy nhién, viéc thir nghiém nay chi kiém
tra trén bo dir liéu nho nén khoéng danh gia dugc hiéu qua trong cac bo dix liéu I6n. Ngoai ra,
viéc phan cum trén céc véc-to dic trung dua vao K-Means s& ton chi phi khi x4c dinh lai tam
cum khi dir liéu tang trudng [14].

Tongtong Yuan va cong su (2019) dé xuat mot phuong phap bam thich ang nham giam
s6 chiéu cho véc-to dic trung ciia hinh anh dé thuc hién tim kiém anh twong ty. Trong céach
tiép can nay, véc-to dic trung duoc loai bo cac gia tri du thira nhung van dam bao dic tinh
cia ddi twong hinh anh dé tir d6 giam chi phi trong qué trinh tim kiém anh. Tuy nhién,
phuong phap nay ton chi phi trong viéc phan cum vi phai xac dinh lai tam [15]

Bang cach sir dung thuat toan phan cum K-Means, Annrose va cong su (2016) da dé
Xuat phuong phap 1ap chi muc anh da trén da dic trung dé thyc hién bai toan tim kiém anh.
Nhom tac gia thuc hién phuong phap K-NN két hop K-Means dé tim kiém va ddi sanh dic
trung hinh anh. Tuy nhién, viéc phan cum caa nhém tac gia con phu thudc vao sé tam cum
ban dau va néu nhu dit liéu tang truong thi phai xac dinh lai tam cum [16].

Nhim ting tbc d6 tim kiém cho bai toan tim kiém hinh anh tuong tu, A. K. Jain da
khao sat va mé ta phuong phap gom cum 1a nhom cac ddi tuong theo do do tuong ty cho
trude [17].

Phuong phap gom cum da dwoc (ng dung nhiéu trong bai toan tim kiém anh twong tu
nhu: ¢ng dung thuat toan K-Means va khoang cach Euclide dé gom cum cac dic tinh anh
mau nham phuc vu cho bai toan tim kiém anh [18]. CAc ky thuat da khao sat deu tap trung
Va0 viéc phan cum véi s6 cum cho trudce va tu do két hop v6i mot phuong phéap khéac dé thuc
hign bai toan tra ctru anh. Tuy nhién, néu chon trudc s6 cum thi hai dbi twong co thé khac
nhau nhung c6 thé thuoc vé mot cum, diéu ndy dan dén nhiéu sai s6 khi 4p dung thuat toan
K-Means cho bai toan tim kiém anh. Do d6, thuat toan K-Means can phai duoc cai tién dé c6
thé tang truong sé cum dir liéu dong thoi dam bao 2 phan tir gidng nhau phai thudc vé mot
cum véi mot béan kinh @ cho trude. Bé thuc hién duoc van dé nay, ching tdi st dung mot gia
tri ngudng 6 giita cac dbi twong dir lidu va xay dung mot quy tac phan b cac phan tir trén co
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s thuat toan K-Means. Tir d6, mot thuét toadn cai tién duge dé xuit sao cho khong xéc dinh
trudc $6 tdm cum, s6 cum dir liéu tang truong theo su gia tang cta s6 lugng hinh anh nham
ap dung cho bai toan tim kiém anh.

3. KY THUAT PHAN CUM

3.1. Pac trung hinh anh

Trong bai b4o nay, ching tdi trich xuat dic trung dya trén mau sic, dbi twong va vi tri
tuong dbi cua ddi twong dic trung trén hinh anh. Ddc trung mau sdc duoc sir dung dua trén
gia tri Histogram ctia 6 mau co ban gdm: do (red), xanh luc (green), xanh dwong (blue), vang
(yellow), cam (orange), tim (purple); Dac trung dbi tuong va dac trung vi trf dugc trICh Xuit
dya trén do tuong phan bao gom mau nén va mau dbi twong, ddng thai tinh ty 16 vé dien tich
va chu vi caa dbi twong. Trong Hinh 1, cac dic trung dwoc trich xuat dya trén mau sic va vi
tri trong dbi cua ddi twong dic trung.

) (h)
Hinh 1. Mot vi du vé trich xuét cac ving dic trung trén anh

Hinh 1.a 1a anh géc; Hinh 1.b 1 anh lay theo do twong phan, nghia 1a néu d6 sang cua
diém anh dudi muc nguong thi chuyén thanh mau nén, nguoc lai diém anh do6 lay theo
cuong do xam; Hinh 1.c va Hinh 1.d 1a anh mit na caa dbi tugng va anh nén duoc lay dya
trén do tuong phan; Hinh 1l.e 1a duong bién anh, dugc trich xuat theo phuong phap LoG
(Laplacian-of-Gaussian); Hinh 1.f 1a anh bé mat duoc 13y theo phép loc Sobel; Hinh 1.g va
Hinh 1.h 12 anh d6i tuong va anh nén.

Dic trung ctia mot hinh anh dwoc trich xuat theo: ty 1& dién tich vang, gia tri ky vong
theo truc X, gia tri ky vong theo truc Y, do Iéch theo truc X, do Iéch theo truc Y, chu vi cua
dbi twgng, mau sic chinh cua anh gbc, mau sic chinh cua déi twong va hinh nén. Trén co s&
nay, mot vector dic trung ¢ 44 chidu duoc trich xuat cho mdi anh nhu sau:
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Bang 1. Mot két qua trich xuat dic trung cho Hinh 1 cua bo COREL

Tén dac trung Giatri
Dién tich hinh déi tuong 0,483; 0,483; 0,422; 0,040; 0,043
Dién tich hinh nén 0,516; 0,512; 0,568; 0,041; 0,050
Chu vi déi tuong 0,057; 0,519; 0,366; 0,041; 0,039
Bé mat ddi tuong 0,565; 0,498; 0,516; 0,0406; 0,047
Mau sic ctia anh bé mat dbi tuong 0,001; 0,355; 0,067; 0,260; 0; 0,314
Dic trung mau sic cua anh dbi tuong 0; 0; 0,337; 0,509; 0; 0,152
Dic trung mau sic cta hinh nén 0,001; 0,579; 0; 0,015; 0; 0,403
Pic trung mau sic cua anh gbc 0,001; 0,299; 0,163; 0,254; 0; 0,282

3.2. Ky thuat phan cum
3.2.1. M0 ta ky thugdt phan cum

Trong thuat toan K-Means, ba tham sb can dugc khéi tao ban dau gébm: s lugng cum k,
tdm cum va do do twong tu; Ngoai ra, néu bd sung phan tir méi vao cum thi phai xac dinh lai
tdm cum méi. Tuy nhién, véi mot bo dir liéu bat ky cho trudc, sé luong cac cum rat kho xac
dinh ciing nhu viée ting trudng dit lidu co thé 1am gia ting sé lwong cum, didu nay gay ra ton
kém nhiéu chi phi vé thoi gian va qua trinh thuc thi khi tai tao lai s6 cum.

Trong bai bao nay, chung t6i dé xuat mét cai tién thuat toan K-Means nham phan cum
dir liéu va ting truéng sb cum theo bo dit lieu. Dé thuc hién dwoc didu nay, ching tdi st
dung maot gia tri ngudng do do twong tu gitra cac dbi tuong dit lidu, ngudng nay duoc ki hiéu
la 6. Trén co s& ngudng @, thuat toan K-Means duogc cai tién bang cach khong xac dinh
trudc s6 thm cum, vi vay sé cum dir liéu ting truong theo su gia ting ctia sé luong hinh anh.

R, 14 ban kinh ctia cum m

t, ER

d= (I, 1) — Ry

Hinh 2. Mé ta ky thuat phan cum
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Trong Hinh 2, phuong phap phan cum dua trén K-Means dugc mo ta, trong do:
I;, R;, t; 1an luot 12 tm, ban kinh, hé s6 dan né ban kinh cua cum C;.
Goi L = {vy,v,,...,v,} 12 'Eaflp véc-to anh ban dau
— Buwéc 1: Tao cum C; dautién: R, =0 val, = v,
—Buwéc 2: Xétv;, ELVGii=2,..,n
Tim cum C; théa ¢(v;, I;) — R, = min{d)(vi,lj) — Rj] véij=1,.. .k
(trong do k 1a so lugng cum da tao)
d = o I;) — R,
Néu (d < 0) thi
C: = C¢ U {v;}; //Thém v; vao cum C;
Néu ¢(v;,I,) > R, thi
R; = ¢(v;, I); // Cap nhat ban kinh cum C;
Nguoc lai /Tao cum méi C, €6 tam la v;

Ik=1]i;
Rk=9’
Q=QU Cy;

3.2.2. Thugt toan phan cum

Theo phuong phap d& xuit nhu trén, thuat todn gom cum anh duoc cai tién tir K-Means
dugc mo ta nhu sau:

Thuat toan CTIR
Pau vao: Ngudng tuong tu 6 va L (tap véc-to anh ban dau)
PAu ra; Tap cac cum Q
Function Clustering_theta(o, L)
Begin
Khéi tao Q = ;
Foreach (v;) € L do
If (= @) then //Tao cum dau tién C;

L =vy;
Ry =6;
Q={C};

Else
Tim cum C; € Q thoa ¢(v;,I,) — R, = min{¢(v;, ;) — R;}
V6ij =1,..,k (trong dé k 1a s6 luong cum da duoc tao)
d = o I) — R,
If (d <6)then
C; = C; U {v;}; //Thém v; vao cum C;
If o(v;, I;) > R; then
R; = ¢(v;, I); // Cép nhét ban kinh cum C;
Endlf;
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Else //Tao cum mai Cy, c6 tam la v;

L = v;;
R, =0,
Q=QU Cy;
EndlIf;
EndIf;
EndFor;
Return Q;

End.

Ménh dé 1. Thuat toan CTIR c6 do phuc tap O(n * m), v6i n, m 1an luot 12 bo dir lidu
va s6 cum tao ra.

Chiing minh: Gia sir ¢6 n phan tir trong bd dit liéu dwoc phan thanh m cum. Thuat
toan can phai duyét qua n phan tu dir lidu, véi mdi phan tir can phai duyét qua m cum dé
phan bé dit lidu. Trong truong hop xau nhét, thuat toan CTIR cd s6 lan duyét 1a n + m dé
phan b cac phan tir vao cac cum. Khi s6 phan tu dit liéu Ion, gia tri n va m rat 16n thi do
phuc tap cua thuat toan CTIR 1a O(n * m)

3.3. Thuat toan tim kiém anh

Trén co so tap cac cum Q da dugc phan hoach theo thuat todn CTIR, qué trinh tim
kiém anh duoc thuc hién bang cach chon ra cum Cp c6 tam gan nhét véi anh tra ctu. Tuy
nhién, ching t6i chon thém cac cum lang giéng cia Cr, dua trén do do giira cc tm cum dé
tang s lugng két qua anh tra ctru. Khi do cac bude thuat toan tim kiém anh nhu sau:

— Budc 1: Tim cum Cy, ¢6 tm gan véi véc-to anh tra ciu nhét.
— Bwéc 2: Tim h cum lang giéng véi cum Cr. Tap ¥ chta h cum lang giéng va
cum Cp,
— Budc 3: Tim tap £ chira tat ca cac véc-to trong ¥.
— Buéc 4: Sap xép £ ting dan theo do do.
Thuét toan SEIR:
— Pau vao: véc-to dic trung p (anh tim kiém), tap cum Q va ngudng tim kiém o.
— Pau ra: tap ¥ chira cac id (dinh danh) cta cac anh twong tu vSi anh tim kiém.
Function ClusterRetrieval(p, Q, o)
Begin
Khéi tao ¥ = &,
Timcecum Cc €eQ: ¢ (p,vik) =min{ ¢ (p,vi), i=1, ..., m};
(v6i m 1a sb Twong cum, v; 1a véc-to tam caa cum C;)

/ITim h cum lang giéng vai Ck
Sép xép Q tang dan theo ¢ ( vy Vk ) - (C.R+Ck.R)

(v6i C, Ve 1a cum va tdm cua cum tha t, t=1, ..., m)
Khai tao £=0;
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If (¢ (vi,vk) - (Ci.R + Ck.R)<0) then
£= £UC; véi i=0,.m-1.
EndIf
Sép xép tap £theo ¢ (1,p ) véi VIE £
Tao tap dinh danh hinh anh ¥ theo thu tu sip xép cua tap £.
Return V¥ ;
End.

Ménh dé 2. Thuat toan SEIR ¢ do phirc tap 0 (m*2), véi m 14 sé cum tao ra.

Chirng minh: Gia st tap cum dau vao cho thudt toan SEIR c6 m cum, khi d6 thujt toan
thuc hién viéc tim cum gan nhit d6i véi anh dau vao. Qua trinh tim kiém nay can duyét qua
tung cum, nghia la so Ian so sénh 1a m tuong ung vé6i m cum. Sau khi thyc hi¢n tim cum gan
nhét véi anh lang giéng, thuat toan SEIR tim cac cum lan can bang cach sip Xep lai tap cum
theo do tuong tu cia cum di tim duoc, sé phép toan t6i da trong viéc sap xép nay Ia
O(m"Z) Sau khi thuc hién tim kiém cac cum Iang giéng, thuat toan thuc hién viéc sap Xép
céc hinh anh theo d6 do twong tu voi anh dau vao (tuy nhién viéc sdp xép nay co the xa 1y
bén ngoai thudr todn nén do phirc tap thudt todn SEIR cd thé khong bao gom viéc sap xép
cac hinh anh theo do do twong tir). Vi vay, do phuc tap cua thuat toan SEIR la 0(m”2).

4, MO HINH TiM KIEM ANH

4.1. M6 ta mo hinh

Giai doan 1: Tién xir Iy

Tap dif
liéu anh

Tap véc-tdg dic trung Thurc hién gom cum {
(dd chudn héa)

Giai doan 2: Tim kiém inh twong tw
Anh truy van Véc-td dic trung Thutc hign tim kigm Ainh tuding by
(dd chudn héa)

Hinh 3. M hinh caa hé thong tim kiém anh

Trong Hinh 3 md ta 2 giai doan duoc xir ly bao gom: tién xir 1y dé tao dix liéu cum va
tim kiém tap anh tuong tu.

4.1.1. Tienxir ly

— Bwérc 1: tao véc-to dic trung thi giac cho mai hinh anh trong tap di liéu anh.
— Budc 2: gom cum céc véc-to theo do do tuong ty dua trén thuat toan da dé xuat.
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4.1.2. Tim kiém dnh twong tir
— Buéc 1: tir mot anh truy van, tao véc-to dic trung cho anh nay.
— Buéc 2: thyc hién tim kiém mét cum gan nhét vai anh truy van.
— Budc 3: két xuat cac anh két qua sip xép theo do do twong tir Vi anh truy van.

4.2. Vi du thuc nghiém

Gia str, bo dir liéu anh ban dau gom 17 anh biéu din bang tap L gém 17 véc-to dic trung.
Chuing t6i tién hanh phan cum bang thuat toan cai tién tir K-Means véi ngudng 6 = 0,2. Két qua

sau khi phan cum: s6 cum thu dwoc 13 4 cum nhu Hinh 4.

7 listED.tt - Notepad

File Edit Format View Help
1(10503052)
2(05 03107)
3(06032106)

4 (042 034 09 0.68 )
5(076 03 0405)

6 ( 0.610410210.72)
7( 067 09 0.89 0.77 )
8 ( 0610420250.72)

9 (034033 0.44 0.8 )
10 (06 040207)

11 (07076 09 02)
12 ({04050201)
13 (0908 03 04)
14 (0.51 0.84 0.81 0.73)

15 ( 0.8 0.34 0.56 0.55 )
16 (0.310.3 0.450.381)

17 ( 0.5 0.85 0.8 0.75 )

| listEDChildD.txt - Notepad

File Edit Format View Help
1(10.50.30.32)

5(0.76 0.3 0.4 0.3)

6(0.61 0.41 0.21 0.72)

8(0.61 0.420.250.72)
12(0405020.1)
13(0.9080304)

15 (0.8 0.34 0.56 0.55)

) tist ild1.tet - Motepa
listEDChild1 Motepad

File Edit Format View Help
2(05603107)
3(06032106)
4(0420340.90.68)

| listEDChild2.bxt - Notepad

File Edit Format View Help
7(0.67 0.9 0.89 0.77)
11(0.70.76 0.9 0.2)

14 (0.51 0.84 0.81 0.73)

17 (0.5 0.85 0.8 0.73)

| listEDChild3.tt - Notepad

Eile Edit Format View Help
9(0.340.33044038)
10(0604020.7)

16 (0.31 0.3 0.45 0.81)

Hinh 4. Tap véc-to dic trung cua 17 anh va két qua phan cum tir tap véc-to dic trung ban dau

5. THUC NGHIEM
5.1. Méi truong thuc nghiém

Thuc nghiém gom: (1) Giai doan tién xir Iy nham tao ra tap véc-to dic trung cho tap di
liéu hinh anh; (2) gom cum tap cac véc-to dua trén thuat toan da duoc dé xuat; (3) tim kiém
anh tuong tu Vi mot anh cho trudc. Tat ca cac wng dung thuc nghiém dwoc xay dung trén
nén tang dotNET Framework 4.5, ngdn ngir lap trinh C#. Cac dd thi duoc xay dung trén
Mathlab 2015. Cau hinh may tinh thuc nghiém: Core i3-7100U CPU @2.40GHz,8.0 GB
RAM, hé diéu hanh Windows 10 Pro 64 bit.

5.2. Ung dung thuc nghiém

Trong bai b4o nay, ching tdi tién hanh thuc nghiém trén bo anh COREL c6 1000 anh,
kich thudc 30.3 MB dugc chia thanh 10 cha dé: beach, bus, castle, dinosaur, elephant,
flower, horse, meal, mountain, peoples. Hé thong gidp truy van anh, véi mdi hinh anh truy
van s& dugc trich loc trén tap dir lieu anh COREL va tim ra cac hinh anh c6 d6 twong tu
nhiéu nhat véi hinh anh truy van nhu Hinh 5.
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Hinh 5. Mot két qua mau vé truy van anh twong tur
5.3. Két qua thuc nghiém

Mdi dudng cong trén db thi (hinh 6) md ta két qua truy van do chinh xac (precision) va
d6 phu (recall) twong trng véi ting tap di liéu anh theo phén 16p trong bé dir liéu COREL.
Dong thoi, dudng cong tuong tng trong do thi ROC cho biét ty Ié két qua truy van ding va
sai, nghia la dién tich du¢i duong cong nay danh gia dugc tinh dung dan cua cac két qua truy
van.

Precision-Recall on COREL dataset roc curve "
=N =———rk T % 7
= WV\z
¥
X Kxye g
Hg, 9
08 g
o 3]
= 2 baseline
0.75 T 8 beach
= Q. bLlS
0.7 g
= castle
® — ¥ —dinosaur
.65 —+&— elephant
[ b flower
0.6 0.2 ’ — -—horse
| | — & —meal
0.55 il 0.1 —<— mountain
3 peoples
05 \ . i i o i i i
0 02 04 06 08 1 0 02 04 06 08 1
recall false positive rate

Hinh 6. Precision-Recall va duong cong ROC trén tap anh COREL
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Db thi mé ta hidu sudt truy van trén cac phan 16p ctia bd anh COREL

0.8

==@==gve. Precision
08 —8—Ave Recall

AeF-measure

0.4

0

Beach  Bus  Castle Dinosaur Elephant Flower Horse  Meal Mountain People

Hinh 7. Gia tri trung binh cta Precision, Recall, F-measure cua tap dit liéu COREL

Théi gian truy vin trung binh (theo milli gidy) trén by anh COREL

Beach  Bus  Castle Dinosaur Elephant Flower Horse Meal Mountain People

Hinh 8. Thoi gian truy vén trung binh (milliseconds) trén bo anh COREL

Cac gia tri vé hiéu suat, thoi gian tim kiém theo ting chu dé va danh gia so sanh ciing
duoc trinh bay cu thé trong Bang 2, 3 va 4. Theo nhu két qua thuc nghiém trong cac bang
nay, phuong phap dé xuat cia chlng tdi cho bai toan tim kiém anh twong tu 1a hiéu qua voéi
d6 chinh xac trung binh la 71,70%.

Bang 2. Bang md ta hiéu suit truy van trén cac phan 16p cua bo anh COREL

Phan 16p anh Ave. Precision Ave.Recall Ave.F-measure
Beach 0,618961457 0,48 0,540695031
Bus 0,782222222 0,7392 0,760102828
Castle 0,616233333 0,5282 0,568830769
Dinosaur 0,9944509 0,902225 0,946095707
Elephant 0,541933333 0,4434 0,48774
Flower 0,748883333 0,6419 0,691276923
Horse 0,871888889 0,7847 0,826
Meal 0,662222222 0,596 0,627368421
Mountain 0,584888889 0,5264 0,554105263
People 0,748444444 0,6736 0,709052632
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Bang 3. Bang mo ta thoi gian truy van trung binh trén bo anh COREL

Phan Igp anh Ave.time (milliseconds)
Beach 1,540088
Bus 1,640091
Castle 1,800112
Dinosaur 0,380025
Elephant 1,330072
Flower 1,7301
Horse 1,620093
Meal 1,490086
Mountain 1,8481034
People 1,670093

Bang 4. Gid tri hiéu suat, thoi gian truy van trung binh trén bo anh COREL

Ave. Precision Ave.Recall Ave.F-measure Ave.Time (milliseconds)
0,717012902 | 0,6315625 0,671126757 1,50488634

Két qua thuc nghiém cho thdy, thuat todn CTIR thuc hién gom cum theo ngudng 6 di
xay dung duoc chuong trinh tim kiém anh hiéu qua, nghia 1a thoi gian tim kiém nhanh va cé
d6 chinh xac cao. D& minh ching cho mé hinh truy van anh dwoc dé xut I1a hiéu qua, ching
t6i so sanh két qua thuc nghiém véi mot sb cong trinh gan day trén cung bo dir lidu trong
Bang 5.

Bang 5. So sanh hiéu suét truy van giita cac phuong phap trén bo dit liéu COREL

Phuong phap Ave. Precision
A. Huneiti, 2015 [3] 55,88%
Bella M. I. T., 2019 [4] 60,90%
Phuong phap dé xuat 71,70%

Két qua thuc nghiém cho thiy, phuong phap ciia ching t6i dé& xuat co do chinh xéac
trung binh 1a 71,7% va thoi gian tim kiém trung binh 1a 1,5 milli gidy. So sanh két qua nay
VGi cac phuong phap khac trén cing mot bo dir liéu mau thi thiy phuong phép tra ciru anh
ctia chung toi dé xuét c6 do chinh xac cao hon hai phuong phap: A. Huneiti (2015) v6i do
chinh xac la 55,88% [3] va Bella M.L.T (2019) véi d6 chinh xéc la 60,90% [4]. Thuat toan
K-Means duoc cai tién bang cach khong xac dinh trudc sé thm cum, vi vay khi ting sb lwong
phan tir anh thi s6 cum s& tang truong theo thay vi phai gom cum lai tir dau nhu thuat toan
K-Means, giup giam thoi gian cua qua trinh gom cum. Tuy nhién, khi Xuat hién cac cum cé
qua nhiéu phan tu s& anh huong den d6 chinh xac trong qua trinh truy van. Chang han, phan
I6p Elephant c6 d6 chinh xac truy van twong dbi thap (48,77%).

6. KET LUAN VA HUONG PHAT TRIEN

~ Bai bao da dé xuat mét cai tién thust toan K-Means thyc hign gom cum nhim ting hi¢u
suat tim kiém anh tuong tu. Trén co s& ly thuyét da dugc dé xuat, nhdm tac gia xay dung hé
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truy van anh theo noi dung. Két qua thyc nghiém trén bo dit liéu anh COREL dugc danh gia
va so sanh véi céc cong trinh khac trén cung mét tap dir liéu anh da cho théy phuong phéap dé
xuit 1a hiéu qua. Trén co s¢ ngudng 6, thuat toan K-Means duoc cai tién bang cach khong
xéc dinh trudc s6 tm cum. Vi vay, s6 cum dir liéu tang truong theo su gia ting cua s6 lwong
hinh 4anh da giam duoc dang ké thoi gian caa qua trinh gom cum so véi thuat todn K-Means.
Tuy nhién, viéc ndy dan dén xuit hién cac cum c6 quéa nhiéu phan tir, anh huéng dén do
chinh xac cua hé théng. Huéng phét trién tiép theo cua nghién ctu 1a xay dung thuat tach
cum Ién thanh 2 cum nhé nhim dam bao cac phan tir trong cing mot cum phai tuong tu
nhau.

Loi cam on: Nhom tac gia chan thanh cam on Truong Pai hoc Su pham TP. HCM, Truong
Dai hoc Cong nghiép Thuc pham TP. HCM Ia nhiing noi bao tro cho nghién ciru ndy. Chiing
t6i trén trong cam on nhom nghién ciru SBIR-HCM di hd tro vé chuyén mén gilip chidng toi
hoan thanh bai nghién ctu nay.
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ABSTRACT

A METHOD OF CLUSTERING FOR CONTENT-BASED IMAGE RETRIEVAL

Nguyen Thi Thuy Trang, Tran Nhu Y,

Huynh Thi Chau Lan, Phan Thi Ngoc Mai*
Ho Chi Minh City University of Food Industry
*Email: maiptn@hufi.edu.vn

In this paper, an improvement in K-Means algorithm was proposed to cluster and

applied to the problem of searching similar images by content. To accomplish this, we used a
threshold value that measured the similarity between data objects, which is called as 6.
K-Means algorithm was improved by not pre-determining the number of cluster centers, the
number of data clusters grow with the increase in the number of images. The image was
extracted as a n-dimensional vector and was an input for the improved K-Means algorithm
from which to search for similar images. In order to demonstrate the proposals, we
experimented and evaluated the results on the COREL image data set (1000 images) and
compared to other recently published works on the same dataset. According to the
experimental results, our proposals are feasible and applicable to different image retrieval
systems.

Keywords: Cluster, K-Means, similarity measure, similar images, image retrieval.
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