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TOM TAT

Trong bai bao nay, mot tiép can phan 16p di liéu dugc thuc hién nham ap dung cho bai
toan tim kiém anh tuong tu qua dic trung thi giac tai tir BoVW (Bag of Visual Words). Phuong
phap phan 16p dwoc thyc hién dia trén thuat toan k-NN (k-Nearest Neighbor) véi dit liéu dau
vao 12 mot véc-to dic trung cta hinh anh. Tir mot tap dit liéu anh ban dau, chung toi xay dung
mot cau tric thi tir thi giac luu trir cac hinh anh c6 dic trung tuong dong theo ndi dung. Dya
trén viéc phan 16p mot hinh anh dau vao theo phuwong phap k-NN, mét tap cc hinh anh dwoc
trich xudt tir cAu tric thi tir thi gidc. Trong phuwong phap k-NN, ngoai k phan tir lang giéng gan
nhét thi mot ban kinh dwoc st dung dé thong ké cac phan 16p ctia hinh anh. M&i mét tai tir
chtra nhiéu hinh anh twong dong vé noi dung va c6 nhiéu phan 16p ngit nghia khac nhau; dong
thoi, mdi tai tir lién két dén cac thi tir khac qua phéan 16p ngir nghia dai dién. Thuc nghiém
dugc xay dung trén bd anh COREL (1.000 anh) nham dénh gia do chinh xac dong thoi so sanh
VGi cac cong trinh khéc trén cting b dir liéu. Theo két qua thuc nghiém, nhitng dé xuat ciia nhom
tac gia Ia hiéu qua va co6 thé ap dung trong cac hé thong da phuong tién khac nhau.

Tur khéa: K-NN, phéan 16p, tai tir, anh tuong tu, d6 do tuong tu.

1. GIOI THIEU

Theo sé liéu thong ké cua tap doan dit liéu quéc té IDC (International Data Corporation),
nam 2018 dung luong dit lidu toan cau khoang 33 zettabyte (1 zettabyte = 1 nghin ty gigabyte),
udc tinh dén nam 2025 c6 khoang 175 zettabyte; trong d6, 90 zettabyte dugc tao ra tir cac thiét
bi 10T, 49% dit liéu dugc luu trir trén mdi trudng dam may, gan 30% dir liéu s& duoc sir dung
dé xur 1y theo thoi gian thuc [1, 2].

Mat khac, dit liéu da phuong tién (van ban, hinh anh, 4m thanh va video) da dugc phat
trién nhanh chong trén nhiéu hé thong khac nhau, nhu: dién thoai thong minh, hé thong mé
phong dbi tuong 2D, 3D, WWW, va céc thiét bi vién thong... Nam 2015, tong s6 hinh anh toan
ciu dat 3,2 nghin ty; nim 2016, ¢4 3,5 triéu hinh anh duoc chia sé trong mdi phut va c6 2,5
nghin ty hinh dnh dugc chia s¢ va luu trir truc tuyén. Trong nim 2017, thé gi6i da tao ra 1,2
nghin ty hinh anh va tong s6 anh toan cau dén nam 2017 la 4,7 nghin ty; trong do, cac hinh
anh duoc tao ra tir thiét bi mobile 12 90% [3]. Anh sb d4 tré nén than thudc véi cudce sdng cua
con ngudi va duoc (ng dung trong nhidu hé théng tra ciru thong tin da phwong tién nhu Hé
thong thong tin bénh vién (Hospital Information System), Hé thong thong tin dia 1y
(Geographic Information System), Hé thong thur vién s6 (Digital Library System), ing dung y
sinh, trong gido duc dao tao, giai tri... [4, 5].

Kich thudc ciing nhu s6 luong anh ngay cang tang nén can phai c6 cac hé théng truy van
anh trén cac thiét bj ciing nhu trong cc hé thdng da phuong tién. Viéc tra citu anh dé tim ra
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tap anh tuong tu va phén loai hinh anh 1a mét trong nhitng bai toan quan trong cta nhiéu hé
thong da phuong tién [6].

Viéc tra ciru anh c6 nhiéu giai doan chinh, bao gém tién xu 1y anh, rat trich dic trung,
phan cum dit li¢u hinh anh, phan 16p dbi tuong, tim kiém tap anh twong tu [7, 8]. Trong cach
tiép can cua nhom tac gia, ky thuat phan 16p k-NN duge ap dung cho bai toan tim kiém anh
dua trén k§ thuat chon phan tur lang gieng va cac tui tir thi giac BoVW (Bag of Visual Word)
nham giam chi phi tinh toan va tang toc d6 tim kiém hinh anh.

Dong gop cua bai bao 1a: (1) cai tién thuat toan k-NN nham phan 16p dir liéu dé tao ra
cac phan loai ngir nghia cho hinh anh, (2) xay dung CAu trac tai tir thi giac dé tim kiém hinh
anh twong tu, (3) thiét ké mé hinh tim kiém anh twong tu dua trén viéc két hop thuat toan
k-NN va tai tir thi giac BoVW, (4) xay dung thuc nghiém va minh chimg tinh ding dan cua
dé xuat trén mot bo dit liéu anh thong dung.

Phan con lai cia bai bao gom: Phan 2 khéo sat va phén tich wu nhugc diém cua cac cong
trinh lién quan dé chirng minh tinh kha thi cta bai toan phan 16p va tim kiém anh tuong tu;
Phan 3 trinh bay thuét toan phan 16p k-NN va phuong phap tim kiém anh twong ty dua trén
tai tir thi giac; Thuc nghiém duogc mé ta trong phan 4 va két qua dugc danh gid trén bo dit ligu
anh COREL (1.000 anh); Phan 5 1a két luan va hudng phat trién tiép theo.

2. CAC CONG TRINH LIEN QUAN

Gan day, nhiéu cong trinh sir dung phuong phap phén 16p dya trén k§ thuat k-NN nham
thuc hi¢n bai toan phan 16p va tim kiém anh nhu: Truy xuat hinh anh dya trén ndi dung cho
bai toan nhan dang nhiéu ddi twong trai cdy bang cach sir dung k-Means va k-NN [9]; Phuong
phap trich xuit dic trung SIFT dé mo ta dic trung hinh anh va duoc 4p dung trong hé CBIR
két hop phén 16p trén mang BayesNet va k- NN [10]; Mot phuong phap hoc c6 giam sat dé tao
chi muc cho hinh anh dya trén phuong phap Xap xi lang giéng gan nhat bang k-NN [11]; Mat
cach tiép can khac sir dung k-NN két hop véi trong s6 nham thuc hién chu thich hinh anh ty
dong [12]; M6t phuong phap chon hea dac trung stir dung ky thuat hoc cé giam sat k-NN trong
hé théng CBIR [13]; Két hop thuat toan K-Means va k-NN dé phan loai anh vé trai cay [14].

Nam 2014, Xiaohui va cong su di xay dung d6 do twong tu dua trén rang budc khong
gian giita cac ddi twong dic trung dé tir d6 thuc hién bai toan tim kiém anh. Trong phuong
phap nay, nhom tac gia thuc hién viéc két hop giita phuong phap k-NN va tai tr thi gidc dé
truy van anh. Trong tui tir thi gide, cac hinh anh dugc thdng ké va gom nhém theo ky thuat
phan 16p k-NN dé tao ra nhom cac hinh anh twong ty nhau. Trong bai bao nay, cac tui tur thi
giac chira dung céc hinh anh dya trén viéc phan 16p k-NN trong CSDL ban dau chua xay dung
duoc trong s6 cia moi thi tir theo phan 16p cac hinh anh. Hon nira, thuat toan k-NN duoc thuc
hién trén do do ctia d6i twong dic trung va chua giai quyét viéc phan 16p hinh anh trong truong
hop sb luong cac phan 16p can bang nhau [15].

Imran va cong su (2014) da d& xuit hé théng CBIR méi biang cach két hop 2 dic trung
mau sic va két ciu. Trong d6, bé cuc mau (CLD) tir MPEG-7 dugc st dung dé trich xuit mau
va d6 do trung binh, phuong sai, do léch va entropy dugc st dung 1am b mo ta két cau. Két
qua thuc nghiém trén bo anh COREL va duoc so sanh vai 4 hé théng uy tin khac (SIMPLIcity,
dira trén biéu d6, FIRM va Phan doan phuong sai) dé danh gia hiéu ning cua phuong phéap do
nhom tac gia dé xuét [16].

Li va Mooi (2015) da xay dung tui tur thi gidc dya trén luge do mau_ sdc va chon nhiing
hinh anh dwa vao tai tir dya trén mau sac cua s6 luong diém anh. Vi mdi hinh anh dau vao
dugc phan loai dya trén tai tir thi gidc nay va liy cac hinh anh lan can cta cac anh gan nhat
trong tai tir dé truy xuét tap anh tuong tu trong CSDL anh ban dau. Viéc truy xuét tap anh
tuong tu dugc thyc hién bang phuong phap k-NN. Trong phuong phép niy, nhém tac gia thyc
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hién hai pha ctia phuong phap k-NN két hop véi tai tir thi gidc nhung van chua xay dung duoc
mdi quan hé gitra cac tai tir [17].

Huneiti va cong su (2015) dé xuat mot phuong phap CBIR bang cach trich xuét cac véc-
to dic trung mau va két ciu, sir dung phép bién ddi Wavelet roi rac (Discrete Wavelet
Transform) va mang (SOM). Céc hinh anh dugc phan nhém theo mau sac, voi mdi hinh anh
truy van, cac véc-to déc trung két cau duoc so sanh diwra vao do do twong tu Euclide dé truy
Xuat tap cac hinh anh twong ty. Ngoai ra, cac hinh anh c6 lién quan khac ciing duoc truy Xuat
bang cach sir dung ving 1an can cua hinh anh tuong tu nhét tir tap dir liéu duoc phan nhoém
thong qua mang SOM. Thyc nghiém duoc thuc hién trén bo anh COREL, nhung hiéu suat
chua cao do viéc phan loai mau sac tir ddu ma khong thuc hién so sanh véc-to dic trung mau
sac [18].

Shrinivasacharya va cong su (2015) d& xuat mot ky thuat trich xuat dic trung st dung
cach tiép can két hop k¥ thuat do canh va k¥ thuat loc trung vi dé trich xuit cac dic diém tur
hinh anh. Bén canh d6, nhom tac gia st dung ki thuat SOM dé phan cum cac dbi twong anh
da trich xuat dic trung. Trén co s& d6, mot hé théng truy van anh duoc xay dung dya trén ban
dd tu t6 chirc va tra vé tap anh tuong tu véi anh truy van. Thuc nghiém duoc dénh gid trén bo
anh Corel-1000 [19].

Erwin va cong su (2017) dé xuat hé thong nhan dang trai cdy dugc xtr ly qua 3 budc: dau
tién la trich xuit cac dic trung, sau dé thuc hién gom cum bang phuong phap K-Means va
cubi cung st dung ky thuat k-NN dé phan 16p. Theo két qua thuc nghiém, hé thong phan 16p
dat dugc d6 chinh xac 92,5% cho anh don ddi twong, 90% cho anh da ddi twong [9]. Tuy nhién,
hé thdng chi nhan dién trén cic bo anh Vé trai cdy, thuat toan K-Means duogc ap dung theo
phuong phép centroid va phai cap nhat tim cum khi dir li¢u thay d6i, chua xir 1y truong hop
s6 luong lang giéng c6 sé phan 16p bang nhau.

Zhang va cong su (2017) d& xuat mot thuat toan xép hang cic anh da nhan dya trén mo
hinh k-NN. Thuat toan dua vao xac suat ciia nhin két hop voi cac mau lan can xung quanh
mau truy van. Trong cach tiép can nay, cic mau tich cuc dugc xem xét va xép hang. Nhom tac
gid da su dung bén bo anh da nhan phd bién dé danh gia thuat toan dé xuat va két qua cho thay
hiéu suat dat duoc tot hon so véi cac phuong phéap khéc [14]. Trong phuong phép nay, nhom
tac gia chi ap dung sap xép theo mot anh dau vao cho trude va khong tao ra duoc mot ciu trac
dé tim mot tap céc hinh anh tuong tu.

Kumar va cong sy (2018) sir dung phuong phap trich xuat dic trung anh SIFT (Scale
Invariant Feature Transform). Trong do, SIFT la phép trich xuit dic trung d6i twong va bat
bién ddi voi phép bién dbi theo ty 18, quay... Tir 46, dic trung nay duoc sir dung dé tim kiém
anh theo noi dung dua trén phuong phap k-NN. Két qua thuc nghiém cua hé thong dat dugc
do chinh xac 88,9% trén by anh Wang [10]. Tuy nhién, h¢ thong chua thyc hién dugc viéc
phan 16p néu nhu s6 lugng céac lang giéng thudc mdi I6p xap xi nhau.

Shichao va cong su (2019) dé xuat phuong phap hoc c6 giam sat dé danh chi muc cho
anh dung k-NN, mét thuat toan gan lai nhin cho cac anh huin luyén duoc dé xuat nham thiét
lap mbi quan hé giita cac loai nhan anh va cac ma tir. Tir d6, mot bo dit liéu huan luyén dé
phan 16p nham ma rong tap cac mau. Thuc nghiém cho thay hé thong dung phuong phap hoc
c6 giam sat dé tao chi muyc cho két qua tét hon mé hinh sir dung phuong phap hoc khong giam
sat trén cung bo dit li¢u thir nghiém (MNIST, CIFAR-10) [11]. Tuy nhién, phuong phap nay
¢6 2 han ché: Mot 1a, khi gan nhan dbi tugng co thé bi nham I4n vi sir dung phuong phép k-
NN dé chon lang gleng gan nhat nham tao chi myc cho hinh anh; hai 13, chi sir dung d6 do
tuong ty 1am tiéu chudn cho qua trinh ddi sanh, diéu nay din dén viéc gan ma tir sai cho mot
dic trung hinh anh nhét dinh.

Yanchun va cong su (2019) dua ra mé hinh k-NN ¢6 trong s6 (weight k- NN) két hop
phwong phap phan biét tuyén tinh da nhin dé phan 16p d6i twong dwa trén trong s6 nham cai
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thién do chinh xéc trong viéc tinh toan du doan ngit nghia dbi tuong hinh anh [12]. Qua thuc
nghiém ctia h¢ thong cho thdy, hé thdng da thyc thi higu qua trén cac tap dit liéu lon. Tuy
nhién, phuong phép nay t6n thoi gian trong pha huan luyén va gan nhan 16p cho hinh anh, van
chua xay dung mot cau triic tim kiém anh tuong ty theo noi dung dé tang tinh hiéu qua veé thoi
gian.

Alqasemi va cac cong su (2019) dé xuat mot huéng tiép can tim kiém anh theo noi dung
dua trén k¥ thuat k-NN két hop véi cac dic trung thong ké trén mdi hinh dnh trong khong gian
RGB va danh gia do tuong ty dua trén d6 do Euclide. Trong pha tim kiém anh twong tu dugc
thuc hién bang cach 1y cac nhém anh twong ty v6i anh truy van [13]. D& xuat cia nhom mang
lai tinh hiéu qua va don gian hoa hé théng tim kiém anh theo noi dung. Trong bai bao nay,
viéc tim kiém cac nhom anh twong ty thie hién mot cach tuyén tinh va khong c6 ciu tric tim
Kiém cac nhom anh lang giéng dé mo rong cho bai toan tim kiém anh tuong tu.

Shuang va cong su (2020) két hop thuat toan gom cum K-Means va tai tir thi gidc dé tim
kiém tap anh tuong ty, trong d6 ti tir thi gidc duoc xay dung duya trén viéc gom nhom céc dic
trung theo thi gidc dé hinh thanh cac tai tir luu trit cac tir thi giac cua hinh anh. Ung véi moi
hinh dwa vao duoc trich xuét dic trung va tim d6 twong tw véi cac tai tir gan nhat dé trich xuat
ra tap anh tuong tu [20]. Nhom tac gia da sir dung thuat toan K-Means va tui tir thi gidc dé tim
kiém anh tuong tu, dong thoi dwa ra cac ngit nghia twong Gng Véi thi tir. Trong phuong phap
ndy, cac nhom tdi tir 1a doc 1ap va chua phan 16p dugc noi dung cia mdi hinh anh.

Theo céc cong trinh dd khao sat nhu trén, phuong phap tim kiém anh tuong ty theo noi
dung dua trén k¥ thuat BoVW va k-NN 1a hoan toan kha thi. Tuy nhién, cac k¥ thuat da khao
sat van chua két hop va cai tién giira 2 ciu trac nay dé giai quyét bai toan tim kiém anh tuong
tu. Trong bai bao ndy, nhom tac gia d& xuat mot tiép can maéi dua trén mo hinh thi tir thi giac
két hop véi k thuat k-NN dé phén 16p va tim kiém mot tap anh twong tu. Trong mé hinh tai
tir, cac dic trung hinh anh duoc luu trir cting v6i phan 16p cua hinh anh va lién két véi cac tai
tir khac duya trén trong s ty 18 gitta cac phan 16p vu thé. Sau d6, voi mdi hinh anh dau vao
dugc phan 16p bang ky thuat k-NN duya trén k lang giéng gan nhat va ban kinh cho truéc.

3. PHUONG PHAP TRA CUU ANH
3.1. Tui tir thi gidc

Trong bai bio nay, nhom tac gia xdy dung mot mé hinh tai tir thi giac BoVW c6 thé phan
loai va tim kiém anh twong tu dua trén ngit nghia cia mdi hinh anh trong tai tir. Mdi tai tir co
mot tir thi giac dai dién cho nhom hinh anh twong tu va gia tri trong s6 dwoc luu trit dé tim
kiém cac tai tir 1an c4n theo ngir nghia thi giac. D& xay dung thi tir, thuat toan K-Means duoc
thuc hién dé phan cum tat ca cac véc-to dic trung trong tap dit lidu anh va xac dinh duoc gia
tri tim ciing nhu ngit nghia thi giac ctia tai tir d6 dua trén tap dir liéu huan luyén. Trong Hinh
1, phuong phap tao tai tir tw dong tir mét CSDL hinh anh dwoc thuc hién dua trén viéc phan
cum K-Means theo dac trung hinh anh.
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Chc cum Tui tir BoW

Hinh 1. M0 ta cach tao thi tir

Thuat toan CBVW

Piu vao: Tap di liéu anh L= {<fi,vi> | v&i fi, vi lan luogt 1a véc-to dic trung va
phan 16p nglr nghia}

Pau ra: Tap cac tai tir duge gan nhin va co trong so.

Begin
Khai tao sb tai tir k;
Forj=1tokdo
.Qj: (Z) ;
;. Center = f; ;
EndFor
Foreach (<fi,vi> € L) do
Do = Min {Euclide (fi, £2;. Center),j= 1.k };
0;=0; U{fi};
Update (£2;. Center);
EndForeach
Return 2 ;
End

M¢énh d@é 1. Do phirc tap cua thuat toan CBVW 1a O(n = k). Vi n 1a s6 phan tir trong
tap véc-to dac trung trong tap dir liéu anh L, k 1a so thi tir.

Chung minh: Ung véi mdi phén ti fi trong tap dit liéu L hé thong tién hanh tinh khoang
cach Euclide gitra n6 v6i Kk tdm cua ting tai tir dé€ tim ra tai tr phu hop nhat ma ching thudc
vao. Do d6, d6 phuc tap cta thuattodn la O(n * k). =

Trong thuat toan CBVW, phuong phap gom cum K-Means duoc tng dung dya trén cac
tdm da chon. Céc phan tu trong tap dix li¢u lan Iuot duge phan phoi vao céc tai tir. Dya trén
tap tai tr nay, tap anh twong ty dugc trich xuat thong qua phan 16p nglr nghia bang thuat toan
k-NN.

3.2. Thuat toan KNN
pé phan 16p mot dnh d?n} vao lgﬁng thuét toan k-NN, mot Vvéc-to ddc trung dugc trich xuét
va tim kiém cac lang giéng gan nhat dya trén mt ban kinh dong thoi thong ké theo cac phan

l6p cuia k lang giéng gan nhét. Sau khi phan 16p hinh anh dau vao, tap hinh anh tuong tur dugc
trich xuat tur cac tai tir thi giac.
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Tii tir thi gidc

Www

E— | Animal People Elephant

Hinh 2. Mb ta thuat toan k-NN két hop BovVW

Dau tién tap dir liéu dau vao s& dugc gom thanh k cum theo thuat toan K-Means va k véc-
to tim twong ng s& 1am co s& phan 16p cho thuat toan k-NN. Tiép theo, chung t6i tién hanh
xdy dung tai tir dua trén bo dit liéu anh ban dau dé thuc hién tim kiém tap anh twong tu va ngi
nghia ciia anh truy van. Viéc tim kiém anh twong tu nay duoc thyc hién bang cach anh xa vao
tor ma twong Grng trong tai tur.

Thuat toan CKNN

Piu vao: Mot anh |, tap dic trung anh F da dugc gom thanh m cum C = {<F;,
li>|i=1..m}, ban kinh 6

Pau ra: Lop ngit nghia S cua anh |
Begin
K=0;
fi = ExtractFeature(l);
dmin = Min {Euclide (fi, Ii), i = 1..m}.
If (3!dmin) then
S = Classification (fi, Fi);
Else
’ ’ Foreach (fi € F;) do //Fj1a cac cum c6 khoang céch tir tim
dén I 1a nho nhat
If (Euclide(fi, fi) < 8) then
K= K U{fi};
EndIf
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EndForeach

S = Classification (fi, K);
EndIf
Return S;

End

Ménh dé 2: D phirc tap cua thuat toan CKNN 1a O(n * m). Vi n s6 phan tir trong tap
véc-to dac trung F, m1a s6 cum.

Chitng minh: Goi n 13 s6 véc-to dic trung trong bd dir liéu anh. Vi m5irvéc-t0 déc trung
fi €F thuoc bo dir liéu, thl{ét toan tién hanh do khoang cach Euclide gitta fi dén m tam cym dé
tim ra phan 16p cho anh dau vao. Vi vay d phicc tap 1a O(n * m). w

3.3. M6 hinh tra ciru anh

Giai doan 1: Tién xi I o% oo
:. u%

WWWw

[ ]
1 2 : 0
Y (Gom cum E-means > ..:. ,908
e, 0O
"

Giai doan 2: Tra cio anh

i Anh traciu Véc-to dic
| 6 e

Hinh 4. M0 hinh tra ctu anh

Trong Hinh 4, (1) thuc hién gom cum tap anh thu thap tir ngudn internet theo phuong
phap K-means; (2) két qua sau khi thuc hién gom cum 1a k cum; (3) x4y dung tui tir dua vao k
cum; (4) v6i mdi anh trong CSDL, tién hanh rat trich didc trung; (5) phéan 16p tap véc-to dic
trung; (6) rut trich ddc trung cua anh tra ciru; (7) phan 16p anh tra ciru nay; (8) nhan két qua;
(9) tim tap anh twong tu; (10) dya vao nhan két qua, tim trong thi tir; (11) tra vé thi tir tvong
g voi nhan can tim; (12) tra V& tap anh tuong ty VGi anh tra ctru dau vao.

3.4. Thuét toan tra ciru anh
Pau tién, nhom tac gia xay dung cac tai tir thi giac cho tap dit liéu anh dau vao dua trén
véc-to dac trung va thudt toan K-Means. Vi moi anh truy van dau vao, thuat toan phan 16p

k-NN duoc thuc hién dé phan 16p ngit nghia. Dya vao 16p ngit nghia tim duoc, danh sach anh
tuong ty dugc trich xuat tir cau trac tai tur. Thuat toan tra ciru anh (CBIR) dugc mo ta nhu sau:
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Thuat toan CBIR )
Dau vao: Véc-to déc trung f cua anh tim kiém |, tap véc-to dac trung F, Tai tir thi giac.
Pau ra: Tap anh tuong tu S,
Begin

Si=0;

S=CKNN (fi ,Fk, 6);

Foreach (22; € 2) do

If (22;. Label = S) Then
S =SuU;

EndForeach

Return S;;
End.

Ménh dé 3: Do phuc tap cia thuat toan CBIR 14 0(n * m * k). Voi n sb phan tu trong
tap véc-to dac trung F, m cum va K tai tur.

Chitng minh: Véi véc-to dic trung fi ciia anh déu vao, hé thdng st dung thuat toan CKNN
tién hanh phéan 16p anh dua vao tap véc-to dic trung F voi do phac tap O (n * m) (ching minh
trén). Sau d6 hé thong duyét qua k tai tir dé tim kiém tap anh twong ty Vi anh dau vao. Vi
vay, do phactaplaO(n*m k). w

4. THUC NGHIEM
4.1. Mo ta thuc nghiém

Hé thdng duogc thir nghiém trén bo dit liéu anh COREL (1000 anh) (dugc Iy tir nguon
www.corel.com), trong d6 bd anh duoc chia thanh 10 phan 16p, gdm cac phan 16p dbi tuwgng
va anh phong canh: Beach, Bus, Castle, Dinosaur, Elephant, Flower, Horse, Meal, Mountain,
People. Trong thuc nghiém nay, nhom tac gia s& lan luot truy van ting anh trén bo dir lidu
COREL va danh gia hiéu suat phan 16p ciing nhu thoi gian truy van anh tuong tu.

Thyc nghiém gom 2 giai doan: (1) giai doan tién xir Iy rit trich tap cac véc-to dic trung
tir bo dir liéu anh va xay dung cac tai tir bang thuat toan CBVW; (2) giai doan tra ciru va tim
tap cac anh twong ty thong qua ki thuat k-NN két hop BoVW. Cac tng dung thuc nghiém
duogc xdy dung trén nén tang dotNET Framework 3.5, ngon ngit lap trinh C#. Thuc nghiém
trén may PC CPU Intel (R) Core i5-2430M CPU @2.40GHz, 4.0 GB RAM, h¢ diéu hanh
Windows 7 Pro 64 bit.

Trong Hinh 5, cac véc-to dic trung duoc trich xudt tir cac ving cua anh, véi cac dic trung
nay bao gdm Vi tri, mau sic, chu vi dbi tugng, dién tich ddi twong. D6 twong ty dugc thuc hién
dua trén khoang cach trung binh cia cac véc-to dac trung theo tirng nhom dac tinh va dugc
tinh toan theo do do Euclide. Mdi hinh anh duoc phén 16p dya trén thuat toan k-NN d& duoc
dé xuat dé tim ra cac tap anh twong tu theo phéan 16p d6. Hinh 6 mo ta mot két qua truy van
anh dwa trén két qua phan 16p cua Hinh 5, véi cac hinh anh trong Hinh 6 dwoc trich xuat tir
mot thi tir thi gidc bao gdm céc hinh anh twong (g Voi cac ngit nghia phan 16p ban dau.
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It CBIR CLASSIFICATION _ -

Load Image Retrigval CBYW IDB

Feature Vector 0.26458413086, 0.80345731445, 0.52662058141, 0.25011846209,0.48972724364, 0.57402454089,
0.03658431853, 0.03355967177. 0.03566555187, 0.04726052158, 0.05755529458. 0.43993713982,
0.51870501543, 0.03354328576, 0.04440985216, 0.30731046549, 034235334628, 0.52355716602,
0.0298218108, 0.04513487117. 0, 0.0242502538. 0. 0.61300770019, 0.00978221356, 0.35291975246, 0.
0.23716841337, 0, 0.00571246457, 0.01692963262, 0.73618548504, 0, 0. 0, 0.68658125073, 3.878625E-05,

Class kNN mountain Class Radius mountain

Classification mountain

Hinh 5. Giao dién chinh ‘g dung phan I6p va tra citu anh

1% Image Retrieval Experimental Results - m]
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Hinh 6. Mot két qua tra ciru anh

4.2. Panh gia két qua thuc nghiém

Két qua thuc nghiém duogc do dac truc tiép tir chwong trinh dya trén bo anh kiém thir theo
timg phan 16p cua bo anh COREL. Sau do, cac gia tri thuc nghiém duoc thdng ké va tinh gia
trj trung binh, trong d6 d6 chinh xac va thoi gian truy van dugc mo ta trong Bang 1 va 2. Két
qua thuc nghiém cho thay phuong phép phan 16p va truy van anh dat dugc do chinh x4c cao
va thyc hién vai toe do tuong dbi nhanh; véi thoi gian thyc hién trung binh thir nghiém trén

b6 anh COREL la 50,54 ms (milisecond), d6 chinh xac trung binh 1a 67,7%.
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Bdng 1. Do chinh x4c va thoi gian thyc hién thuat toan trén b anh COREL

Phén 16p anh Do chinh xac (%) Thoi gian (MSs)
Beach 49 49,98
Bus 74 62,30
Castle 56 49,91
Dinosaur 100 48,65
Elephant 72 49,05
Flower 88 49,12
Horse 95 48,98
Meal 51 49,30
Mountain 49 48,56
People 43 49,63
Trung binh 67,70 50,54
1,2 D6 chinh x4c (%)
1t
08 r
06 r
04 r
02 r
0 T T T T T T T T T
& T & @@“& @é & & @6&. %OQ\Q
Hinh 7. Biéu dd thé hién do chinh xac trén bo anh COREL
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50 | —- — =@
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0 . . . . . . . . .
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Hinh 8. Biéu db thé hién thoi gian thuc hién thuat toan trén bo anh COREL
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Hinh 7 va Hinh 8 mé ta d6 chinh xac phén 16p trung binh va thoi gian truy van theo ms
(milisecond), trong d6 truc ngang cua dd thi mé ta tén phan 16p cua bo anh COREL, truc ding
ctia d6 thi lan luot mo ta do chinh xac va thoi gian truy van anh.

Qua sb liéu vé thoi gian thuc thi va d§ chinh x4c cua thut toan trén bo dit lieu COREL
(Bang 1, 2) va Hinh 3, 4 cho thiy do chinh xac trén bo Dinosaur, Horse, Flower, Bus kha cao
(100%, 95%, 88%, 74%), tirc 1a phwong phap truy van rat kha thi cho cac hinh anh di tuong.
Tuy nhién, trén cac bd Beach, People, Mountain con han ché, tirc 1a trong cac bo anh vé phong
canh thi phuong phap truy vin di dé xuat can phai duoc cai tién. Thoi gian thuc thi trung binh
ctia thuat toan trén cac b 1a kha tot.

Bdng 2. So sanh do chinh xac gilta cac phuong phap trén bo dit liéu CIFAR-10

Phuong phap b6 chinh xac trung binh (MAP)
Imran M., 2014 [16] 0,5890
Huneiti A., 2015 [18] 0,5588
Shrinivasacharya P., 2015 [19] 0,6537
Phuong phap cta chiing t6i 0,6670

Nhom nghién ctru Imran va cong su (2014) st dung bd cuc mau MPEG-7 va két cau 1am
co s& dé trich xut dic trung [16]. Tuy nhién, viéc sir dung chu yéu dic trung mau sic dé so
sanh dan dén két qua truy van (P@10) chi dat 58,9%. Tai thoi diém truy van, hinh anh khong
dugc phan 16p, nén nhitng bo anh nhu Bus, Horse chi dat 34% va 53%, trong khi két qua cua
chung t6i 1a vuot troi hon nhiéu véi do chinh xac 1an lugt 1a 74% va 95%.

Nhom nghién ciru ctiia Huneiti va cong su (2015) thyc hién phan nhom hinh anh dya trén
hé sb mau trude khi thuc hién so sanh véc-to dic trung két cAu caa hinh anh truy van, do do
nhom anh c6 su phan biét vé mau sic rd rang nhu Flower cho dd chinh xac khé cao (82,8%),
trong khi dé xuat cua nhém tac gia c6 két qua cho bo Flower 1a 88%. Bo anh vé Dinosaur c6
mau sic twong dong thi viéc phan biét vé két cau ciia Huneiti va cong su khong cho két qua
cao (52,6%), va dé xuat trong bai bao nay ciia nhom tac gia 1a 100%. Qua do cho thiy, nhiing
dé xuat ciia nhom tac gia trong bai bao nay V& viéc truy van hinh anh dua vao phan 16p hinh
anh theo tai tir c6 két qua t6t hon nhém nghién ciru Huneiti va cong su.

Khi so sanh v&i cac nghién ctru ké trén cho thiy két qua nghién ciru cua nhom téc gia la
hiéu qua.

5. KET LUAN VA HUONG PHAT TRIEN

Trong bai bao nay, nhom tac gia da dé xuat mot cai tién thuat toan k-NN va mé hinh truy
van anh dya trén tai tir nham phan 16p dir liéu dé tao ra cac phan loai ngit nghia cho hinh anh,
xdy dung ciu trac thi tir thi giac dé tim kiém hinh anh tuong tu. Két qua thyc nghiém trén bo
dit liéu anh COREL dugc danh gia va so sanh véi cac cong trinh khac trén cung mot tap dir
liéu anh da cho thiy phuong phap dé xuét 1 higu qua. Két qua thuc nghiém cho thy, thoi gian
truy van va do chinh xac phén 16p anh ciia bai toan tim kiém anh 1a kha thi. Chung toi da cai
tién thuat toan k-NN va két hop v6i mé hinh tdi tir dé giai quyét bai toan 1a mot phuong phap
hiéu qua va co thé ap dung dugc trong cac hé truy van anh. Hudng cai tién tiép theo 1a nhom
tac gia & trich xuat dic trung phu hop véi hinh anh phong canh, dong thoi truy van ngit nghia
ctia cac phan 16p hinh anh trén Ontology dé tao ra cac ngir nghia lién quan vdi cac ddi twong
trén anh.
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ABSTRACT
A METHOD OF CLASSIFICATION FOR K-NN BASED IMAGE RETRIEVAL

Huynh Thi Chau Lan*, Le Huu Ha, Nguyen Hai Yen
Ho Chi Minh City University of Food Industry
*Email: lanhtc@hufi.edu.vn

In this paper, a stratified data approach was applied to a similar image search problem
through a bag vision feature from BoVW (Bag of Visual Words). The classification method is
based on the k-NN (k-Nearest Neighbor) algorithm with the input data being a feature vector
of the image. From an initial image data set, we construct a bag of visual words to stores
images that are substantially similar in content. After classifying the input image by the k-NN
method, a set of similar images is extracted from BoVW. In the k-NN method, in addition to
k nearest neighbors, a radius 0 is used to statistically classify the image. Each BoVW links to
other word bags through its representative semantic class. Experiments were built on COREL
image database (1,000 images) to evaluate the accuracy and compare with other related works
on the same data set. According to empirical results, our recommendations are effective and
can be applied in various multimedia systems.

Keywords: k-NN (k-Nearest Neighbor), classification, bag of words, similar image, similarity
measure.
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