LOI CAM DOAN

T6i xin cam doan dé tai nghién ctru trong luan van nay 1 cong trinh nghién ciu
cua to1 dua trén nhitng tai li¢u, s6 liéu do chinh t6i tu tim hiéu va nghién cuu.
Chinh vi vay, cac két qua nghién ctru dam bao trung thuc va khach quan nhat.
Pong thoi, két qua ndy chua ting xuét hién trong bat cir mot nghién ciru nao.
Cac sd liéu, két qua néu trong luan van Ia trung thuc néu sai toi hoan chiju trach

nhiém.

Tac gia luan van



LOI CAM ON
Pé tai "Nghién ciru gidi thuit phan cum pho cho tra ciru anh dua trén
ndi dung" 1a ndi dung toi chon dé nghién ctru va 1am luan vin tot nghiép cao
hoc sau hai nam theo hoc & Vién Han 1am Khoa hoc va Cong nghé Viét Nam.
Trong qua trinh 1am va hoan thién luan van tbt nghiép t61 da nhan duogc rat nhiéu
su giup do.

Pau tién toi xin gui 101 cam on chan thanh t&i thay gido hudng din Ngb
Quéc Tao. Thay 1a ngudi da tan tinh gitp d&, dan dat, truyén dat kién thirc ciing
nhu kinh nghiém cho t6i, khong chi trong qua trinh thuc hién luan van t6t
nghiép ma con trong sudt thdi gian hoc tap tai Vién Han 1am Khoa hoc va Cong
nghé Viét Nam.

Tiép d6 61 ciing xin gui 101 cam on dén cac quy thdy c6 Vién Cong nghé
thong tin, nhimg nguoi di giang day toi trong sudt thoi gian theo hoc tai Vién
Han lam Khoa hoc va Cong nghé Vié¢t Nam.

To1 cling xin gui 161 cdm on don vi chuyén mon, ban Lanh dao, phong
Dao tao, cac phong churc nang ciia Hoc vién Khoa hoc va Cong nghé dé luan van
duoc hoan thanh.

Sau cung t6i mudn giri 16i cam on dén gia dinh, ban be, cac dan anh dan
chi, cac ban hoc cung khoa ITT20B01 da luon dong vién, gitip d& toi trong qua
trinh [am luan van.

Trong qué trinh 1am luan van, t6i da c6 gang hét sic dé hoan thanh that
t6t dé tai nay trong kha ning cia minh. Tuy nhién do diéu kién thoi gian ciing
nhu kién thic con han ché, nén luan vin chic chin van con nhiéu thiét sot. Toi

thuc su mong nhan dugc su gop y cua thay cd va cac ban.

Mot lan nira, xin chian thanh cam on!

Ha Noi, ngay thang nam 2022

Hoc vién thuc hién
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MO DAU

1. Ly do chon dé tai

Nganh khoa hoc may tinh ngdy cang phat trién trong thoi dai cong nghé
4.0. Ching ta c6 thé nhan ra su phét trién nhanh chéng ctia cac linh vuc trong
khoa hoc may tinh, tur tri tu¢ nhan tao, ché tao robot, dit liéu 16m, my thuat dd
hoa, cong nghé in 4n 3D, van véan va tat nhién trong cic phan nganh d6, khong
thé nao thiéu duoc phan nganh xir 1y anh.

Sy phd bién lan rong va nhanh chdng ctia Internet ciing nhu cac thiét bi
dién tir cong nghé cao da khién cho cac hoat dong trao doi, luu trit va tim kiém
thong tin trd thanh mot hoat dong thuong nhat khong thé thiéu dugc trong doi
song hién dai. Hinh anh c6 thé dugc xem 1a mot dang thong tin thudng gap va
thuong duoc st dung, c6 tdc dong rat manh téi thi giac cuia con nguoi. Song
song v&i sy phat trién cua khoa hoc cong nghé, thi nhu cau su dung anh s6 cla
con ngudi ngay cang ting cao va chac chin s& khong ding lai. Chung ta c6 thé
nhan thiy su hién dién cta anh s6 & khip moi noi, tir trong cudc sdng binh
thuong, vi du nhiing buc anh dugc dang tai trén cac trang mang, cho té1 nhiing
hinh 4nh ma moi ngudi chia sé véi nhau qua mang xa hdi, hay la trong cac linh
vuc chuyén mon sau, vi du nhu viéc nhan dang khuon mat, chix viét, diu van tay
trong cong viéc quan 1y co sé dit liéu dan cu hodc an ninh diéu tra. Ngay ca
nhirng nganh khoa hoc khac nhu vién tham, vl try, y sinh, thiét ké do hoa, van

van, cling rat can dén nhitng thong tin anh so.

Nganh khoa hoc xir 1y anh ra doi da dap tng duoc nhu cau sir dung anh sd
ctia thé gidi hién dai. Xir Iy anh bao gdom rat nhiéu phan nganh nhé, nhu 13 nang
cao chét luong hinh anh, phan tich hinh anh, phuc hoi hinh anh, nén va dinh
dang anh, doan nhan anh va tat nhién khong thé khong nhic tGi ca tra ctru anh.

Tra ctru anh hay tim kiém hinh anh, 1d mot chuyén nganh pho bién va c6
tinh tng dung cao ciia nganh khoa hoc xir Iy anh. Chung ta c6 thé dit ra rat
nhiéu cau héi, vi du nhu véi mot lugng thong tin khéng 16 trén cac nén tang luu
trt vi du nhu 1a khong gian internet va trong d6 c6 khong it 1a cac dir liéu anh
56, 1am thé ndo dé ta c6 thé tim duoc ding nhiing hinh anh theo nhu mong mudn
ctia minh ? Va néu nhu trong truong hop chiing ta di tim thay anh, thi lam cach
nao co thé biét duoc liéu nhitng dit liéu anh d6 co6 dung véi yéu cdu ma minh



mong mudn hay khong ? Roi gia sit nhu di tim duoc hinh anh ding nhu y
mudn, thi liéu c6 thé c6 mot phuong an nao d6 gitp cho viée tra ctru & nhimg
lan sau ngay cang nhanh chong, hiéu qua hon va it tén kém hon 1an trudc khong
?

Nhan ra day 1a mdt van de thiét thuc va gan gtii voi doi song hang ngay,
cho nén t61 da chon lam vé linh vuc tra ctru anh cho luan van cao hoc cua minh,
voi1 tén dé tai 1a "Nghién ctru gidi thudt phan cum phd cho tra ctru anh dua trén
ndi dung".

2. Muc dich nghién ciru

Gidng nhu nhimg gi ma tén dé tai da néu ra, muc dich nghién ctru cua toi
chinh 13 tim ra duwoc mot phuong an tra ctru anh hiéu qua, toi wu va co thé Gng
dung duoc vao céc linh vuc trong thuc té.

3. No¢i dung nghién ciru

Noi dung dé tai nghién ctu 13 tim hiéu, gidi thiéu tong quat vé céc
phuong phap tra ctru anh. Trong do, trong tdm chinh la phuong phap tra clru anh
trong d6 c6 ap dung giai thuat phan cum phd (spectral clustering). Pong thoi
dua trén co s& cac phuong phap tra ctru anh trén, tién hanh xiy dung chuong
trinh thr nghiém cho phép doc vao mdt tdp cac md td hodc cac thé duoc dan
nhan theo yéu cau cta nguoi dung, roi tim kiém nhimg hinh anh theo dung
chuan cac mé ta d6 trén bo dit liéu sin co.

4. Co sé khoa hoc va tinh thue tién ciia dé tai

Hoat dong tra ciru anh khong chi don gian 1a mot nhu cau thiét yéu cia
con ngudi ma con ndm vai trd quan trong trong rat nhiéu cac nganh khoa hoc
khac. Ta c6 thé ké t6i mot vai vi du nhu sau. Trong nganh y té, thong qua viée
st dung va kham pha bd dir liéu hinh anh 3D cua co thé con nguoi, thuong duoc
chup qua cac may chup cat 16p hay may chup cong hudng, ma bac si c¢6 thé tién
hanh coéng viéc chan doan bénh hay tim ra cac phuong thirc diéu tri bénh phu
hop vdi tinh trang ctia bénh nhan. Hay nhu trong linh vuc quén sy, ing dung tra
ctru anh ¢6 thé hd tro viéc nhan dang may bay hay cac thiét bi quan sy khac tu
man hinh radar, xdc dinh muc tiéu tor &nh v¢ tinh hay cung cép ban dd dan
duong cho tén Itra hanh trinh.

C6 rat nhiéu phuong phép tra ciru anh da dugce dé ra, nghién ciru va phat
trién. Trong d6, phuong phép tra ciru anh dya trén ndi dung cé thé xem la



phuong phép tra ctru anh phd bién nhat. Thong qua luén vin cta minh, t6i cling
mudn tim hiéu va nghién ctru phuong phat nay, ddng thoi tu phat trién mot hé
thong tra ctru anh dua trén nhiing gi da kham phé dugc.

5. Nhirng dong gop cua luin van

Trong luan vin cta minh, v6i chit d& nghién ctu 1a "Ap dung giai thuat
phd cho tra ctru anh dya trén ndi dung", toi da trinh bay nhitng gi minh da tim
hiéu va kham pha duoc. Bat dau tir nhitng khai niém va thuat ngit co ban nhat
ctia xir Iy anh cho dén tra ctru anh, sau day 1a nhitng phuwong phép tra ctru anh tir
don gian cho dén phuc tap, roi dén nhiig k¥ thuat, nhiing thuat toan dugc st
dung dé nang cao do chinh x4c cta két qua tra ctu.

Ngoai ra trong luan van toi con dé cap dén phuong phap phan hoi lién
quan. Pay khong chi 1a mot phuong phép cai tién hiéu sudt tra cu dua trén
nhitng phan hdi tir chinh nguoi ding, ma con 1a mot qua trinh twong tac, xay
dung cau ndi dé két ndi nguoi dung véi cong cu tim kiém nham tao ra két qua co
¥ nghia hon. Phan hoi lién quan khong chi 1a mot phuwong phap duoc ung dung
trong cong viéc xur ly va tra ctru anh, ma nd con co thé duoc ap dung cho cac bo
mon nghién ctru khéc, vi du nhu trong linh vuc truy hdi théng tin hay khai pha
dir liéu. Phuong phép nay giip mo hinh hoa nhan thirc ctia con ngudi theo cach
t6t hon.

Trong chuong cudi ctia luan vin, toi da xay dung dugc mot chuong trinh
mo phong, str dung k¥ thudt phan cum phd dé tng dung tra ctru hinh anh theo
nodi dung. Thong qua két qua thuc nghiém, t61 da dua ra dugc két luan ré“mg thuat
toan phan cum phé ma minh st dung da dem lai két qua c6 do chinh xac cao,
qua d6 c6 thé tmg dung vao cac hé thdng tra ctru anh dua trén ndi dung trong
tuong lai.



CHUONG 1. TONG QUAN VE CAC PHUONG PHAP TRA CUU ANH

1.1. MOT SO KHAINIEM CO BAN
1.1.1. Xt ly anh

Con ngudi cam nhan thé gigi xung quanh béi ndm giac quan. Trong dé, thi
giac c6 thé xem 1a gidc quan dem lai nhitng cam nhan "truc quan" nhat, boi day
la gidc quan phat hién va dién dich thong tin anh sang duoc nhin thiy bang mat.
Trong thoi dai cdng nghé sb, véi su phét trién caa cac nganh khoa hoc va dic
biét 12 nganh céng nghé théng tin, hinh anh déng maot vai trd rat quan trong
trong qua trinh tuong tac ciing nhu trao doi théng tin ciia con nguoi, boi day 1a
nhitng thdng tin ma chdng ta c6 thé nhan dugc mot cach truc quan théng qua thi
giac caa minh. Nganh khoa hoc xu ly anh vi vay da ra doi va ngay cang phéat
trién manh mé, song song vai d6 1a nhu cau sir dung anh sé ngay cang I6n caa

con nguoi.

Xt ly anh la giai phap duoc thuc hién trén cac anh dau vao, thong qua do
tao ra cac anh mai véi mot hay nhidu muc tiéu nao d6. Anh tra vé ¢d thé 1a anh
mang chat luong duoc nang cao hoic 1a dugc thay doi két cau dinh dang, ciing
c6 thé 1a duoc trich rat mot sb théng tin hitu ich hay 1a theo nhiéu kiéu khac.

Anh tét hon

Anh

N

Xir 1y anh

Két ludn

Hinh 1.1. Qua trinh xu ly anh
Anh trong xur ly anh 1a anh ky thuat sé (digital image). Anh sb duoc tao
thanh tir cac diém anh (pixel) va day ciing c6 thé xem 1a mot anh n chiéu [1].
Moi pixel c6 mot mau riéng biét va cac mau s& duogce xac dinh bsi cac khong
gian mau.



1.1.2. Hé thong xir 1y anh
Mot hé théng xir Iy anh thuong xir Iy qua cac giai doan chinh nhu sau [1]:

- Pha thu nhan anh: Thu nhan anh qua cac thiét bi may anh sé, camera,
may queét anh hoac cac bo cam ing.

- Pha s6 héa anh: Thuc hién bién d6i hinh anh twong tu tro thanh hinh anh
roi rac (roi rac hoa) dé cd thé xu ly trén hé théng may vi tinh théng qua qué trinh
lay mau (Sampling) va qua trinh luong tir héa (Quantization).

- Pha xir Iy s6: La mot quéa trinh bao géom nhiéu pha nhé hon: ting cudng
chat lugng anh (Enhacement), khdi phuc hinh anh (Restoration), do bién (Egde
Detection), phan doan anh (Segmentation), trich chon cac dac trung (Feature

Extraction)...

- Hé hd tro ra quyét dinh tly thudc vao muyc dich va tng dung ma quyét
dinh chuyén tiép sang cac pha khac nhu 14 pha hién thi, pha phan 16p, pha phan
doan, pha nhan dang, pha truyén thong. ..

Nhan
Camera / :

L Thunhdn _|Sé héa S| X Iy

Sensor

Hinh 2.2. Cdc giai doan chinh trong hé thong xir Iy anh
1.1.3. Mt s6 thuat ngir co ban trong xir Iy anh
- Piém anh (Pixel): Phan tir diém anh goi tit 14 phan tir anh dugc dinh
nghia 1a tin hiéu (cuong do6 muc sang) tai mot vi tri toa do xac dinh trong khong

gian cua ddi tuong.

- Anh: M6t anh dugc dinh nghia 1a mot tap hop cua cac diém anh.



- Mtic x&m: Muc xdm dugc dinh nghia 1a cac gia tri (Value) c6 thé c6 cua
cac diém anh trong mot anh.

- Lugc dd mirc x4m (Histogram): Lugc dd mirc x4m c6 thé goi tét 1a lugc
d6 xam duoc dinh nghia nhu 12 mot luge dd tan suat théng ké sb 1an xuat hién
cac mic xam trong anh, hay ndi cach khac mot ham tra vé tan suat xuat hién cua
mdi mirc xam trong anh chinh 1 lugc d6 xam cua anh.

1.1.3.1. Thu nhdn anh

Géc cua anh (anh tu nhién) 1a anh lién tuc vé khong gian va d6 sang [2]. DBé
xt Iy bang may tinh (sb), anh can phai duoc sé hod, tic ta phai dua duoc anh
vao bén trong thiét bi thu nhan anh dé tién hanh xu ly. Thu nhan anh 13 budc dau
tién trong hé thong xt Iy anh.

Thiét bi thu nhan anh, 1a mot thiét bi quang hoc c6 thé chuyén do6i hinh anh
da thu nhan thanh hinh anh ky thuat s6. Theo nhu so d6 ¢ Hinh 1.2, chdng ta c6
thé thu thap hinh anh bang cac thiét bi thu nhan nhu may anh (camera), may
quét (scanner), may fax... van van va tham chi 1a bang cac cam bién (sensor).
Cam bién thu nhan hinh anh c6 ba dang: Cam bién don (Single Sensor), Cam
bién dong (Line Sensor), Cam bién mang (Array Sensor).

1.1.3.2. Biéu dién anh

CO6 hai cach biéu dién anh thuong gap nhat hién nay, mét 1a biéu dién anh
theo mo hinh Vector va hai 1a biéu dién anh theo mo hinh Raster.

Anh Vector 1a anh duoc tao ra tir cac khai niém hinh hoc co ban nhu dudng
thang, dudng cong,... N6 duoc luu trit dudi dang chi dan thay vi cac diém anh.
Vi dy nhu khi ta v& mot duong thang tir A dén B véi o day T va mau C, hoic 13
vé mot duong cong tam X, ban kinh R, d¢ day T, mau C, vung bén trong t6 mau
Z. Anh Vector phil hop véi anh vé, anh thiét ké do hoa, anh hoat hinh hozc anh
hoat hinh 3D, vi du nhu khi str dung phan mém Adobe Illustrator [3].

Anh Vector ¢6 kich thudc file kha nho, luu thong tin thay vi diém anh,
khong phu thudc vao do phan giai, co dan tly y ma khéng mat théng tin. Céac
dinh dang cta anh Vector la .Al, .SVG, .WMF, .DWG, .EPS, .PDF [3].



Anh Raster, hay con duoc goi 1a anh Bitmap, 1a mot dinh dang anh k§ thuat
sb sir dung cac pixel hinh chit nhat nho, hoic cac phan tir hinh anh, duoc sip xép
theo hinh ludi (grid) dé hién thi hinh anh. N6i cach khac, anh duoc luu trir nhu
moét mang 2 chiéu cac diém anh, mdi diém anh c6 théng s6 vé mau sic. Ngay
nay, hau hét nhiing hinh anh chidng ta thiy trén Internet va cac buc anh duoc
chup boi may anh k¥ thuat sé déu 1a anh Raster. Boi vi dinh dang Raster c6 thé
hd tro nhiéu mau sac khac nhau va mé ta duoc tinh té cac tdng mau, cho nén né
rat thich hop cho anh chup tu nhién, anh chup phong céch, anh chup béng mo...
[3]

Anh Raster c6 kich thudc I6n hon anh Vector, nd mat théng tin khi co gian.
Déi véi anh chup Raster, can téi thiéu 8 bit cho mdi thanh phan mau co ban (R,
G, B). Cac may anh chi cd thé tin tai d6 phan giai tir 300 dén 600 dpi. Cac dinh
dang cua anh Raster la .JPG, .BMP, .TIFF, .PNG, .PSD, EPS, .PDF [3].

Khi xur ly céc anh Raster, chiing ta ¢ thé st dung phuong phap "Toan tir
lang giéng" hay con goi la "Toan tir hang x6m". Trong Hinh 1.3, cho mét kich
thugc hinh vudng (c6 thé 1a hinh chir nhat tly theo bai toan), ta thay toan ta o
lién quan dén cac diém lang giéng, lang giéng nam trong hinh chir nhat xung
quanh diém anh hién tai [3].

4 lang giéng 8 lang giéng
Hinh 3.3. Quan hé trong viing 1an cdn giita cdc diém anh
1.2. CAC PHUONG PHAP TRA CUU ANH
Sy phét trién cua cong nghé théng tin va su mé rong ciia mang ludi Internet
da dong thoi thic day sy phat trién cua khodng it cac nganh nghé khéc. Trong
linh vuc xt ly anh, c6 rat nhiéu phuong phéap tra cttu anh da duoc nghién ctu,
cai tién va phét trién, phuc vu cho nhu cau st dung anh s ngay cang lén cua
con nguoi.



1.2.1. Tra ctru dnh dya trén van ban

Anh s6 (digital Image) hay con goi 1a anh k¥ thuat sd, 1a mot don vi biéu
dién hinh anh, duoc ghi nhan bai cac thiét bi dién tir, dong thoi duoc luu trix
trong bd nhd cua cac thiét bi nay duoi dang dir li€u anh. Trong doi séng hién
dai, voi su phat trién nhanh chéng cua Internet, nhu cau st dung anh sd ngay
cang ting cao. Ching ta c6 thé d& dang nhéan thy sy hién dién cua anh sb trén
hau hét cac linh vuc cta doi song nhu y té, giai tri, an ninh, thuong mai, kién
truc, xay dung, gidao duc... van van. Nho su tién 191 cua Internet, ngay cang co
nhiéu dit liéu anh sé dugc dua 1én khong gian mang dé sir dung, chia sé va luu
trtt cho cadc muc dich khac nhau. Khong thé pht nhan nhitng b suu tap dir li¢u
anh s6 v4i s6 lugng 16n d cung cdp cho ching ta nhiing ngudn thong tin, tai
liéu phong pht va da dang. Tuy nhién, diéu ndy ciing da dat ra rat nhiéu van dé
khé khan va thach thirc. Vi du nhu trong mot co s¢ dit 1i€u anh rat 16n, 1am thé
nao dé ching ta c6 thé tim dugc nhanh nhat va dung nhét nhiig di liéu anh phu
hop véi muc dich st dung ctia minh ? Hay 1a 1am sao chiing ta c6 thé xac dinh
dugc liéu nhitng dir liéu anh dugc tim théy da dat dugc chat luong tdt nhu mong
mudn hay chua ? Hodc 1a ddi vai nhirng dir liéu anh dugc luu trit hoac dugce tim
thay nhung chat luong anh lai & muc chua t6t, 1am thé nao dé chung ta c6 thé
nang cao chat luong ctia nhitng dit liéu d6 1én murc dat yéu cau ?

Pé giai quyét cac van dé trén ma thuong gip nhat chinh 13 viéc 1am sao c6
thé tra ctru dugc anh mot cach chinh xac, ¢6 rat nhiéu phuong phép tra ciru anh
d3 dugc nghién ciru va ing dung vao thuc té. Tir nhitng phuong phép tra ctru co
ban va 1a nén tang cho rat nhiéu phuong phap tra ctru anh chuyén sau va mo
rong hon sau ndy. Tiéu biéu 1a phuong phap tra citu dnh dwa trén vin ban.

Tra ctiru anh du trén van ban hay con goi la tra ctru anh dua trén tir khoa -
TBIR (Text-based image retrieval) dugc bat dau tir nhitng nim 1960 va duoc
nghién ctru tich cuc vao nhitng nam 1970 [4]. Trong phuwong phap nay, hinh anh
duoc chu thich béng cac mo ta van ban va vi€c tra clru ching s€ dua trén vi¢c so
khdp (match) cac yéu cau truy van nguyén ban/nguyén van ciia nguoi dung véi

cac chu thich ciia van ban d6. Tuy nhién, phuong phap nay van c6 nhiing nhuoc



diém rat 16n. Thir nhat 13 trong mot co s& dit liéu 16n v6i nhirng hinh anh ¢6 qua
nhiéu chi tiét, thi viéc dénh chti thich cho mdi hinh 4nh mot 1a rat khé khan. Tha
hai 13 viéc danh chu thich van thuong dugce thyuc hién bﬁng cach thua cong cho
nén s& tén rat nhiéu thoi gian va hiéu suat truy van. Thir ba 1a viéc danh chu
thich c¢6 thé mang tinh chu quan do hoan canh tac dong, khong nhit quan, khong
day du, dan dén két qua tra vé co thé khong duoc dung nhu yéu cau.

Pé khic phuc cac nhugc diém ctia TBIR, thi CBIR hay con goi 1a phuong
phép tra ctru anh dya trén nodi dung da ra doi va sé duoc dé cap dén ¢ phan 1.2.2

ti€p sau.

1.2.2. Tra ciru anh dya trén noi dung

Tra ctu anh dya trén noi dung CBIR (Content-based image retrieval) duoc
gidi thiéu vao nam 1990 [5]. Pay 1a phuong phap tu dong truy van hinh anh k¥
thuat s6 tir co s& dit liéu 16n. CBIR sir dung ndi dung truc quan von cé caa hinh
anh dé thuc hién tim kiém, tra ctru va truy véan. Trai nguoc véi TBIR chu yéu sir
dung cac chu thich hinh anh bang phuong phéap thu cong di dugce dé cap phan
1.2.1 phia trén, CBIR xac dinh hinh anh bang cac dic diém ca phap duoc ty
dong rat gon. V&i su phat trién vuot bac cua cong nghé, bao gom sy mé rong
cua Internet va cac tién ich caa nd, sy pho bién cua céc thiét bi thu nhan anh ky
thuat s6 (vi du nhu may anh k§ thuat sd, dién thoai thdng minh may tinh), CBIR
d3 nhanh chong duoc phét trién dong thoi duoc ung dung trong nhiéu linh vuc
khac nhau lién quan dén thi giac may tinh (vi du nhu thiét ké d6 hoa) hay tri tué
nhan tao. Phuong phap nay & thoi diém hién tai ¢ thé hd tro nguoi ding truy
van hinh anh hiéu qua ma dung khdng can phai md ta hinh anh mot cach chu
quan, cong kénh, giam ty suat gap 15i khi tim kiém anh. Bac biét 1a co thé tra
ctru anh dé dang hon tir co s& dit liéu quy mé 16n chi véi mot hinh anh dau vao.
Qua d6 da cai thién dang ké kha nang sir dung cua hé thong tra ciru anh.

CBIR st dung cac dic diém truc quan (hay con goi 1a dic trung) cua hinh
anh nhu mau sic (color), hinh dang (shape), két ciu (texture) hay céc thong tin
khéng gian (spatial information) dé tim kiém hinh anh truy van tir co s¢ dix liéu
I6n. Tuy nhién, rat hiém dic trung riéng 1& c6 thé cho ra cac két qua chinh xéc



véi moi nhu cau. Do vay ta ¢ thé két hop cac dic trung lai dé tim duogc céc két
qua tra cau thich hop cho tng dung tra ctu anh dua trén néi dung.

1.2.3. Trich chon dac trung trong tra ctru anh

Trich chon dic trung bao gdm trich chon thong tin c6 nghia ctia anh. Piéu
nay gilp 1am giam dung luong luu trit, vay nén hé thong hoat dong sé nhanh va
hiéu qua hon, tiét kiém thoi gian truy van.

1.2.3.1. Pic trung mau sic

Hé thong CBIR duoc sur dung dé ty dong l1ap chi sé (index), tim kiém
(search), tra ctiu ( retrieval), truy van (query) va duyét (browse) co sé dit ligu
hinh anh. Mau sic 1a mot trong nhiing dic trung quan trong nhat duoc sir dung
trong hé théng CBIR.

Viéc str dung mau sac trong xur Iy hinh anh rat can thiét, béi vi mau sic 1a
mot bd miéu ta manh mé giup don gian hda viéc nhan dang va trich xuat ddi
tuong. Cam nhan mau sac phu thudc vao phd cia anh sang, trong dé, anh sang
nhin thay c6 dai phd rat hep, con anh sang véi tat ca cac thanh phan phé nhin
thiy c6 ning luong bang nhau s& cho ra anh sang trang [3]. B6 ndo cuaa con
nguoi ¢6 kha niang xt Iy hinh anh mau rat 16n, gitp cho ching ta cd thé phan
biét hang ngan sic thai va ¢6 dam nhat cua mau sac.

Xtr ly anh mau dugc chia thanh hai linh vuc chinh [6]:

Thir nhat 1a xt ly toan mau (Full color): hinh anh thu dugc bang cam bién
da mau, chang han nhu may anh TV mau hoic may quét mau. Viéc nay di tro
nén pho bién trong khoang mot thap Ky trg lai dy, do su san co, dé tim va gia
thanh ré cua cac cam bién mau (color sensors) va phan cang.

Tha hai 1a xur ly mau gia (Pseudo color): Gan mau cho mét loat cac cuong
d6 don sac cu thé hoic mot pham vi cuong do. Vi du, cac d6i tuong c6 céc gia
tri cuong d6 khac nhau c6 thé dugc gan cic mau khac nhau, diéu nay s& cho
phép con ngudi dé dang xac dinh hay nhan dang hinh anh.

Trong tra ciu anh theo ndi dung, c6 rat nhidu cach mé ta théng tin/dix liéu
mau khac nhau, bao gom: mau cha dao (dominant colors), ky hiéu mau (color



signatures), khoanh khic mau (color moments), khdng gian mau (color
spaces/color models) [7].

Hau hét cac khong gian mau (color spaces/color models) cé thé duoc &nh
xa thanh hé toa d6 2-D, 3-D hoac 4-D twong tu nhu hé toa d6 Descartes. Do vay,
mau sic ¢ thé dugc xem la cac toa do trong khdng gian 2-D, 3-D hoic 4-D. Céc
thanh phan mau trong khéng gian mau con dugc goi 1a kénh mau (color
channels). Phan sau cua luan van s& dé cap dén mot sé khdng gian mau pho
bién.

> a. Khéng gian mau

- Khéng gian mau RGB (Red — Green — Blue)

Khéng gian mau RGB dugc sir dung phd bién trong dd hoa may tinh va céac
thiét bi k§ thuat s6 (vi du camera mau, man hinh may tinh mau). Khong gian
dua trén hé toa do Descartes, 1a su két hop ctia ba mau sic co ban 1a mau do
(Red - R), xanh luc (Green - G) va xanh lam (Blue - B). N6 con dugc xem nhu
mot khéi 1ap phuong ba chiéu (nhu Hinh 1.4), véi ba mau tuong (ng véi ba goc
cta khoi 1ap phuong. Ngoai ra ca ba gia tri mau R, G va B di dwoc chuan hoa
trong pham vi [0, 1].

S6 bit duoc st dung dé biéu dién mdi pixel trong khdng gian mau RGB 1a
duoc goi 1a do sau pixel (pixel depth). Vi du, néu mdi hinh anh mau do, xanh luc
va xanh lam la hinh anh 8 bit, thi d6 sau pixel cua hinh anh RGB la 24 bit. Day
thudng dwoc goi 1a hinh anh day du mau sic. Co thé ¢ 2% =16,777,216 mau
sic doc dao trong hé théng RGB. [9]
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Hinh 4.4. Khdng gian mau RGB
- Khéng gian mau CIE:

Khong gian mau CIE 1a mot mo hinh khéng gian mau duoc tao ra bai Uy
ban Quéc té vé Chiéu sang co tén ddy du Commission Internationale de
I’Elcairage. Ngoai ra n6 con duoc goi la khong gian mau CIE XYZ hoac khong
gian mau CIE 1931 XYZ [10].

Khong gian mau CIE la mot hé thong anh xa sir dung tristimulus (su két
hop cua 3 gié tri mau gan véi gia tri do (red)/ luc (green)/ lam (blue)), duoc vé
trén khdng gian 3D. Khi cac gié tri nay dugc két hop véi nhau, ching c6 thé tai
tao bat ky mau ndo ma mat ngudi c6 thé cam nhan duoc. Piac diém ky thuat cua
CIE duogc cho 1a ¢ thé thé hién chinh x4c moi mau sic ma mét ngudi c6 thé
cam nhan dugc [10].

Trong khong gian mau L*a*b*, mau sic duoc biéu thi bang 3 gia trj sb. L*
cho d6 nhat (L-lightness) va a* clng b* cho c4c thanh phan mau xanh luc-do
(green-red) va xanh lam-vang (blue-yellow) tuong ung. Hé théng duogc thiét ké
dé doéng nhat kha niang cam nhan ddi véi thi gidc mau cia con ngudi. Ban than
khong gianmau CIE ciing 1a mot khong gian sb thuc 3 chiéu, do d6 bat ky su
bién d6i mau nao ciing c6 thé dugc biéu thi bang toa do L*a*b * [11].

- Khéng gian mau HSV:

Khong gian mau HSV 12 mot mé hinh mau hinh try, bién dbi cac mau co
ban RGB thanh céc chiéu dé hiéu hon dbi véi con ngudi. Ta cd thé chuyén doi
9



khong gian RGB sang HSV bang céach lay céc ga tri R, G, B chia cho 255 dé
thay doi dai tir 0...25 thanh 0...1 [3]. Khong gian mau HSV xac dinh mau sic
theo ba théng s6 mau sic. Trong d6:

+ H (Hue — Séic d6): Pic trung cho mau sic chi dao dugc ngudi quan sat
cam nhan, 1a thudc tinh lién quan dén budc séng chu yéu trong hdn hop cac
buéc song anh sang [3]. Sic d6 dugc do bang do tir 0 dén 360. Vi du: Mau do
roi vao khoang tir 0 dén 60 d6. Mau vang roi vao khoang tir 61 dén 120 d6. Mau
xanh 14 cdy roi vao khoang tir 121 dén 180 d6. Mau luc lam (cyan) roi vao
khoang tir 181 dén 240 d6. Mau xanh lam roi vao khoang tir 241 dén 300 do.
Mau d6 tuoi (magenta) roi vao khoang tir 301 dén 360 do [12].

+ S (Saturation — Do bdo hoa): Thé hién lwong mau trang dugc hoa Véi
sic d6 [3]. Po bdo hoa cua mot mau duge phan tich trén thang diém tir 0 dén
100 phan tram [12].

+ V (Value — P6 sang): Pic trung cho d6 roi cam nhan [3]. Tat ca céc
gia tri trong khoang tir 0 dén 1.

Hinh 1.5 m6 ta m6 hinh cua khdng gian mau HSV dang mot hinh chop
luc gidc nguwoc. M&i mat cat ngang cia nd 1a mot hinh luc giac. Mit trén 1a mot
hinh luc giac déu, thé hién su thay doi sic do theo huéng H, tir 0 do dén 360 do
1a toan bd quang phd caa anh sang nhin thay. Sau géc cua hinh luc giac dai dién
cho vi tri cta sau mau do (red), vang (yellow), luc (green), luc lam (cyan), lam

(blue) va do6 tuoi (magenta), mdi mau cach nhau 60 do [13].

Do bio hoa S duogc biéu thi bing hudng S tir taim dén ranh gidi luc giac,
va gia tri thay doi tir 0 dén 1. Cang gan ranh gigi luc giac, do bdo hdoa mau cang
cao. Mau cua ranh gidi luc giac 1a bao hoa nhat, tirc 1a S = 1. D bdo hda mau &
tam cua hinh luc giac 1a 0, tac 1a S = 0 [13].

Chiéu cao cta hinh chop luc giac (hay con goi la truc trung tim) dugc ky
hiéu 1a V, thé hién su chuyén mau den sang trang tir dudi 1én trén. Pay cta V
mau den, V = 0; dinh cia V mau trang, V = 1 [13].
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Hinh 5.5. Khdng gian mau HSV

> b. Biéu do mau

Bicu d6 mau (color histogram) 1a mét thuc thé 3D ma trong d6 mdi pixel
cua hinh anh (thay vi ting mau) duoc xac dinh bang mét tap cac bin. Khong
gian mau (color space) dugc chia thanh cac khdi thé tich bin, mdi khéi dai dién
cho mét dai mau [14].

Biéu dd mau c6 cau tric linh hoat. N6 ¢d thé dugc xay dung tir cac hinh
anh trong cac khong gian mau khac nhau vi du RGB hay rg chromaticity (day la
khdng gian mau hai chiéu duoc chuan hda cia RGB) hay bat ky khéng gian mau
nao khac thudc bat ky chiéu ndo. Biéu d¢6 caa mot hinh anh duoc tao ra dau tién
tién bang cach tly bién cac mau trong hinh anh vao mot sé bin va dém so pixel
hinh anh trong mdi bin. Vi du: sic do do (red) - xanh lam (blue). Trong linh vuc
xt Iy anh va nhiép anh, biéu d6 mau 1a su thé hién sy phan bé caa cac mau trong
mét hinh anh. B4i vai hinh anh ki thuat s6, mot biéu d6 mau thé hién sé lugng
pixel c6 mau trong mdi danh sach dai mau cd dinh, trai dai khong gian mau cua
hinh anh, tap hop tt ca cac mau cé thé co6 [14].

Biéu d6 mau cd thé duoc xay dung cho bat ky loai khéng gian mau nao,
mac du thuat ngir nay thuong dugc st dung cho khéng gian ba chiéu nhu RGB
hoac HSV. Bdi véi hinh anh don sic (monochromatic), thuat ngit biéu dd cuong

d6 (ntensity histogram) cé thé duoc st dung thay thé. B6i véi hinh anh da phd
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(multi-spectral images), trong d¢6 mdi pixel dugc biéu thi bang mot sé phép do
tdy ¥ (vi du: trir ba phép do trong RGB), biéu d6 mau 1a N chiéu, véi N 1a sb
phép do duoc thuc hién. Mdi phép do c6 dai budc séng riéng cua phd anh séang,
mét s6 c6 thé nam ngoai dai quang phé nhin thay duoc [14].

1.2.3.2. Pic trung két ciu

Két cau 1a thuat ngit chinh duoc sir dung dé xac dinh cac khéi niém hoic
d6i twong cua mot hinh anh nhat dinh va day 1a mot tinh ning quan trong cua
anh, hd tro tra citu anh mot cach hiéu qua hon. Tinh ning két cau duoc sir dung
dé phan ving hinh anh thanh cac viing quan tdm va phan loai cac ving d6. Bong
thoi nd ciing cung cap thdng tin vé su sap xép khéng gian cia mau sic hoic
cuong do trong mot hinh anh. Vi du nhu trong linh vuc thi giac may tinh ta cé
thé phan tich két cau dé nhan dang vat thé, nhan dang mau, nhan dang khudn
mat, phat hién khuyét tat bé mat, phan tich hinh anh y té hay tham my...

Phan tich két cau dong maot vai trd quan trong trong cac truong hop thi giac
may tinh nhu nhan dang vat thé, phat hién khuyét tat bé mat, nhan dang mau,
phan tich hinh anh y té... Ké tir d6, nhiéu phuong phap tiép can da duoc dé xuat
dé mo ta hinh anh két cdu mot cach chinh xac. Phuong phéap phan tich két cau
thuong duoc phan thanh bdn loai: phuwong phap thdng ké (statistical), phuong
phap cau trdc (structural), dua trén mé hinh (model-based) va dya trén bién dbi
(transform based).

1.2.3.3. Ddc trung hinh dang

Hinh dang trong thé gigi thuc 1a mot dac diém quan trong gidp cho con
nguoi ¢ thé nhan dang duoc su vat va sy viéc. Tuong tu trong quy trinh xir ly
anh, hinh dang ciing 1a mét dac trung quan trong. Pac trung hinh dang cua cac
ving hay cac ddi tugng da dugc sir dung nhiéu trong cac hé thong tra cau CBIR.
Khi so séanh véi dic trung mau sic va dic trung két cu, dic trung hinh dang
thuong dugc mo ta sau khi hinh anh di duoc phan doan thanh cac ving doi
tuong [15].

Muc dich cua dac trung hinh dang la mad héa cac dang hinh hoc don gian
(vi du nhu duong thiang khong dinh hudng). Cac phuong phap trich xuit dic



trung hinh dang cd thé duoc chia thanh hai nhém, bao gdm phuong phap dua
trén duong bién va phuong phdp dua trén vung. Phuong phap dua trén duong
bién tinh toan cac dic diém hinh dang bang céch chi sir dung ranh gidi bén ngoai
cta hinh dang. Con phuong phap dwa trén ving thi tinh toan cac dic diém hinh
dang bing cach sir dung toan b hinh dang cua ving.

1.2.4. Phan hdi lién quan trong tra ciru dnh

Phan hoi lién quan ( RF- Relevance feedback) vira 1a dic trung cua hé
théng truy hoi thdng tin Ian tra cu anh. Phan hoi lién quan trong tra ctu anh
dua trén noi dung 1a mot phuong phap ma phan héi vé hiéu niang/hiéu suat/hiéu
qua (performance) dang duogc str dung dé cai thién chinh né [16].

Y tuong caa phan hoi lién quan 1a dé nguoi dung tham gia vao qua trinh tra
ctru dé cai thién tap két qua cudi cung, tirc 13 dé cho ngudi dung dua ra phan hoi
vé muc d6 lién quan cua céc tai lieu/di liéu trong mot tap hop két qua ban dau.
Céc budc co ban trong phuong phap phan hoi lién quan 14 [16]:

- Nguoi dung dwa ra mét truy van (ngan, don gian).
- Hé théng tra vé mot bo két qua tra ciru ban dau.

- Nguoi dung danh diu mot sé tai lieu/dit liéu duoc tra lai 12 cé lién quan
hoac khong lién quan.

- Hé thdng tinh toan/udc tinh mot phép biéu dién tét hon vé nhu cau
thong tin (information need) dya trén phan hoi ciia ngudi ding.

- Hé théng hién thi mot tap hop cac két qua tra cau dd dugc hiéu chinh
tuong tng véi nhitng phan hdi dugc tra vé.

Phan hdi lién quan cd thé trai qua mot hay nhiéu vong lap. Qua trinh nay sir
dung ¥ twéng rang: "Co thé khd hinh thanh mét truy van tét khi ching ta khong
biét rd vé todn bo céc tap tai liéu/dir liéu, nhung rat dé dang dé danh gia cac tai
liéu/dix liéu cu thé. Do d6, viéc tham gia vao viéc sang loc truy van lp di lap lai
kiéu nay 1a rat hop ly." Trong kich ban nhu vay, phan héi lién quan ciing c6 thé
hiéu qua trong viéc theo ddi nhu cau thong tin dang phat trién cta nguoi ding.
Vi du nhu xem mot s6 tai liéu/di lidu c6 thé gitip ngudi ding cai thién von hiéu



biét cua ho vé thong tin ma dang tim kiém [16]. Hinh 1.6 da thé hién rd qua trinh
nay.

1) Tao mot truy van (ngén, don gian).

(2) Tra lai mot tap cdc két qua (4) Tinh todn
tra ctru ban dau mot dai dién
tot nhat cua

nhu céu thong
tin dua trén
phan hoi cua
nguoi dung

(3) Danh dau mot so tai lidu duoc tra
vé 1a lién quan hodac khong lién quan

(5) Hién thi mot tap cac két qua tra ctiru duge
hiéu chinh (twong tng vdi cac thong tin phan hoi)

Hinh 6.6. Thu tuc phdn héi lién quan

Tra ctu hinh anh sir dung phan hoi lién quan khong chi dé& dang xem dugc
két qua ngay tai noi da thuc thi cong viéc, ma ddy con 1a mién noi ngudi ding
c6 thé gap kho khan trong viéc hinh thanh nhiing gi ho mudn bang tir ngi,
nhung lai c6 thé dé& dang chi ra hinh anh c6 lién quan hoic khong lién quan.

Vi du, gia st nhu nguoi dung di nhap vao maot truy van khoi tao 1a bike.
Cac két qua ban dau da duoc tra vé va dit liéu trong truong hop nay 1a anh. Hinh
1.7 cho thay ngudi dung dd xem két qua truy van ban dau cho mot truy van vé
xe bike, chon két qua dau tién, thi ba va tha tu ¢ hang trén cung va két qua tha
tu ¢ hang dudi cing néu cd lién quan va giri phan hoi nay. Cac hinh anh lién
quan nay sé& duogc sir dung dé sang loc truy van (refine the query), trong khi céc
két qua hién thi khac khdng anh huong dén viéc tai dién dat (reformulation) lai
truy van [16].
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Hinh 7.7. Phan hai lién quan tim kiém trén cac dnh, nguoi ding xem cac
két qud truy van ban dau cua truy van bike
Hinh 1.8 chi ra c4c két qua dugc phan hang & trén theo tht tu méi duoc
tinh sau vong phan héi lién quan. Nguoi dung thay tap hop két qua da sta doi.
Do chinh xac duoc cai thién rat nhiéu [16].
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két qua duwoc hiéu chinh
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NGi tom lai, phan hoi lién quan s& dya vao kha ning cia ngudi diung dé
truyén dat nhitng danh gia cua ho vé muc do lién quan giira két qua tim kiém voi
cong cy tim kiém. Sau d6, cong cu tim kiém s& s dung nhitng phan hdi cua
ngudi dung vé mie d6 lién quan dé xay dung mot truy van téi wu, déng thoi s
dung no dé tra ctiru céc két qua da duoc cai thién rdi tra vé cho nguoi dung, hoic
c6 thé xép hang lai két qua. Muc dich caa phan hdi lién quan chinh 1a giam tai
cho nguoi ding khoi cac cong doan tim kiém qué phic tap, dy viéc nay cho cac
cong cu tim kiém va hd tro cac cong cu nay cho ra dugc két qua tét hon ding

nhu mong mudn cua ngudi dung [17].

Co ché caa phan hoi lién quan cho phép né sira doi lap di lap cac tham sé
khong gian (space parameter) va théng tin mé ta truy van, vi du nhu dic trung
(features), ngit nghia (semantics), phan 16p (classification), so khép mau
(matching models), so liéu (metrics) hay bat cir loai hinh siéu kién thuc (Meta
knowledge) nao. Tat ca nham muc dich dwa nguoi ding tiép can duoc gan Vai
nhitng truy van téi wu, day do chinh xac cia cong doan tim kiém Ién mac cao
nhat ¢ thé [17].

C6 4 co ché cho nguoi dung dé cd thé cung cap mic do vé phan hoi lién
quan [17]:

S6 1, phan hoi rd rang (Explicit feedback). Ngudi dung dua ra phan hdi rd
rang dé danh gia két qua truy van. Hé théng st dung né dé cai thién cong thirc
truy van.

S6 2, phan hoéi ngam (Implicit feedback). Hé théng thu thap di liéu nguoi
ding bang hai cach, mot 1a tir hanh vi ¢ thé quan sat duoc cia nguoi ding, hai
la xem xét ky lugng cac hoat dong cua ngudi dung trén chinh hé thong. Hoat
dong cua nguoi ding cd thé 1a: s dung cong cu dé tim kiém, tra cau va lua
chon hinh anh; diéu huéng trén web dé xem céc hinh anh hoic chon cac duong
link; st dung cac cong cu thao tac nhu la email, trinh soan thao van ban, xem
cac log file (mét dang nhu nhat ky cho phép chdng ta xem lai nhitng su kién da
xay ra trén hé thong), xem co s¢ dit liéu hoac tai liéu...



S6 3, phan hdi xép hang (Ranking feedback). Ngudi ding xem xét mot tap
hop con cac két qua tai mot thoi diém va “sdp xép” ching theo thu tu ma ho
nghi rang ching s& xuat hién. Theo mot nghia nao d6, ngudi dung dang thuc
hién nhiém vu cua hé théng tra ciu: dé nd md phong xép hang ma minh wu thich
hon. Phan hdi xép hang cung cap nhiing phan hdi tuyét voi cho hé thng tra ciu,
nhung c6 xu hudng gay ra ganh nang cho nguoi dung.

S6 4, phan hdi mu (Blind feedback), con dugc goi 1a phan hdi gia (pseudo
feedback) hoac phan hdi tu dong (automatic feedback). N6 bao gom viéc tu
dong hoa phan tha cong caa phan hdi lién quan, hé thong sé mé phong tuong tac
ctia ngudi ding bang cach gia dinh rang K két qua dau tién duogc hién thi 1a pho
hop va phan con lai thi khéng. Co ché phan héi gia gap phai viéc tim kiém hoi

tu dén muc toi vu cuc bd.

1.2.5. Mot s6 d§ do khoang cach

K§ thuat tra ciu hinh anh dwa trén noi dung 1a giai phap cho van dé tra ciu
hinh anh tir cac co s dir liéu lon. Y nghia cua tra cau hinh anh dua trén noi
dung (CBIR) la cac phan tich tim kiém anh s& dya trén noi dung thuc té caa hinh
anh cu thé d6 cht khdng phai 1 vin ban hay tir khoa duogc lién két vai no. CBIR
tra ciru hinh anh bang cach sir dung cac tinh ning cta dic trung, bao gdbm: mau
sac (color), hinh dang (shape), két cau (texture) hay cac thong tin khdng gian
(spatial information) hoic nhitng thdng tin c6 thé duogc tra ctu tu dong tir chinh
hinh anh. CBIR c6 thé st dung bat ky hoic két hop tat ca cac dic trung lai, sau
d6 tao thanh céc ky sé/ky hiéu (signature) md ta noi dung cua toan bd hinh anh.
Sau khi cac dic trung duoc trich xuat, n6 s& duoc luu trit trong co sé dir liéu dac
trung va cac phép do twong dong s& duogc sir dung dé xac dinh khoang cach giira
cac ky sd/ky hiéu cua truy van va tat ca cac hinh anh trong tap di lidu. Viéc nay
s& tra ciru cac hinh anh c6 khoang cach nhé hon dén hinh anh truy van, va tat ca
nhitng hinh anh dugc tra ctru nay déu I1a nhitng hinh anh quan trong di véi hinh
anh truy van [18].

Nhu vay ta c6 thé thdy rang, cac phép do twong ddng hay con goi 1a do do
tuong tu hoac do do khoang cach, dong mot vai tro quan trong trong qua trinh
tra ctu hinh anh dua trén noi dung. Boi né tinh toan sy twong dong truc quan



gitra hinh anh truy van va hinh anh trong co s& dir liéu dugc xép hang theo su
tuong ddng cta chdng véi hinh anh truy van. Cac d6 do khac nhau c6 tac dung
khac nhau trong mot hé thdng tra ciu hinh anh. Phan nay s& trinh bay so luoc
mot s6 d6 do khoanh cach thuong duoc su dung khi tra ciu anh.

Khi do khoang céch giira hai diém anh, khoang céch gitta hai diém anh p
toa do (x,y), q toa dd (s,t)|1a ham khoang cach (Distance) hoic Metric néu
[2]:
1.D(p,q) =20 (VéiD(p,q) = 0vachinup = q)

2.D(p,q) =D(q,p)
3.D(p,z) < D(p,q) + D(q,z); z lamdt diém anh khac
1.2.5.1. Dy do khodng cach Euclide

Khoang cach Euclide (Euclide Distance) 1a khoang cach ngan nhat gitra hai
diém. Cac gia tri khoang céch giira cac pixel so véi pixel dang xét duoc to chirc
nhu mét hinh tron. Khoang cach Euclide giira hai diém anh p(x,y) va q(s, t)

dugc dinh nghia nhu sau:

D, (p,q) = [(x —5)* + (y — t)*]"/? (1.1)

1.2.5.2. Pé do khodng cdch khoi dé thi

Khoang céch khéi db thi (City-Block Distance) con duoc goi l1a khoang
cach Manhattan, dy 1a tong gia tri tuyét d6i cua hiéu gitra hai toa do cua hai
diém. Céac gia tri khoang cach giira pixel so voi pixel dang xét duoc to chirc nhu
hinh thoi. Goi D,(p, q) 1a khoang céach gitra hai diém p, g ta ¢ cong thuc tinh

nhu sau:

D,(p,q) = |x —s|+ |y —t| (1.2)

Trong truong hop khoang cach khéi do thi, khoang cach gitta 2 diém duoc
xac dinh 1a tong khoang cach ta di doc theo huéng x cong véi khoang céch doc
theo huéng y. Tat ca cac diém c6 khoang cach khéi @b thi tir diém p nho hon
hoac bang mot sb gid tri r, s& tir mot trung tam hinh thoi c6 tam tai diém p. Vay



p la diém ¢ tam, thi tat ca cac diém c6 khoang céach khéi d6 thi, ching 1a 4 1an
can cua diém p. Tuong tu, tat ca cac diém c6 khoang cach khdi khéi db thi bang
2, chiing chi don gian 1a cac diém & khoang céch 2.

1.2.5.3. Dj do khodng cdch ban co

Khoang cach ban co (Chess-Board Distance) 1a khoang céch 16n nhat giira
hai tri tuyét d6i cua hiéu hai toa d6. Céc gia tri khoang céach giira pixel so véi
pixel dang xét duoc té chie nhu hinh vuéng. Goi Dg(p, ¢) 1a khoang giira diém
anh p, g ta c6 cong thirc tinh nhu sau:

Dg(p, q) = max(|x —s|), |y — t]) (1.3)

1.2.5.4. D¢ do khodang cach Minkowski

Khoang cach Minkowski la phép do khoang cach / 6 twong tu gitra hai
diém trong khong gian vecto chuan (khdng gian thuc N chiéu). N6 con la tong
quéat ciia khoang cach Euclide va khoang cach City-Block. Véi p 1a mot tham sé
khac 0, p = 1 la khoang cach City-Block con p = 2 la khoang cach Euclide,

khoang cach dugc xac dinh nhu sau:

D = ((fx = s + (ly — ¢P)P (4)

1.3. KIEN TRUC CUA HE THONG TRA CUU ANH

Hinh 1.9 dd minh hoa mét kién trac dién hinh cua mot hé thong tra ciu anh
dua trén noi dung. Hé théng bao gom hai giai doan: giai doan ngoai tuyén va
giai doan truc tuyén [4].

Trong giai doan ngoai tuyén, hé thong ty dong trich xuat dic trung cua
tung hinh anh trong co so dir liéu va luu trir ching trong co sé dit liéu dac trung
(cac ddc trung cta hinh anh duoc trich xuat va biéu dién bang cac vector dac

trung).

Trong giai doan truc tuyén, ngudi ding nhap mot truy van hinh anh vao hé
théng. Céc dic trung cta hinh anh truy van duoc trich xuat va biéu dién. Su



tuong dong dugce do gitta vecto dic trung cta hinh anh truy van va vecto dic
trung cua anh trong co s& dir liéu. Sau d6, qua trinh tra ciru dugc thuc hién bang
cach &p dung mot luoc dd 1ap chi sb dé tim kiém co s¢ dit liéu hinh anh mot
cach hiéu qua.

Cudi cung, hé théng tra vé nhitng hinh anh gidng nhat véi hinh anh truy
van,

- | Trich xuét
Anh i 7| dac trung

Co s& di liéu
dac trung

Giai doan ngoai tuyén

Truy van Trich xuat
hinh anh dac trng

Hinh anh < bo do
tra ctru twong ddng

Lap chi sb

Giai doan trwe tuyén

Hinh 9.9. Kién tric cua hé thang tra cizu anh dia trén ngi dung
1.3.1. Cac van dé nghién ciru dwoe quan tam
Cac van dé nghién cau va phat trién trong CBIR rat da dang va rong mo,
trong s6 d6 c6 khong it chi dé c6 lién quan va duoc (ng dung trong linh vuc
khai pha dir liéu (data mining) hay truy hoi théng tin (information retrieval).
Mot s6 van dé duoc quan tdm nhat hién nay la [19]:

1. Hiéu duoc nhu cau caa nguoi dung hinh anh va hanh vi tim kiém théng
tin.

2. Xac dinh dugc cach nhan dang phu hop dé md ta noi dung hinh anh.
3. Trich chon cac dac trung tir hinh anh thé.
4. Cung cap dung lugng luu trir nhé gon cho co so dix liéu hinh anh 16n.

5. So khép truy van va hinh anh duogc luu trir bang cach anh xa/phan chiéu

cac phan doan giéng nhau cua con nguoi.



6. Truy cap hiéu qua tép hinh anh dugc luu trir theo noi dung.

7. Cung cap cac giao dién ma con ngudi ¢ thé sir dung dugc cho hé théng
CBIR.

8. Lap chi sé hiéu qua va tim kiém nhanh hinh anh dya trén cac dic trung
truc quan.

O muc sb 7, ddi vai tra ciu hinh anh dua trén noi dung, tuong tic cua
ngudi ding véi hé thdng tra cau 1a rat quan trong bai ta chi c6 thé co duoc su
hinh thanh va stra d6i linh hoat cac truy van bang cach cho ngudi ding tham gia
vao qua trinh tra ctu. Giao dién nguoi ding trong hé théng tra ciu hinh anh
thuong bao gém phan xay dung truy van va phan trinh bay két qua [20].

Cac hinh thuc truy van thuong duoc st dung la: duyét theo danh muc
(category browsing), truy van theo khai niém (query by concept), truy van bang
phac thao (query by sketch) va truy van bang vi du (query by example). Duyét
theo danh myc 12 duyét qua co s dir liéu theo danh muc caa anh. Truy védn bang
khai niém 14 tra ctru hinh anh theo md ta khai niém duoc lién két véi mdi hinh
anh trong co s& dit liéu. Truy van bang phac thdo va truy van bang vi dy 1a vé
mot ban phac thao hoic cung ciAp mét hinh anh vi du ma tir 6 cac hinh anh c6
cac dic diém truc quan twong tu s& duoc trich xuat tir co s dir liéu. Truy vdn
bang ban phéc thao cho phép ngudi dung vé ban phac thao hinh anh bang cong
cu chinh stra d6 hoa dugc cung cap boi hé thdng truy xuat hoic mot s phan
mém khéc. Truy van bang vi du cho phép ngudi ding hinh thanh truy van bang
cach cung cap hinh anh vi du [20].

O muc s6 8, chi s trong CBIR ciing déng mot vai trd vo cling quan trong.
Hinh anh duoc xay dung twong ng Vai gia tri chi sé trong mdi pixel dya trén sy
két hop cua cac gia tri do sang trong kénh nhat dinh. Lap chi sé (Indexing) la
mot ky thuat trong d6 chi s6 co sé dir liéu caa mdi hinh anh duoc duy tri & dinh
dang bang c6 thé duoc sir dung dé truy cap va tim bat ky hinh anh nao [20] Céc
ki thuat 1ap chi s6 hiéu qua vai mot s6 cau trlc dir liéu nhu R*-tree, Quad-tree,
K-d-tree, Grid... déu la nhitng van dé rat dugc quan tdm hién nay.



1.3.2. Mt s6 hé thong tra ciru anh dua trén ndi dung

1.3.2.1. Hé thong QBIC

Hinh 10.10. H¢é thong QBIC

QBIC hay Query By Image Content (Truy van bang noi dung hinh anh) do
hdng IBM va trung tam nghién ctu ALmaden hop tac phét trién. Pay 1a ung
dung cua thi giac may tinh vao bai toan tra ciru anh, tac 1a bai toan tim kiém sé
hinh anh trong co s& dit liéu 16n va tim kiém s& dya trén phan tich noi dung thyc
té cua anh. Hé thong QIBC cho phép nguoi dung st dung nhiing cong cu d6 hoa
dé mo ta va hiéu chinh truy van trén nhiéu dic trung nhu 1a mau sic, hinh dang,
két cau [21].

C6 ba cong doan trong quy trinh cia mot ng dung QBIC: tap hop co sé dir
liéu (database population), tinh toan dic trung (feature calculation) va truy van

hinh anh (image query) [22].

Budc dau tién trong viéc tap hop co sé dir lidu 1a chi can tai cac hinh anh
vao hé thdng. Diéu nay lién quan dén viéc thém hinh anh vao co s& dit liéu. Vi
du, ta c6 thé chuan bi mét hinh anh thu nho (thumbnail) 100x100 duoc giam bét
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va thém bat ky thdng tin ndo tir vin ban ¢ sn vao co so dir liéu. Viéc nhan
dang dbi tugng/phan tir 12 mot phan khong bét budc cua budc nay. Hé thdng
QIBC cho phép nguoi ding xac dinh thu cdng hoic ban tu dong cac dbi tuong
(object), khu vuc (area) hoac cac canh (edge) guan trong trong mot canh cua
hinh anh bang cach sir dung chudt. Bén trong mdi dbi tugng hoic khu vuce duoc
xac dinh sé tro thanh mét binary mask. Binary mask sé€ xac dinh vung quan tam
(ROI - region of interest) cua mot hinh anh. Budc thi hai la phéc thao twong tac
(Interactive Outlining). Trong thao tic nay, ngudi ding cung cap mot sé thong
tin ban ¢au ma hé thong sir dung, cling véi cac phuong phéap phan tich hinh anh,
dé tinh toan phac thao dbi tuong. [22]

Quy trinh tinh todn ddc trung do hé thdng thuc hién. Cac dic trung bao
gom mau sic, két cau, hinh dang. QBIC tinh toan biéu do mau (color histogram)
qua cac dic trung mau va dic trung két cau cia nd dua trén khong gian dic
trung ba chiéu: do thd (coarseness), tuong phan (contrast) va dinh huéng
(directionality). Pbi véi dic trung hinh dang, QBIC su dung két hop tinh tuan
hoan, do léch tam, hudéng truc chinh va mot tap hop cac dai so bat bién. [23]

Khi tap hop cac dic trung cho cac ddi twong va hinh anh d3 duoc tinh toan,
cac truy van hinh anh c6 thé dugc chay. QBIC hd tro truy van toan canh (full
scene query). Cac ham tuong tu ma né str dung cha yéu 1a céc chi sé vé khoang
cach, vi du nhu City-Block, Euclidean. QBIC ciing hd trg truy van bang phac
thao (query by sketch), thuc hién bing cach ghép cac canh do ngudi dung vé dé
tu dong trich xuat cac canh tir hinh anh trong co sé di liéu [23].

1.3.2.2. H¢ théng Photobook

Hé thong Photobook 1a mot bo cdng cu tuong tac danh cho duyét, truy van
tim kiém hinh anh cung video clip dugc phét trién tai phong thi nghiém truyén
théng MIT. Giéng nhu QIBC, Photobook hoat dong bang cach so sanh cac dic
trung duoc trich xuét tir hinh anh, bao gdém dic trung hinh dang, két cau va mau
sic duoc trich xuat twong tng. Cac tiéu chi so khop bao gém Euclidean,
Mahalanobis, phan ky (divergence), biéu dd (histogram), cac dinh Fourier hozic
bat ky su két hop tuyén tinh nao caa ching [23][24].



Photobook c6 ba kiéu mé ta hinh anh, gidng nhu ba khéi con (sub-books),
ngudi dung c6 thé truy van hé thong dua trén cac dic trung tir ba khéi con nay.
M0 ta ngoai hinh dugc ap dung cho co s¢ dir liéu khudn mat va khung hinh
chinh. M6 ta két cdu dugc &p dung cho két cdu Brodatz - tap dir liéu két cau
duogc sir dung rat phd bién, dic biét 1a trong linh vuc xi Iy tin hiéu va thi giac
may tinh va khung hinh chinh cua co s& dir liéu. M6 ta hinh dang dugc ap dung
cho cdng cu thu cong va co sd dir liéu fish (FishBase) - co s dit liéu toan cau va
truc tuyén 16n nhat vé cac loai ca (dic biét 12 bo cé vay tay) [23][24].

Pic trung chinh ctua Photobook 1a n6 bao gém ca FourEyes (Minka 1996).
FourEyes | phién ban phat trién cia Photobook, né bao gém phan héi lién quan
(relevance feedback) [23][24].

1.3.2.3. H¢ thong VisualSEEK va WebSEEK

Hé thong VisualSeek 14 mot phan cua hé thong CBVIR (Content-based
visual information retrieval — Tra cau thong tin truc quan dua trén noi dung)
duoc phat trién tai dai hoc Columbia. N6 hd trg c4c truy van duya trén cac dic
trung truc quan va cac mdi quan hé khdng gian (spatial relationship). Phién ban
hién tai cua VisualSeek chu yéu danh cho viéc tim kiém hinh anh théng qua
World Wide Web va n6 c6 kho Iuu trix 1€n tgi 12000 hinh anh [23].

VisualSeek bao gdm ba phan. Phan mét 1a client application hay #ng dung
khach, day 1a mot bo trng dung Java, thuc thi trong trinh duyét WWW, thu thap
truy van tir nguoi dung va tao chudi truy van (query string). Phan hai la network
and communication application hay zng dung may chi, n6 xt ly tat ca thong tin
lien lac théng qua WWW. Phan ba Ia server appilaction hay #ng dung may cha,
n6 nhan chudi truy van va tra vé két qua cho nguoi dung. Chuong trinh may chi
tao code Hypertext Makeup Language (HMTL) hién thi két qua truy van cho
ngudi dung [24].
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Hinh 11.11. H¢é thong VisualSeek

WebSEEK 12 mét hé thdng truy van anh va video dua trén noi dung dong
thoi 12 mot cdng cu tim kiém cho World Wide Web duoc phat trién tai dai hoc
Columbia. N6 thu thap hinh anh va video bang cach st dung mét sb tac nhan
Web tu dong, tu dong phan tich, 1ap chi sé va gan hinh anh va video cho cac 16p
cha dé. Hé théng nay sir dung dong thoi ca thong tin vian ban 13n hinh anh dé
cung cap cho viéc lap danh chi s 1an tim kiém hinh anh va video [25].

Mot hé théng Webseek s& ¢6 nhitng chiic ning sau: Tim kiém sir dung k¥
thuat dya trén noi dung hinh anh; Sta di truy van bang cach st dung phan hoi
lién quan dua trén ndi dung, Tu dong thu thap thong tin truc quan; Trinh bay
nho gon hinh anh va video dé hién thi két qua truy van; Tim kiém cha dé hinh
anh va video cung diéu huéng; Tim kiém dya trén vin ban. Két qua tim kiém
bao gom ca cac thao tic nhu twong giao (intersection), loai trir (subtraction) va
ghép ndi (concatenation). Hién tai, hé thong Weekseek di 1ap danh muc hon
650.000 hinh anh va 10.000 video tir Web [25].
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Hinh 12.12. Hé thong WebSeek
1.3.2.4. Hé théong Virage

Virage hay Virage Engine 12 mot cong cu tim kiém hinh anh dua trén noi
dung thuong mai duoc phét trién tai Virage, Inc va duoc thuc hién tai dai hoc
California tai San Diego. Pay la mot cdng cu mé, ¢ Kién trac di dong va co thé
ma& rong dé két hop véi bat ky mién cu thé nao trén luge d6 (schema) [24].

Virage &p dung ba cap do triru tugng hoa théng tin cho hinh anh: Hinh dnh
thd hay raw image (cap do6 dai dién hinh anh); Hinh dnh da xir Iy hay processed
image (cap d6i tugng hinh anh); Pdc diém nguwoi ding di quan tam (cap do doi
tugng mién). Cac dic trung truc quan duoc tinh toan cua hinh anh c6 tén 13
"Nguyén thay (primitives)". Mot s dic trung nguyén thity phd bién cua Virage
la global color, local color, ciu tric va két cau [24].

Virage duoc chuyén giao dudi dang théng ké hoic thu vién cé thé lién két
dong cho nhiéu nén tang khac nhau nhu SUN, SGI, Windows va MAC. Thu
vién ndy chira nhiéu dang co so dir liu va tng dung framework khac nhau.
Nhitng co sé dit liéu nhu Oracle, Sybase hay cac cong cu tong hop va xu ly hinh
anh nhu Photoshop, CorelDraw déu c6 thé sir dung cho Virage dé tra ctu va
quan ly hinh anh [24].



1.4. LINH VUC UNG DUNG CUA TRA CUU ANH

Trong x& hoi hién dai, khi nhu cau st dung anh sb ngay cang tré nén phd
bién thi cac hé théng tra ciu anh ciing duoc nghién cau, phét trién va cai tién
mdi ngay. Chung ta co thé dé dang tra ciu hinh anh théng qua cac app tng dung
trén di dong vi du nhu Google Lens, hoic st dung cac trang tim kiém nhu 1a
trang http://images.google.com/. C4c hé thdng nay sir dung da dang cac truy van
dau vao nhu cha thich anh, hoic két hop caa nhiéu dic trung nhu mau sic, két
cau, vi tri khéng gian...

Tra cttu anh duoc sir dung hiéu qua trong linh vuc an ninh diéu tra. Mot s6
co s¢ dit liéu phuc vu cho cdng viéc nay: cung cap cong nghé xac minh danh
tinh - (http://www.viisage.com/), dau van tay - (http://www.east-shore.com/),

dau chan (http://www.fosterfreeman.co.uk/sicar.html)

Ngoai ra, tra cttu anh ciing c6 thé dugc ¢ng dung trong linh vuc y té sic
khoe - (http://www.brisbio.ac.uk/), don cur la trong cac hoat dong kham chix
bénh nhu siéu am, chup cét 16p, chup cong huong, chup nhii anh, chup X-quang.
Théng qua céc hinh anh duoc chup chiéu va phan tich, bac si ¢ thé dwa vao d6
dé tién hanh phuong phap diéu tri bénh phd hop cho bénh nhan. Khéng chi vay,
tra ciru anh con c6 thé duoc sir dung trong linh vuc dia - vat ly, vi du nhu nghién
ctru dia chat. Hoac rong hon nira 1a nganh khoa hoc vii tru, ta ¢d thé chup duoc
anh ngoai vii try thdng qua kinh vién vong. Khong chi thé, tra ctru anh con duoc
st dung trong linh vuc my thuat do hoa, phim anh, trd choi dién tir, van van.

Két luAn Chwong 1: o
Trong ky nguyén céng nghé 4.0, c&c yeu to nhu Internet van vat (Internet

of things), Tri tué¢ nhan tao (Artificial intelligence), va Dt liéu I6n (Big data)
ngay cang tro nén quen thuoc. Internet xuat hién tao nén mot sy doi méi trong
cong cudc tim kiém, luu trir va chia sé théng tin. Anh sé 12 mot dang thong tin
duoc sir dung rat phd bién. Su tién dung cua cac co sir dir liéu anh sé yéu cau
nhitng phuong phép tra cu phii hop. Chuong 1 cta luan van da trinh bay mot sé
khai niém, thuat ngit, cac phuong phap tra ciru anh co ban, bao gébm: tra cttu anh
dua trén van ban, noi dung, két hop véi mot sé d6 do khoang céch, ky thuat
phan héi lién quan. Pay 1a chuong nén tang dé ma rong nghién ctu sang céc

chuong tiép.


http://www.viisage.com/
http://www.east-shore.com/
http://www.fosterfreeman.co.uk/sicar.html

CHUONG 2. CAC PHUONG PHAP TRA CUU ANH DUA TREN NOI
DUNG VA PHUONG PHAP PHAN HOI LIEN QUAN

2.1. GIOI THIEU

Trich chon dic trung (Feature Selection) 1a mot ky thuat duoc st dung rat
rong réi trong cac nganh khoa hoc, dac biét 1a nganh khoa hoc lién quan dén dix
licu. Co ché cua trich chon dic trung, chinh 1 1am giam di cac yéu té dau vao dé
xt Iy va phan tich, hodc tim kiém céc yéu té dau vao ¢ y nghia nhat. Muc dich
cua viéc nay 1a dé lya chon cac dic trung phu hop nhat, cai thién hiéu suit mé
hinh dy doan va lam chi phi tinh toan caa mé hinh.

Vi duy, trong linh vuc tri tu¢ nhan tao (Al - Artificial intelligence), khi xay
dung md hinh hoc may (machine learning) trong doi thuc, rat hiém coé truong
hop ma tat ca cac bién trong tap dir liéu déu hiru ich dé xay dung mé hinh. Viéc
c6 thém cac bién du thira s& lam giam kha niang tong quat hda caa md hinh va
cling c6 thé lam giam do chinh xac téng thé cua bo phan loai (classifier). Hon
nira, viéc thém ngay cang nhiéu bién vao mot mé hinh s& lam tang do phac tap
tong thé ctia chinh mé hinh do.

Vay nén viéc trich chon dic trung & day l1a rat can thiét. Trich chon dic
trung khong chi lam cho qua trinh hoc may chinh xac hon, ma con lam tang kha
ning du doan cua céc thuat toan bang céch chon cac bién quan trong nhat, déng
thoi loai bo nhitng bién du thira va khong lién quan.

2.1.1. Trich chgn dac trung s dung cac phwong phap goi (Wrapper
methods)

Phuong phap goi phu thudc vao hiéu suat caa cac bo phan loai (classifier)
dé thu duoc mot tap hop con dic trung. Phuong phap goéi chon tap hop con dac
trung bang cach st dung thuat toan cam tng (induction algorithm) nhu mot hop
den (tc 1a khéng can kién thac vé thuat toan, chi can giao dién 1a dugc). Do
chinh xac cta bo phan loai cam tng duoc udc tinh bang cach sir dung cac ky
thuat wdc tinh d6 chinh xac. Véan dé chinh cua phuong phap goi 1a tim kiém
khong gian trang théai va cac cong cu tim kiém khéac nhau cho cac phuong phap
khéac nhau [26].



S6 lwong ky thuat tim kiém khac nhau c6 thé dugc sir dung dé tim tap hop
con tt nhat cua cac dic trung tdi da hoa hiéu suit phan loai. Vi du: Phuong
phap nhanh va rang budc (Branch and Bound); Thuét toan di truyén (GA -
Genetic Algorithm); Téi wu bay dan (PSO - Particle Swarm Optimization). Muc
tiéu cua tim kiém 12 tim trang thai c6 danh gia tdi da, sir dung phuong phap thir
va sai (trial and error) dé hudng dan né. Thugt toan lira chon tudn tir (Sequential
selection) va thugt toan tim kiém tién hoa (Evolutionary search) 1 hai loai chinh
cua phuong phap Wrapper [26].

Thudt toan lya chon tuan te tim cac dic trung téi thiéu (hoic tdi da) bang
cach lap lai quy trinh. Thuét toan chon tinh niang tuan tu (SFS - Sequential
Feature Selection) bat dau vai mot tap hop trong va thém mot dic trung cho
budc dau tién dé ting hiéu suat cua ham chic niang. T budc tha hai tro di, cac
dic trung con lai duoc thém riéng Ié vao tap hop con hién tai va hiéu suat cua
tap hop con mai duoc tinh toan. Bang quy trinh nay, ta ¢d thé tim thay tap hop
con dic trung tot nhat mang lai do chinh xac tdi da cua bo phan loai [26].

Muc tiéu cua thugt toan tim kiém tién hoa la tao ra mot giai phap trong mot
khung thoi gian hop 1y du tét dé giai quyét van dé trong tam tay. Cac thuat toan
tim kiém tién hoa danh gia cac tdp hop con khac nhau dé téi wu hoa hiéu suat
ctia ham muc tiéu. C4c tap hop con dic trung khac nhau duoc tao ra bang cach
tim kiém xung quanh trong khdng gian tim kiém hoic bang cach tao ra cac giai
phap cho van dé t6i wu héa. Cac thuat todn tién hda duwa trén nhiing ¥ tuong cua
qua trinh tién hoa sinh hoc, chiang han nhu tai tao (reproduction), dot bién
(mutation) va téi t6 hop (recombination), dé tim kiém giai phap cua mot bai toan
t6i wu hoéa. Vong 1ap chinh cua cac thuat toan tién hoa bao gom cac budc sau
[26]:

- Buéc 1, khdi tao va udce tinh tap hop ban dau.

- Budc 2, thuc hién lua chon canh tranh (competitive selection).

- Buéc 3, 4p dung c4c toan ti tién hoa khac nhau dé tao ra cac giai phap
moi.

- Budc 4, uéc tinh cac giai phap cho tap hop.



- Budc 5, lap lai tir bude tht hai, cho dén khi mot s tiéu chi hoi tu duogc
dap ang.

M6 hinh hoat dong ctia phuwong phéap géi duoc thé hién trong Hinh 2.1:

Tao tap con dic trwng tét nhat
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Hinh 2. 1. So do khoi phwong phdp Wrapper
Mot s6 vi du phé bién cua phuong phap goi:

- Lya chon chuyén tiép (Forward Selection): Lua chon chuyén tiép 1a mot
phuong phap lip di 1ap lai. N6 dwoc bat dau véi viéc khong co dic trung nio
trong mé hinh, tic 1a tap hop cac dic trung tréng. Sau mdi lan thuc hién vong
lip, cac dic trung tot nhat s& duoc lva chon ra va thém vao trong tap tréng.
Nhuoc diém chinh ky thuat nay 12 khong thé loai bo cac dic trung khong quan
trong sau khi b sung cac dic trung khac.

- Loai bo theo chiéu nguoc (Backward Elimination): Trong loai bo theo
chiéu nguoc, quy trinh bit dau véi tat ca cac dic trung cua dir liéu. Sau mdi
vong lap thi nhitng dic trung it quan trong nhat s& duoc loai bo dé cai thién hiéu
suat ctia md hinh. Loai bo theo chiéu nguoc hoat dong tét nhat vai mot sb luong

|6n cac dac trung trong tap dir lidu.

- Loai boé dac trung dé quy (Recursive Feature elimination): Pay la mdt
thuat toan toi wu hoa tham lam (greedy optimization) véi muc dich tim ra tap
hop con dic trung hoat dong tt nhat. Trong cac vong lip, nd lién tuc tao ra cac
md hinh, xac dinh va giit lai cac dic trung tot nhat hoic té nhat. Sau day, n6 xay
dung mé hinh tiép theo vai cac tap dic trung duoc chon cho dén khi tit ca cac
dic trung da duoc sir dung hét. Cudi cing, nd xép hang cac dic trung dua trén
thir tu loai bo cua ching. Ddi véi truong hop xau nhit, gia st nhu c6 mot tép dir



liéu vai s6 luong dic trung 1a K, thi phuong phap loai bo dé quy nay c6 thé tim
kiém 1én t6i 2° t6 hop thudc tinh.

2.1.2. Trich chon dic trung st dung cac phwong phap loc (Filter methods)

Phuong phap loc (Filter method) loc thuong duoc st dung nhu mdt budc
tién xir Iy. Phuong phap loc danh gia mirc d6 lién quan cua cac dic trung bang
cach sir dung quy trinh xép hang hay phuong phap xép hang bién sé (variable
ranking) l1am tiéu chuan dé chon bién s theo thtr tu. Céac dic trung dugc xép
hang dya trén diém cua chlng trong cac bai test thong ké khac nhau vé méi
tuong quan cua ching véi 16p (class). Cac dic trung dat diém dudi mot ngudng
nhat dinh s& bi xda, trong khi cac dic trung dat diém trén ngudng do6 s& duoc
chon. Tap hop con cac dic trung dugc chon cd thé tro thanh mot vao dau vao
cho thuat toan phan loai da chon.

Céc phuong thuc loc duoc cho 1a nhanh, ¢ thé mé rong, tinh toan don gian
va doc 1ap voi bo phan loai. Ngoai ra thi ky thuat xép hang thdng ké (statistical

ranking) cling dugc st dung.

Quy trinh ctia mot mé hinh loc duoc thé hién trong Hinh 2.2:

TAP CAC oy ChONtAD  ammfp Thuit todn emmp Hiéu suit
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Hinh 2. 2. So dé khoi phwong phdp Filter

Khong giéng nhu phuong phap goi (wrapper) ¢ phan 2.1.1 hay phuong
phap nhing (embedded) s& duoc gii thiéu ¢ phan 2.1.3, phuong phéap loc
(filter) doc lap va tach biét vai thuat toan phan loai. Sy tach biét nay cé nghia la
cac phuong phap loc khéng bi anh huong baéi su thién vi hay su chénh 1éch cua
bo phan loai (classifier’s bias), ma diéu nay lam giam viéc trang bi qua muc
(overfitting). Tuy nhién, su doc lap nay cling c6 nghia la su twong tac véi bo
phan loai khong dugc xem xét trong qué trinh lya chon dac trung. Do vay tap
dic trung duoc tron s& tong quat hon va khong duoc tinh chinh cho phi hop véi
bat ky bo phan loai cu thé ndo. Viéc thiéu diéu chinh nay lam cho cac phuong
phap loc ¢6 xu hudng tao ra cac mé hinh 1am giam hiéu suat du doan so voi céc
mo hinh duoc tao ra boi phuong phap loc hay phuong phap nhing [27].



Uu diém chinh phuong phép loc so véi cac phuong phép lya chon dic
trung khéac 1a chung thuong it doi hoi tinh toan hon va do d6 c6 thé dé dang
duoc chia ty 1¢ thanh kiéu da ligu c6 chiéu rat cao hay high dimensional data.
Pay 1a kiéu dir lieu cd sb lugng dic trung vuot qua sb luong quan sét
(observation) [27].

Céc phuong phép loc duoc chia thanh hai loai: phwong phdp loc don bién
(univariate filter) va phirong phdp loc da bién (multivariate filter). Cac phuong
phap don bién danh gia cac dic trung mot cach doc lap, do d6 bo qua cac phu
thugc cua déi twong va dan dén cac tap con tinh niang kém. Khong giéng nhu
cac phuong phap don bién bo qua cac phu thudc dic trung va tuong tac véi
thuat toan phan loai, cac phuong phap da bién xem xét hai yéu té nay & mot mirc
d6 nhat dinh [28].

Phan dudi day sé& gigi thiéu mot sé phuong phap loc phd bién, trong do,
2.1.2.1 va 2.1.2.2 nam trong phwong phdp loc don bién va 2.1.2.3 va 2.1.2.4
nam trong phuong phdp loc da bién [29].

2.1.2.1 Information Gain (1G)

Information Gain (IG) hay dé loi thong tin, day la mot phuong phap dua
trén ly thuyét thdng tin cua entropy, duoc sir dung rong rai trén di lidu chiéu
cao hay high dimensional data, vi du nhu phan loai van ban. Entropy la don vi
do luong tinh ngau nhién hay sy réi loan cuia mot hé théng. Phuong phap IG tinh
toan luong thong tin theo timg bit lién quan dén du doan 16p (class prediction),
trong truong hop khi théng tin duy nhat c6 san 1a sy hién dién cua mot bién va
muc tiéu phan bd (hoic 16p) twong timg Ngoai ra, n do luong mic giam entropy
du kién dé quyét dinh mac d6 quan trong ctia mot dic trung nhét dinh. Mot ham
entropy tang khi phan bo 16p tré nén thua thét hon va no c6 thé duoc ap dung dé
quy dé tim c4c tap con entropy. Phuong trinh sau cung cap mét ham entropy
thoa man hai yéu cau:

H(D) = —zﬁlog (E) (2.1)



Trong d6 D 14 tap dix liéu, n 1a sé thuc thé/ddi tugng/phién ban (instance)
c6 trong D, n; 1a dai dién cho c4c thanh vién trong 16p i, C 1a sé 16p. Phuong
trinh tiép sau day biéu dién entropy cua cac tap con:

]

H(DIX) = Z — H(D|x — x;) (2.2)
J

Trong d6 H(D|x — x;) dai dién cho entropy twong quan véi tp con cua

cac thuc thé/ddi twong/phién ban, véi gia dinh 12 gia tri x; cho déc trung x. Vi

du: Khi x cung cap mot mé ta tot vé 1op (class), gid tri dugc lien két voi dac

trung d6 s& gia dinh mot gia tri thap cua entropy trong phan phdi 16p cua né.

Cudi cung, IG duogc dinh nghia 13 sy giam entropy nhu sau:
IG(X) =H(D)— H(D|X) (2.3)

Gia tri cao cia IG chi ra rang X la mot dic trung quan trong dbi véi hién
tugng dugc xem Xet.

2.1.2.2. Chi-squared Statistics

Chi-squared Statistics hay con goi 1a thong ké chi binh phuong, 1a phuong
phap danh gia cac bién riéng Ié bang cach do luong thong ké chi binh phuong
(chi-squared) caa chung. Phép kiém dinh cung cap diém s tuan theo phan phdi
chi binh phuong véi muc tiéu dé xép hang tap hop cac dic trung dau vao. Cach
tiép can nay mic dung duoc sir dung rong rai nhung né khong tinh dén su twong

tac cua cac dac trung.

Néu chlng ta gia st rang bién l6p (class variable) 1a nhi phan thi gié tri chi
binh phuong dé tinh diém thudc vé bién v cho 16p k dugc danh gia nhu sau:

N
o Uiy Ui 4)

Trong d6 D 1a tap dir liéu duoc xem xét, N 1a sb bién dau vao, n;, 1a sb
mau ¢d 16p duong cho bién i va cudi cing u;, dai dién cho gia tri mong doi
(expected value) néu c6 bat ky méi quan hé nao giita v va k.



Trong thdng k&, kiém dinh chi binh phuong dugc str dung dé xac minh xem
hai sy kién c6 doc 1ap hay khong. Trong lua chon dic trung, thong ké chi binh
phuong thuc hién mot kiém dinh gia thuyét vé phan phdi cua 16p (class), bai vi
n6 lién quan dén do do cua bién dang dugc xem xét. Gia thuyét null thé hién su

thiéu cua méi twong quan.
2.1.2.3. Correlation

Correlation hay céch tiép cdn twong quan, dugc sit dung trong lya chon
dic trung, bao gdm tinh todn hé sd tuong quan gitta ddc trung va muc tiéu -
target (hoic 19p - class trong truong hop ¢ van dé vé phan loai). Mot dic trung
dugc chon néu nd co twong quan cao voi 16p nhung khong twong quan véi cac
dic trung con lai. CO hai cach tiép can khac nhau dé danh gia mdi twong quan
giita hai bién s6: moi twong quan tuyén tinh ¢é dién va méi twong quan dira trén
ly thuyét thong tin. B6i véi hé s6 twong quan tuyén tinh, nd duoc tinh theo

phuong trinh sau:
c = 20X — tyi) (Yi - .in)
2
\/Z(xi — i)’ \/(Yi — i)

Trong d6 x, y la hai bién duoc xem xét, trong khi u, va uy, la gia tri trung

(2.5)

binh cua ching. Hé s twong quan tuyén tinh ¢ nam trong khoang [—1,1]. Néu
hai bién co twong quan tuyén tinh thi |c = 1|, con néu chiing doc lap thi ¢ gia st
la gia tri null. Céch tiép can nay c6 hai wu diém chinh: n6 loai bo cac dic trung
c6 hé sd twong quan rat thap va giam bot sy du thira. Mat khac, phuong phap
tuong quan tuyén tinh khdng phéc thao diy du cac twong quan phi tuyén tinh,
thuong xay ra khi xir Iy véi cac bo dir liéu trong thuc té.

2.1.2.4. Fast Correlation Based Filter (FCBF)

Fast Correlation Based Filter (FCBF) hay con goi la bé loc nhanh dua
trén twong quan, 13 mot phuong phap lua chon dic trung da bién. NO bat dau véi
mot tap hop dau du cac dic trung, st dung do bat dinh déi xang (symmetrical
uncertainty) dé tinh toan do phu thudc cia cac dic trung va tim ra tap hop con



t6t nhat bang cach sir dung k¥ thuét lwa chon ngwoc (backward selection) voi
chién lirgc tim kiém tuan tw (sequential search strategy).

Phuong phéap nay co tiéu chi ding (stopping criterion) bén trong dé ngan
no loai bo cac dac trung, tic la lam cho chinh né dung lai khi khong con dac
trung nao dé loai bo. FCBF 1a phuong phép lwa chon tap con dic trung dya trén
tuong quan, va noi chung nd chay nhanh hon dang ké so véi cac phuong phap
Iwa chon tap con khac.

D¢ bdt dinh déi ximg (Symmetrical Uncertainty - SU) 1a mot phép do 1y
thuyét thdng tin chuan hoa st dung c4c gia tri entropy c6 diéu kién dé tinh toan
cac phu thudc cia cac dbi twong. Néu X 1a mot bién ngau nhién va P(x) la xéac

suat cua x thi entropy X cua la:
HOO = = ) Py 10g2(Pre,) (25)
i

Entropy c6 diéu kién (conditional entropy) hoic d6 bat dinh (onditional
uncertainty) c6 diéu kién caa X véi mot bién ngau nhién khac Y, 1a entropy c6
diéu kién trung binh ctia X so véi Y:

H(X|Y) = —ZP(y,-)ZP(xilyj) log (P(x3;)) (2.6)

H(X) — H(X|Y) 2.7)
HX) + H(Y)

SUX|Y) = 2\

Gia tri SU bang 1 cho biét rang khi sir dung mot dic trung thi gia tri cua
dic trung khéac c6 thé duoc dy doan hoan toan va gi tri O cho biét hai dic trung
hoan toan doc 1ap. Cac gia tri SU 1a ddi xiing cho ca hai dic trung. Pé tinh toan
cac gia tri SU, cac dac trung duoc dinh danh (nominal) nhung cac dac trung lién
tuc ciing c6 thé duoc sir dung néu cac gid tri cia chung dugc phan loai dung
cach.



2.1.3. Trich chon dac trung sir dung ciac phwong phap nhang (Embedded
methods)

Phuong phap nhing (Embedded) bao gdm tién ich cua ca phuong phap goi
(Wrapper) va phuong phdp loc (Filter). Phuong phap nhing khac véi phuong
phap go6i va trinh bao boc & chd nod twong tac véi thuat toan hoc (learning
algorithm) dé lwa chon dic trung nhung thoi gian tinh todn nho hon hai phuong
phap kia.

Phuong phap nhiing thuc hién viéc lya chon bién trong hoc may (learning
machine). Céc bién dugc chon trong qué trinh ddo tao (training phase), do do
giam chi phi tinh todn va nang cao hiéu qua trong giai doan lya chon bién. Thém
mot su kKhac biét gitra phuong phap nhiing véi phuong phap goi va phuong phap
loc 1a phuong phap nhiing yéu cau su cap nhat lap di lip lai va su phét trién cua
cac mé hinh tham s dya trén hiéu suat cia mo hinh duoc xem xét. Va phuong
phap goi chi xem xét hiéu suat md hinh cua tap hop céc bién da chon [29].

M6 hinh hoat dong ctia phuwong phap nhing dugc thé hién trong Hinh 2.3:

Chon tap con dic trwng tét nhat

Tép cac R A g bk . z
dic treng # Tao tap con q Thuat toan hoc + Hiéu suét

| —

Hinh 2. 3. So do khoi phwong phdp Embedded
Phuong phap nhung ndy c6 thé duoc phan loai thanh ba phuong phap con,

d6 1a phuong phép cit tia (pruning), co ché tich hop (built-in mechanism) va cac
mo hinh chinh quy hoa (regularization) [26].

Trong phuong phép dua cit tia, ban dau tat ca cac dic trung duoc dua vao
quy trinh dao tao (training) dé xay dung md hinh phan loai va cac dic trung co
gia tri hé sé twong quan it hon s& bj loai bo dé quy bang cach str dung may vecto
hd tro (SVM - support vector machine).



Trong phuong phap co ché tich hop, mot phan caa qua trinh huan luyén

(training phase) cua thuat toan hoc tap (learning) c6 giam sat C4.5 va ID3 dugc

str dung dé chon cac dic trung.

Trong phuong phéap chinh quy héa, cac 16i diéu chinh (fitting) dugc giam

thiéu bang céch sir dung cac ham muc tiéu va loai bo cac dic trung c6 hé sé hoi

quy gan bang 0.

2.1.4. So sanh phwong phap Filter, Wrapper va Embedded

Phuong phap lua chon dic trung duoc st dung dé dat dugc mot tap con céac

dic trung toi wu. Bang 2.1 s& dua ra su so sanh ciing nhu sy tong két vé cac

phuong phép nay [30].

Bdng 2. 1. Bang so sanh phuong phép Filter, Wrapper va Embedded

Phuong
phap

U'u diém

Nhwoc diém

Wrapper

- Panh gia do tuong dong giira
cac dic trung va cac nhan lép
(class lable).

- Phan tich mtrc phu thudc gitra
cac dac trung.

- Muc do xac thuc cao hon
Filter.

- Thot gian tinh todn cao cho mot
tap dir liéu c6 nhiéu dic trung.

- Tap con dac trung dugc chon bi
phan tich lap lai nhiéu lan.

- Mot vai cac dac trung bi loai bo
& cac vong lap dau thi lai khong
duogc danh gia.

- Gay ra overfitting. Pay 1a hién
tuong qua khop, xay ra khi mot
md hinh qué khép ddi véi dir liéu
dao tgo — training data nhung lai
c6 hi¢u suat kém véi dir liéu thir
nghiém — test data.

Filter

- Tinh toan nhanh hon Wrapper
va Embedded,

- Phu hop véi low dimensional
data (dir liéu chiéu thap).

- Bo qua do tuong dong hay su
tuong tac gitta cac by phan loai
(classifier).

- Bo qua sy phu thudc dac trung
do cac dac trung dugc xem xét
mot cach ddc lap.

- Trong mot s6 trudng hop, khong
rd cach x4c dinh diém ngudng
cho thr hang dé chon dugc cac
dic trung dung yéu cau cling nhu
loai trir dugc nhiéu.




- Xem xét do twong quan cua |- Khong phu hop véi high
cac dic trung gidng phuong | dimensional data (dit ligu chiéu
phép goi. cao).
- Tinh todn nhanh hon phuong | - D(_)_bao, quat thap..

i 2 R - Chi phi cao hon Filter.
phéap Wrapper, diém nay giong
phuong phép Filter.
- C6 tinh chinh xac hon céc
phuong phap Filter.
- Tim duoc tap hop con dac
trung cho céc thuat toan dao tao
(trainning algorithm).
- It bi over-fitting.

Embedded

2.2. PHUONG PHAP PHAN HOI LIEN QUAN
2.2.1. Gi6i thiéu vé phén hdi lién quan

Phuong phép tra ciu anh dya trén noi dung (CBIR) ra doi di khac phuc
duoc nhitng diém chua hoan thién ciia cac phuong phap tra cttu anh trude do,
mo ra mot hudng di mai cho linh vuc tra ciu anh noi riéng va nganh khoa hoc
xt ly anh néi chung. Trong hé théng CBIR, c4c thuat toan xir Iy hinh anh
(thuong 14 tu dong) duoc st dung dé trich xuét cac vecto dic trung dai dién cho

cac dic trung cua hinh anh nhu mau séc, két cau va hinh dang.

Khéng thé phu nhan nhing tién ich ma CBIR mang lai. Trong mét hé
théng CBIR, ching ta c6 thé rat 1ap chi muc va tra ciu hinh anh véi sé luong
I6n. Két qua tim kiém hiéu qua va it tén kém. Tuy nhién, song song vai nhitng
uu diém, CBIR con ¢6 nhitng yéu diém van con ton dong. Mot trong s6 d6 chinh
la van dé cac dic trung cap thap khong cé kha niang mé ta va giai thich ngi
nghia ctia boi canh hinh anh, vay nén nhiing hinh anh c6 cac dic trung cap thap
nay c6 thé khac véi hinh anh truy van & cac vi tri ctia ngir nghia ma nguoi dung
cam nhan duogc. Hoic 1a gitra cac dic trung cap thap va cac dic trung cap cao sé
c6 khoang cach ngit nghia quéa khac biét. Tat ca dan dén viéc s& kho hiéu nhu
cau théng tin cua nguoi dung tir hinh anh truy van, do d6 khong thé phuc vu
dugc cho ngudi ding phé théng.

Viy nén dé khic phuc nhimg nhugc diém d6, phuong an "Phan hdi lién
quan ca ngudi dung" da duoc st dung két hop, nham hd tro va phat trién qua




trinh tra cau véi muc dich tao ra hiéu ung tra ctu dang ké hon vé mit tri giac va

ngtr nghia.

Phan hoi lién quan (Relevance feedback - RF) 1a mot k§y thuat dung dé
danh dau cac két qua da tra ctu, xem xét ching c6 lién quan hoac khéng lién
quan dén nguoi dung. Hay néi cach khéc, ca ngudi ding va hé théng tra cau luc
nay, nhd ¢6 phan héi lién quan ma di dwgce dua vao mot qua trinh "cong sinh".
Co ché van hanh cia hé thong RF nhu sau. Sau khi xay dung cong thirc caa truy
van ban dau, ddi véi cc 1an 1ap lai tiép theo cua viéc sang loc truy van, hé théng
s& trinh bay mét tap hop céac két qua va ngudi dung s& danh gia két qua do dé
diéu chinh tap hop cac hinh anh dugc tra ciru theo mong mudn caa minh.

Mot kich ban thuong gip caa hé thong phan héi lién quan trong CBIR s&
bao gdém bén budce nhu sau [31]:

> Budc 1: Nguoi ding cung cap mot anh mau truy van hoac tir khoa mo ta
d6i vai hé thong.

> Budc 2: Hé thdng thuc hién tim kiém ban dau ddi véi anh mau truy van
do ngudi ding cung cap, dua trén cac cong thic di xay dung trude d6 (vi du
nhu 4p dung cac do do tuong tu), sau do tra vé cac két qua da tra ctru duoc,

thuong 12 mot s6 lwong nhé hinh anh.

> Buéc 3: Nguoi dung danh dau hoic cho biét cac hinh anh da duoc truy
van, hinh anh ¢ lién quan hay 1a khong lién quan dén yéu cau cua minh va lién
quan & mirc do nao.

> Budgc 4: Duya trén cac danh gia va phan hoi cia ngudi ding, hé théng tu
dong dinh dang lai truy van ban dau dé tra citu mot danh sach cac anh méi cho
nguoi ding. Thuat toan Iap lai Buéc 3 va sé tiép tuc lp lai cho dén khi nguoi
dung hai long.

Phuong phap phan hoi lién quan gidp giam bot van dé vé khoang céch ngir
nghia, vi né cho phép hé théng CBIR tim hiéu nhan biét cua nguoi ding vé hinh
anh mong muén. Cac ky thuat RF thuong xir Iy ca&c miu dao tao (training

sample) nho ma thong thuong 1a it hon khoang hai muoi mau & méi vong tuong



tac, tinh khong ddi xtng trong mau dao tao (vi du nhu cac phan hdi tiéu cuc
dugc cung cap cho hé thdng) va yéu cau thoi gian thuc. Vay nén céc thuat toan
RF phai dt nhanh dé hd tro tuong tac ngudi dung trong thoi gian thuc.

C6 bén co ché dé ngudi dung phan héi vé mac do lién quan, bao gom:
Phan hdi rd rang (Explicit feedback); Phan hdi ngam (Implicit feedback); Phan
hoi xép hang (Ranking feedback), Phan hdi mu (Blind feedback). Ca bén co ché
nay déu di duoc trinh bay trong muc 1.2.4 caa luan van.

2.2.2. CBIR véi phan hoi lién quan

Pé cai thién hiéu suat tra cau trong hé thong CBIR, co ché phan hoi lién
quan da dugc dé xuat nhu mot budc tién 16n trong cong nghé tuong tac nguoi
dung dé truy ctu hinh anh.

Ngay nay, nd 1a mot linh vuc mé rong va phét trién hon, bao géom nhiéu
chu @& phu khac nhau, hd trd giai quyét mot s6 méi quan tam thuc té trong khi
van ghi nhé ngudi dung trong vong lap.
2.2.2.1. Kich ban thudt toan RF

Cac budc quan trong nhat caa mot hé théng CBIR sir dung phan hdi lién
lién quan dugc mo ta trong Hinh 2.4 [32].
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Query reformulation !
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Hinh 2. 4. Kién triic ciia hé thong CBIR sir dung RF

Nhu mé ta trong Hinh 2.4, nguoi dung thiét 1ap mot truy van ban dau (Q)
cho hé théng tra ciru, hé thdng nay s& tao ra mot tap hop cac cau tra 1oi. Sau do,
ngudi ding sé kiém tra cac cau tra 10i va dua ra danh gia vé chét lugng hoic
murc d6 lién quan cua cac cau tra loi. Hé théng sir dung phan hdi caa nguoi ding

dé tao mot truy van méi nham han ché khong gian tra ciu.

2.2.2.2. Cic mé hinh phdn hoi lién quan trong CBIR

Céac phuong phap tiép can phan héi lién quan cho CBIR da duoc phan loai
thanh hai md hinh: hoc ngan han — short term learning (hay con goi 1a hoc truy
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van ndi b - intraquery learning) va hoc dai han (hay con goi & hoc truy van lién
quan - interquery learning). Hinh 2.5 minh hoa sy phan loai cua cac thuat toan
phan hdi lién quan duoc phat trién theo con dudng tir cac ki thuat dua trén co sd
kinh nghiém dén céc thuét toan hoc tdi vu.

g r Weighting heuristic = based
Density astimation = bosed
Classification searching = Baved
Kernels = Baszd
Jhert term leaning 1 Comperisen svarching = based
Interacifve visuallzation - based

RE algarithms 4 Gragh cuts = based
Hanifald learning = besed
. Active = based
iibrid RF = based
Compiementary RF - bosed
Ireremental = based
. Navigatfan Fattern Mmmg - based

«ang ternt learning

Hinh 2. 5. Phdn loai cdc thudt todn phdn héi lién quan.
Cac thuat toan hoc may duoc str dung rong réi trong mé hinh hoc ngan han
hoac hoc dai han [32].

* M6 hinh hgc ngdn han

La mo hinh dau tién. N6 tap trung vao viéc diéu chinh truy van (sang loc)
trong mot phién tra ciu duy nhat. Bao gom:

1. Trong s6 Heuristic: Co ché tinh toan trong sb cua dic trung, gia dinh xay
dung cdng thac heuristic voi diéu chinh tham sé truy van theo kinh nghiém, cha
yéu doc theo dudng trong s truc doc 1ap trong khéng gian dic trung. Y tudng
chinh ding sau phiwrong phdp tinh todn trong sé Heuristic cia ddc trung 13 sta
d6i diém truy van trong mdi lan lap tim kiém thanh biéu dién phu hop hon dé
dua yéu cau cia ngudi dung dén truy van téi wu gan nhat. Hon nira, nd cung cap
mot bang xép hang cac hinh anh duoc tra ciu theo mic do tuong dong cua
ching véi truy van dugc tim kiém. Phwong phdp tiép cdn theo trong sé ddc
trung Heuristic ¢6 thé dat duoc bang cach st dung cac thuat toan sau: Di chuyén
diém truy van (Query point movement), Binh hinh lai ham khoang cach, Lua
chon ham khoang cach, Ma rong truy van (Query Expansion), Phan ra truy van
(Query Decomposition), Panh gia lai truy van (Query Reweighting), Thém hoac

x0a truy van dic trung don 1¢, Chuan héa khoang cach.
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2. Uéc tinh mat do: Tinh toan sy phan bé caa céc hinh anh c6 nhén tich cuc
va (c6 thé) tiéu cuc bang cach md hinh héa ham mat do xac suat duoc cap nhat
sau mdi vong lap va cac ham phan loai dé xac dinh 16p (class) “t6t nhat” dé gan
mot hinh anh mai.

3. Tim kiém phan loai: Phuong phap tim kiém phan loai dua trén hinh anh
mau dugc cung cap boi nguoi dung duoc sir dung dé dao tao (train) mot bo phan
loai (classifier), sau d6 duoc st dung dé phan loai co s& dit liéu mot cach ti wu
thanh nhitng hinh anh c6 lién quan dén truy van va nhirng hinh anh khong lién
quan. Cac phuong phap tiép can khac nhau di dugc &p dung trong cac ki thuat
hoc c6 giam sat khac nhau bao gom: Cay quyét dinh, Mang than kinh, Phuong
phap Bayes, Phan tich phan biét (discriminate analysis), <6 hinh tong hop / EM,
Tang cuong (boosting), May vecto hd trg (SVM), Két hop nguoi hoc, So khép
d6 thi (Graph matching), Pic trung ao (Visual Feature). Ngoai ra, van dé phan
loai dwa trén phan hoi lién quan c6 thé dugc chuyén do6i thanh mot bai toan toi
uu héa. T6i wu héa coi phan hoi lién quan giéng nhu mot van dé toi thiéu hoa
(minimization) va toi da hoa (maximization) c6 giai phap 1a cac tham sé cia md
hinh gilp ta c6 thé tim ra truy van Iy tuéng, tinh toan cac dic trung va chuyén
d6i khong gian dic trung thanh mot khéng gian méi phi hop hon véi nguoi
dung.

4. Kernels (Hat nhan): Phuong phap nay cé thé duoc ap dung trong cac ky
thuat hoc may khac nhau dé thu duoc két qua tét hon. N6 duoc sir dung dé
chuyén ddi khong gian dic trung sang khong gian chiéu cao hon hoac thap hon,
ma 1y tuong nhat chinh 1a cac hinh anh dugc quan tdm c6 thé dugc phan tach
tuyén tinh khoi tat ca cac hinh anh khac. Cac kernel (hat nhan) thuong gap nhat
1a nhan da thirc, nhan tuyén tinh, nhan sigmoid ham Gaussian, hoic cac nhan két
hop.

5. Tim kiém so sanh: Tim kiém so sanh dua trén viéc tinh dén cac phan
doan tuong dbi so V4i cac phan doan lién quan dé tim ra anh muc tiéu hoic phan
tir gan nhat véi anh dich (target image) trong mot tap hop cac phan tir trong co

so dir ligu.



6. Truc quan tuong tac: Cung cap kha ning xem toan cuc c4c hinh anh
duogc tra ciiu trén so d6 hai chiéu theo cach phan 4nh mdi quan hé giita cac hinh
anh trong tap hop tra vé, va sau d6 ngudi ding co thé chon ving man hinh dé
tinh chinh truy van caa minh.

7. Cét db thi: Bao gdom viéc tach co sé dit liéu thanh mot nhém c6 lién quan
va mot nhém khong lién quan, vi vay céac hinh anh phan héi duoc sir dung 1am
hat giéng (seed) cho qua trinh cat do thi, véi cac hinh anh c6 lién quan tao thanh
nhom ngudn (source group) va cac hinh anh khéng lién quan 12 nhém chim (sink
group). va mot biéu @6 c6 trong sé md hinh hoa cau tric lién két caa co so dix
liéu duoc xay dung.

8. Hoc da tap (Manifold learning): Hiéu suat tim kiém (Search
performance) giam manh khi kich thuéc cia khong gian dic trung ting 1én. Rat
nhiéu ki thuat da dugc dé xuat trong phuong phép tiép can hoc tap da tap dé
giam kich thudc khong gian: cac ky thuat tuyén tinh bao gom Phan tich thanh
phan chinh (PCA - Principal Component Analysis), Phan tich thanh phan doc
lap (ICA - Independent Component Analysis), Phép chiéu ngau nhién (Random
projection), Phép chiéu bao toan cuc bo (LPP - Locality-preserving projection),
Phan biét tuyén tinh Phan tich (LDA - Linear Discriminated Analysis), va Da
tap bién toi da (MMD - Maximum Marginal Diversity)... Lién quan dén céac ky
thuat phi tuyén, cac phuong phap ndi tiéng 1a: Chia ty I& da chiéu (MDS -
Multidimensional Scaling), Phan tich thanh phan duong cong (CCA -
Curvilinear Component Analysis) va FastMap.

9. Hoc tap tich cyc: Ky thuat nay c6 thé nang cao dang ké téc do hoc tap
cua khéi niém ma ngudi dung c6 trong dau. Bang cach cha dong chon mot tap
hop hinh anh thich hop, thuong duoc goi la nhitng hinh anh nhiéu théng tin
nhat, ngudi dung s& chi can dan nhan (label) cho mét sé luong hinh anh twong
d6i nho dé ngudi hoc hiéu khai niém truy van.

* M6 hinh hec dai han



M6 hinh nay phan tich méi quan hé gitta cac phién tra ctu hién tai va trudc
day bang cach sir dung lich st twong tac hodc nghién ciu dé 1ap md hinh méi
quan tdm caa nguoi dung, bao gom:

1. RF lai (Hybrid RF-HRF): Phuong phap nay tim kiém mot so db két hop
cta hai phuwong phap khac nhau mién I hiéu suit tong thé duoc cai thién.

2. Phuong phap tiép can RF bd sung (Complementary RF-CRF): Phuong
phap bao gom viéc két hop hai céch tiép can khéac nhau bé sung cho nhau véi hy
vong loai bo diém yéu cua cach tiép can riéng lé.

3. Hoc gia tang (Incremental learning-IL): Phuong phap nay su dung
phuong phap hoc ting dan. Diéu d6 co nghia 13, cac thuat toan gia ting c6 thé
hoc dan dan, vi du phan hoi thtr n tir thir (n — 1) ma khéng can thuc hién lai
toan b thuat toan c6 hiéu qua trong hoc tap va hiéu qua trong tinh toan.

4. Khai thac moé hinh diéu huéng (Navigation Pattern Mining-NPM):
Nghién ciru gan day da bat dau tap trung vao Khai thiac mé hinh diéu huéng. N6
tap trung vao viéc tim kiém cac mau thi vi tir co so dit liéu, chang han nhu quy
tac két hop, twong quan, chudi, tap, bd phan loai, cum bing cach st dung cac
mau thudng xuyén, biéu d6, diéu huéng hodc tuan tu dé hoi tu khdng gian tim
kiém theo ¥y dinh cua nguoi dung.

Két lai, md hinh hoc dai han c6 thé dat dugc d6 tra ciru chinh xac tét hon
so vé&i hoc ngan han. Ching ta cd thé sir dung md hinh hoc dai han dé khic phuc
tinh trang hé thdng khdng nam bat duoc ngir nghia, cac vi du phan hdi khong
can bang va thiéu co ché ghi nho.

2.3. TRA CUU ANH DUA TREN PHAN CUM PO THI
2.3.1. Phian cum db thi va cac thuit toan phan cum phé
2.3.1.1. Gioi thiéu

Phén cum (Clustering) la mot phuong phap hoc tap khdng giam sat con
duoc goi 12 phan khdc hoic phan loai. Pay 1a mot ky thuat dung dé phan tich
hoic thdng ké dir liéu va duoc ¢ng dung vao nhiéu chuyén nganh nghién cau
nhu truy hoi théng tin, khai pha dit liéu, xtr ly anh, hoc may, hoc sau, van van.
Ly thuyét hoat dong ctiia phan cum chinh 1 phan/nhém céc quan thé hoic cac



d6i tuong thanh cac cum, sao cho cac diém trong mot cum twong tw/twong dong
nhau va it giéng véi cac diém trong cac cum khéc. Mot thuat toan phan cum tot
dam bao d6 tuong tu trong cum cao va do tuong tu gitra c&c cum thap.

Trong khoa hoc dit liéu, chling ta cé thé sir dung phan tich phan cum dé c6
dugc mot sb théng tin chi tiét co gia tri tir dix liéu cia minh bang cach xem cac
diém dit liéu roi vao nhém nao khi ap dung thuat toan phan nhom.

Pic diém caa phan cum:

- Cum dir liéu 1a tap hop cac d6i twong hay ca thé gidng nhau c6 chung dic
diém.

- S6 cum dir lidu duoc phét hién va xac dinh khi thuc hién hoat dong phan
cum vay nén sé luong cua ching 1a khong thé biét trudc.

- CO rat nhiéu k¥ thuat va thuat toan phan cum khac nhau, va mai mot cai
lai mang lai nhitng hiéu qua khac nhau.
2.3.1.2. Thudt todn phin cum phé

Phan cum pho (Spectral Clustering) 1a mot dang thuat toan phan cum.
Thuat todn nay hoat dong tot hon mot s6 thuat toan phan cum truyén théng trong
nhiéu truong hop. N6 coi mdi diém dit liéu nhu mot nat d6 thi va do d6 bién bai
toan phan cum thanh bai toan phan viing d6 thi.

Thuat toan phan cum phé dugc chia thanh ba budc co ban nhu sau:

> Budc 1: Pre-processing (Tién xu ly). Xay dung biéu dién ma tran caa d6
thi.

Budc 2: Decomposition (Khai trién). Tinh todn cac gia tri riéng va vecto
dic trung cua ma tran. Anh xa tung diém thanh biéu dién chiéu thap (lower-
dimensional) hon dya trén mot hoac nhiéu vecto dic trung.

> Budc 3: Grouping (Phan nhom). Gan diém cho hai hoac nhiéu cum, dya
trén cach biéu dién méi.

Ky thuat chinh dé phan cum phé 1a ma tran d6 thi Laplacian. Ma tran
Laplacian la mét tuwong tu roi rac (discrete analog) cua toan tir Laplacian trong



phép tinh da bién. Ma tran Laplacian cho phép lién két ty nhién giira cac biéu
dién roi rac, vi nhu d6 thi, phép biéu dién lién tuc (continuous representation),
hay 12 khong gian vecto va da tap (manifold). Ung dung quan trong nhét cua ma
tran Laplacian 12 phan cum phé, twong dwong v&i mot giai phap cé thé tinh toan

dugc cho bai toan phan ving do thi.

Gia str ta goi ma tran Laplacian 12 ma tran cua d6 thi G. Trong d6 G =
(V,E) 1a @ thi vé hudng, khéng cé trong sé ciing khong c6 vong lap do thi
(i,i) hoac nhiéu canh tir nat nay sang nut khac. V 1a tap dinh, n = |V|. E la tap
canh, 1a mét ma tran déi xang n x n véi mét hang va cot cho mdi nit. G duoc
xac dinh boi:

L=D-4 (2.8)

Trong d6 D = diag(d,, ..., d, ) la ma tran bac, tc ma tran duong chéo
duoc hinh thanh tir cac do dinh va A la ma tran ké. Do d6, cac phan tar duong
chéo [;; cua L véi tung do clia dinh v; va cac phan tir nam ngoai duong chéo
l;; 1a —1 néu dinh v; tiep giap véi v; va 0 néu nguoc lai.

Ma tran Laplacian khong dau (signless Laplacian matrix) duwoc dinh nghia

nhu sau, trong 6 D 1a ma tran do (degree matrix), A 1a ma tran ké (adjacency
matrix):

Ls = D+A (2.9)
Ma tran ké chuan hoéa (normalized adjacency) Laplacian hay biéu dé chuan

hoa dugc dinh nghia nhu sau:

L. = D 2AD-1/2 (2.10)

Trong d6 L. 12 ma tran ké cua cua L va D = diag(d) voi d (i) 1a bac nit

cua i.
L va L 1a cac dbi twong chinh trong Iy thuyét d6 thi phd. Cac bt bién d6
thi khac nhau c6 thé duoc udc tinh theo gia trj riéng caa cdc ma tran nay. Tuong
tu, ta s& thay rang phan cum phé cho phép nguoi ta thay thé cac bai toan téi uu



hoa khac nhau bang dai s6 tuyén tinh tiéu chuan. Cho vecto f = (fy, ..., f,) €
R™, nhan dang khoa sau c6 thé d& dang xac minh:

2
fLff =2 2 wi; (fi = £;) (2.11)
[il~[/]
Luu y rang phuong trinh nay cho thay rang L 1a ntra xac dinh duong, va vi

1 N . ™ .y ~ A M
Dz la xac dinh duong nén di¢u nay cling dung vai L. Bay gio ta s€ thay rang
cac thudc tinh phan cum cua biéu d6 Laplacian theo truc tiép tir thudc tinh nay.
Cho mot tap con S c V, xdc dinh véc to cot fs = (fs,, ..., fs,)" € R™ nhur sau:

(Lles
fi = {_1’ e (2.12)
Sau d6 tiép tuc:
LS, = Z wis (s fsj)z — 4v0l(55) (2.13)

[i]~[J]
va dbi vai titca S c V, ta co;

Dfs = ) wiy = vol(V) (2.14)

[{Jev

Bay gio hiy xem xét trudng hop cat can bang c6 trong sé. Ta biéu thi bang

1 véc to cOt cua tat ca cac véc to do va co:
D1 = Z deg[i] — Z deg[i] = vol(S) — vol(S) (2.15)
[i]eS [i]es

Do d6, fED1 = 0 néu va chi khi phan cat twong ung véi S la can bang
thé tich, d6 12 vol(S) = vol(S). Do dé, chung ta c6 thé dinh dang lai van d&
tinh toan phan cat can bang cd trong sé nhur:



by (6) = fe(—11)mFp1=0

fLf (2.16)

Hon nita, Vi f¢Df c6 gia tri khong ddi 1/4 vol(V) véi moi f € {—1,1}",
ching ta c6 thé viét lai diéu nay dudi dang:

b (G 1 . fELf
w(@ =7 e B0 FiDF

(2.17)

Puoc phat biéu ¢ dang nay, bai toan tdi wu hoa roi rac thira nhan mot sy
don gian bang cach dé f nhan céc gia tri thuc thay vi {—1,1}. Nhan thay rang
L1 = 0, mot doi sb dai sb tuyén tinh tiéu chuan cho thay rang:

. fILf
= 2.1
P T (2.18)

A2

Trong d6 A, | gid tri riéng nho nhat thir hai caa bai toan hiéu chinh tong
quat Lf = ADf. R® rang la gié tri riéng nho nhat A, cua L 1a 0 va gia tri riéng
tuong ung 1 1. Hon nira, d& dang chi ra ring d6i vi mot dd thi lién thdng, gia
tri riéng thir hai théa man A,> 0. Do do, vecto f ma gia tri nho nhat trong
Phuong trinh ¢ trén dat duoc la vector riéng twong tng vai A,. Nhiing suy luan

trén dan truc tiép dén thuat toan phan ving sau day:
1. Tinh cac matran L va D.
2. Tim gi4 tri riéng e tuong Gng Vai gi tri riéng nho nhat tha hai cua bai
toan gia tri riéng tong quat sau:
Lf = ADf
3. Liy phan hoach: S = {[i]: ¢; > 0},S = {[i]: ¢; < 0}.
Pay la thuat toan co ban dé chuan héa phan cum pho.

Do vay, ching ta c6 thé déng nhat ba ky hiéu: déi twong i, vector x; va
dinh v; 1a twong dwong véi nhau theo nghia biéu dién cho ciing mot thyuc thé dix

liéu.



2.3.2. Ma gia thuat toan Spectral Clustering
Input: D6 thi G
Do:
1. Tinh ma tran ké W.
2. Tinh ma tran Laplacian, L=D-W vaéi D la ma tran bac.
3. Tinh k vector dau tién caa ma tran L.
4. Str dung K-means dé phan cum duya trén cac vector riéng trén.
Output: Két qua phan cum caa K-means.
2.3.2.1. Tinh ma trin ké

Cho dd thi G = (V, E) véi V la tap gom cac dinh va E la tap gom cac canh.
MJi canh thudc E s& gdm 2 dinh trong tap V - mot cap dinh (vi, vj), Voi trong s6

Canh la Wl]

w;;j : trong s6 cha cap dinh (v;, v))
0: néu khoéng cé canh giira hai dinh (v;, v;)
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2.3.2.2. Tinh ma trdn Laplacian

Ma tran laplacian: L = D — A véi D la ma tran bac. Ma tran bac D duoc
tinh tir ma tran ké A, c6 so chiéu giéng véi ma tran A. Mdi phan tir trén dudng
chéo chinh caa ma tran bac D 14 tong cua cua cac phan tir trén mot hang cia ma
tran A twong ung. C4c phan tir khac ngoai duong chéo chinh déu bang 0.

03w s
’ Ulapeey (2.19)
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di= wiz+ w3 1121314
dy= Wiz + Wy + Wy D= EEdR 0190
2 2(0|d,|0]0
d3 13 23 3(0|0(d,| O
4= W2q 4/0|0 |0 |d4
Ma tran laplacian:
d;,néui=j

0 néu khoéng c6 canh noi git (i, j)

1 2 3 B

L=
1 dy |—wyp|—wyz| O
2 | —wyy | dy | Wz | —wyy
3 _W13 _W23 d2 0
4 O _W24 O d4

2.3.2.3. Tinh Kk vector riéng dau tién ciia ma trgn Laplacian

Cho mot ma tran A, ta co A la mot gia tri riéng va v la vector riéng cua A
néu: Av = Av

Cho mot @6 thi G ¢6 n nat, ma tran ké cua nd sé& cd n gié tri riéng {uy, w,,

Us...o U} VOI Uy > pp> us>...> u,va n vector riéng {x, xq1, x5, X3,,..., Xp }:

o A=Y 1|2]s]e]s s
@ b eo9 1/0os|osfo1][0]|0 w=093  x=[0.17,065,-0.6,-0.11,-0.25,0.39]
il Ny ' 208009000 u=0832  x,=(-0.46,044,0.00,0.30,037,-061)
' a A= [3]osfosfaf oo o2 w=0642  x,=[0.37,0.03,036,053,0.66,0.13)
5 02 4fo1]| 0|0 [f0]os|o7 0482 x,2[-057,006,048,0.56,0.19,031)
0s @ s{o|o|o|osf0]os w1355 xy=[0.25,0.30, 024, -048, 0.52, 052
Figure 1. Graph G with adjacency matrix A 6/ 0|0 02{0o7]|0s}0 W=1584  x=[0.48, 053,052, 0.26,0.25,0.30]

Eigenvalues and eigenvectors of A

o1



O day ta s& di tinh véc to riéng va gia tri riéng cho ma tran Laplacian, sau
d6 14y ra k vector dau tién. C6 thé n6i viéc tinh ma tran Laplacian va tinh k gia
tri riéng va vector riéng cua ma tran nay la trai tim cua thuat toan Spectral
Clustering. C4c gia tri riéng cho biét cac thudc tinh toan cuc khong rd rang cua
db thi tir cdu tric canh. Xét do thi Laplacian cua G, L_G ¢4 tap gié trj riéng {A,,

Ay, A5,..., A} vatap vector {xq, xq, x5, X3,,..., Xn }

- Néu 0 1a gia tri riéng caa L (A;=A,=...=A,=0) Véi k vector riéng thi d6 thi
G ¢6 k két ni thanh phan

- Néu d6 thi da duoc két ndi, A, > 0 va A, 1a két ndi dai s6 cua G, A, cang

I6n thi G cang cd nhiéu két néi.

;’ | G C O C \')
) 7 ~ I'A g ' 4(\1
090 g 09 o o %0
O (>
~ £ f"\ ."\
0 0O O 0 oY
G P & 2 G: ‘(\. ~ GZ I’A‘\ ~
L} ’L) \,; "\/ "V‘ ‘\4'
L,hasO=A;=A,=A;and A, >0 Both L;, and L, have 0=, and A, > 0. A(L;;,) <AlLs,)

D& thay rang L, cO A, = A,= A3= 0 va A,> 0 nén G c6 3 duong két ndi. Ly
va Lg, €O A, = 0 nén 2 do thi G1 va G2 c¢6 mot duong két ndi. Lai co A, (Lg, ) <
A, (Lg, ) nén G2 c6 nhiéu duong két ndi hon.
2.3.2.4. Sir dung K-means dé phéin cum

Sap xép thanh ma tran U véi k véc to riéng dau tién cua ma tran L va cac
dinh caa do thi G (ky hiéu v trong hinh 14 véc to riéng, khong phai dinh). Sau d6
ap dung phan cum d6i véi ma tran U sir dung thuat toan K-mean dé phan cac
dinh cta G (hang cua U).
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@ 0.6 0.9 3 | w(3) | vi3) | w(3)
0.6 0.7 4 | w4 | v,a | v
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Ufork=3
Thuat toan K-mean:
Input: K (s6 lugng cac cum),
Training set {x (), x (@) x (M)} (D) g gn
Output: Céc center uK va label cho timg diém dir liéu x((i)).
1. Chon K diém bat ky 1am cac center ban dau.
2. Phan mdi diém dix liéu vao cum co center gan né nhat.

3. Néu viéc gan dix lidu vao ting cum & bude 2 khong thay déi so véi vong
Iap trudc no thi ta ding thuat toan.

4. Cap nhat center cho tirng cum bang céch Iy trung binh cong cua tat céc

cac diém dir lidu da duoc gan vao cluster d6 sau budc 2.
5. Quay lai budc 2.
2.3.2.5. Uu va nhwoc diém cia thudt todn

Spectral clustering khac phuc hai van dé chinh trong phan cum: mét 1a hinh
dang cta cum va hai la xac dinh trong tdm cta cum. K-means gia dinh cac cum
c6 hinh cau, véi ban kinh bang khoang céch gitta tAm va diém dir liéu xa nhat,
va khong hoat dong tot khi cac cum cd hinh dang khac nhau, vi nhu cum hinh
elip. Do vy dé xac dinh tam caa cum thi K-menas s& st dung nhiéu lan lap. Cac
cum trong Spectral clustering khdng cé hinh dang hoiac mau cé dinh. Cac diém
cach xa nhau nhung duoc két ndi s& thudc vé ciing mot cum, trong khi cac diém
gan nhau hon nhung khong dugc két néi cé thé thuoc vé cac cum khéc nhau.
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Diéu nay chiing to rang thuat todn hiéu qua véi dit liéu c6 hinh dang va kich c&
khac nhau.

V& mat tinh toan, nhanh véi céc tap dix liéu thua thét (khoang vai ngan data
point) va dat vai cac tap dir liéu Ion. Nguyén nhan do céc gia tri riéng va vecto
riéng can duoc tinh toan, va sau dd ta mgi thuc hién phan cum trén cac vecto

nay, cho nén da lam ting do phuc tap vé thoi gian 1én.
2.3.3. Cac thuit toan phan cum pho
2.3.3.1. Thudt todn phin cum phé phi chuin
Input: + Ma tran lién k& W € R™" cua d6 thi G = (V, E)
+ Ma tran bac D cua do thi G
+S6 cum K
Output: Cac cum Cq, ..., Ck
1. Tinh matran Laplacian L = D-W

2. Tinh K vector gia tri dac trung u, ..., ugx cua L ung véi K gia tri
dic trung nho nhat

3. Pit U € R™ 1a ma tran c6 cac cot la cac vector gié tri dic trung

Uy, ..., Uk
4, fori=1tondo
5. yi € R“1a vector ang véi hang thir i cia U

6. Goi thuat toan K-means ddi véi cac tam cum yi, ..., yk dé phan
V thanh K cum.

2.3.3.2. Thudt todn phén cum phé chuin héa

Input: + Ma tran lién ké W € R™" cua d6 thi G = (V, E)
+ Ma tran bac D cua do thi G
+S6 cum K

Output: Caccum Cy, ..., Cx

" Tinh ma tran Laplacian chuan héa Lg,, = D*?LD™?



2. Tinh K vector gia tri ddc trung dau ug, ..., uk cia Leym

3. Pit U € R™ 1a ma tran cd cac cot 1a cac vector gid tri dic trung

U, ..., Uk

4. Tao ra ma tran T € R™® tir U bang cach chuan héa cac hang
theo chuan 1:

5 fori=1tondo
6. Yi € R la vector &tng véi hang thiri cia T

7. Goi thuat toan K-means ddi véi cac tam cum yy, ..., yk dé phan
V thanh K cum.

2.4. PHUONG PHAP TRA CUU ANH SU DUNG PHAN CUM PHO
2.4.1. Phat biéu bai to4n

Tra ra ctru anh dua trén noi dung 1a mot dé tai duge dau tu nghién ctu va
phat trién trong nhitng nim gan day trong nganh khoa hoc xir ly anh. Rat nhiéu
hé théng CBIR di duoc ra doi, c6 thé ké tdi QIBC, PhotoBook, VisualSeek,
WeekSeek, RetrievalWare, Virage, ImageRover, PicHunter, Amore, Blobworld,
van van [33].

Nguyén Iy hoat dong ciia mot hé théng CBIR: Cac dic trung cap thip cua
anh (bao gdm mau séc, két cu, hinh dang) s& dugc tu dong trich xuat theo muc
tiéu dugce danh chi s6 va mé ta anh. Trong trudng hop tra cu anh trong co so dix
liu anh, mot anh truy van mau s& dugc dua vao hé thdng, sau d6 né s& duoc Xt
ly dé sinh ra mot vécto phu hop. Sau day, dua trén d6 do twong tur, mot tép cac
anh duoc xép loai theo thr ty giam dan so véi anh truy van mau, sé duoc tra vé.

Do do twong tu s& dinh lwgng mic d6 phil hop va twong dong gitra hai hay
nhiéu hinh anh. Trong CBIR, dua trén cé4c kiéu dic trung cta anh tra ctu ma ta
s& sir dung cac do do thich hop. Hiéu suét tra ciu cia hé thong CBIR ciing phu
thudc vao phép do do tuong tu cua vecto dac trung anh co so dit li€u va vecto

dic trung anh truy van. Do do tuong tu va khoang cach ngit nghia c6 méi quan



hé twong hd 1an nhau. Khoang céch ngit nghia thé hién sy khéc biét trong viéc
mo ta ddi twong bang cac cach biéu dién ngdn ngit khac nhau, déng thoi phan
anh sy khac biét giira kha ning moé ta han ché cua cac dic trung cp thap véi cac
dic trung cdp cao. Viéc giam khoang cach ngit nghia giita cac dic trung cap
thap va cip cao 1a mot thach thic 16n caa linh vyc tra ctu anh duwa trén ndi dung
[33].

C6 rat nhiéu phuong phéap va k¥ thuat da duoc 4p dung dé rit ngin khoang
cach ngir nghia, trong d6 co thé ké toi nhu 1a: st dung md hinh hoc may
(machine learning) dé lién két cac dic trung cap thap véi dic trung cap cao, ap
dung méd hinh tra ctru dua trén cdy hodc do thi, xay dung dbi tuong ban thé hoc
(ontology), két hop phan hdi lién quan (relevance feedback - RF ), van van.

Trong mot hé théng CBIR c6 két hop phan héi lién quan, ngudi ding c6
thé giri vao mot hinh anh mau hoac mot yéu cau truy van don gian téi hé théng
tra ctu, véi muc dich tim kiém nhiing hinh anh déng nhu mong muén. Budc
mét, hé théng tra ctru s& biéu thi anh dau vao hoic yéu cau truy van bang mot
vecto dic trung. Budc hai, khoang cach (chinh 1a cac diém tuong dong) giita cac
vecto dic trung ciia vi du truy van va cic vecto dic trung cua hinh anh trong co
s& dit liéu s& duoc tinh todn va xép hang. Budc ba, tra ciru duoc thuc hién bang
cach 4p dung luoc dd 1ap chi muc. Budc bén, hé thdng xép hang cac két qua tim
kiém va sau d6 tra vé cac két qua gan gidng véi vi du truy van nhat. Budc 5,
ngudi dung s& nhan duoc nhitng két qua tim kiém nay va danh gia xem liéu nd
c6 lién quan toi hinh anh minh muén tim hay c¢6 phi hop véi mong mudn cua
minh hay khdng. Vong lip s& duoc lap lai & budc mot cho dén khi nio nguoi
dung tim dugc ding hinh anh theo yéu cau caa minh méi thoi.

Mic du da cai thién duoc tinh ning tra ciu anh, tuy nhién k¥ thuat phan hoi
lien quan van c6 nhitng han ché nhat dinh. Nguyén ly hoat dong caa hé théng
CBIR truyén théng két hop RF, chinh la nhiing anh duoc tra vé, s& cé lién quan
hodc ¢6 diém twong dong véi anh mau truy van trong khong gian dic trung. Tuy
nhién, su twong dong giira cac hinh anh trong tdm tri ngudi dung, & cO su sai
biét v&i khoang cach gitra chung trong khong gian dic trung. Didu nay c6 nghia
1a, nhitng hinh anh lién quan dén anh mau, c6 thé nim rai rac & trén toan bo



khéng gian dic trung chir khong tap trung & mot mién nhat dinh, phan thanh
nhiéu cum chir khéng tap hop & duy nhat mot cum. DBé khic phuc han ché nay,
ching ta s& 4p dung phuong phap phan cum phd trong CBIR, két hop clng RF
[33].

Nhu di trinh bay & trén, ching ta cd thé thy rang, ky thuat phan hoi lién
quan truyén thong khdng hoat dong tét khi di chuyén tam truy van. Co ché hoat
déng cua phan hdi lién quan, chinh 1 tinh toan mot hay nhiéu diém truy van méi
trong khong gian dic trung, dong thoi thay d6i ham khoang céch. Ap dung
phuong phap phan cum phd, ta c6 thé tinh duoc cac diém truy van mai, nhiing
truy van méi nay c6 sir dung cac phan hoi/danh gia ciia ngudi ding vé viéc hinh
anh co lién guan hay khong [33].

Hinh 2.6(a) da biéu dién mét truy van méi bang mot diém don, dong thoi
thay doi cac trong sé cua cac thanh phan dic trung, qua d6 tim ra mot diém truy
van téi vu va mot ham khoang cach téi vu. O truong hop nay, mot diém don
duogc tinh toan bang céach sir dung trung binh trong sé cua tat ca cac anh lién
quan trong khong gian dic trung. Cac duong vién biéu dién cac duong co do

tuong tu twong duong [33].

Hinh 2.6(b) thi biéu dién mot truy van mai bang nhiéu diém (da diém), qua
d6 xac dinh hinh cua duong vién. O truong hop ndy, mot phuong phap phan
cum da duoc st dung dé tinh toan cac diém truy van méi, trong do cac diém truy
van méi nay co st dung cac phan hdi/danh gia ciia ngudi ding vé viéc hinh anh
cé lién quan hay khéng. Trén gia dinh la: Cac hinh anh lién quan dugc anh xa
sang cac diém gﬁn nhau theo d§ do tuong tu. Mot duong vién rong duoc xay
dung dé phu tat ca cac diém truy van va hé thong tim cac anh tuong tu véi cac
truy van nay [33].



Hinh 2. 6(a) Dich chuyén diém truy vin (b) Hinh dang 16i (da diém)(c) Hinh
dang lom (da diém)

Muc dich cua hé théng CBIR 1a dé cho ngudi dung co thé tra ciu hinh
anh tir cac co s dir liéu anh 16n. Trong hé théng, cac hinh anh s& duoc biéu dién
bang cac dic trung tir mic thap dén muc cao (gitra ching 1a khoang cach ngir
nghia), va cic ham khoang cach s& dugc sir dung dé diéu khién céc truy van.
Vay nén khong thé pht nhan sy tuong tac, hd tro 13n nhau cia khoang cach ngi
nghia va do do twong tu. Han ché cua hé théng CBIR 1a doi khi cac anh can tim
lai dugc xép hang theo do do twong tu ddi vai cac anh truy van, vay nén nhirng
hinh anh nay s& khong duoc tra vé néu nhu chiing nam rai rac trong khéng gian
dic trung, va trong khi két qua tim kiém chi 1a cac anh trong khoang 1an can véi
anh truy van ma thoi.

Dé giai quyét nhitng han ché nay, luan vin s& dé xuat va nghién ctu mot
phuong phap cai thién sy tuong tac giita nguoi ding va hé théng tra ciu anh,
théng qua viéc thu thap, tan dung y kién ctia nguoi dung va cac do do tuong tu.
Nguoi ding s& khong phai ding quéa nhiéu hinh anh dé biéu dat yéu cau tra ctu
ctiia minh, va thoi gian tra ciu ciing s& khong ting trong truong hop ¢é nhiéu y
kién hodc anh phan hoi.

2.4.2. Phan tich va xay dung mé hinh
Ta goi phuong phap stir dung la Spectral Clustering Relevance Feedback,
viét tat 1a SCRF. Hinh 2.7 1a so d6 thé hién qua trinh hoat dong cia SCRF [34].
Budc 1, tap anh truy van duoc dua vao, hé thdng tién hanh trich xuat dic
trung cua anh. Cac anh nay s€ duoc luu trir thanh tap cac vécto dac trung.



Budc 2, ap dung d6 do twong tu Vi cac vécto dic trung cd dugc ¢ budc
mét, tién hanh so sanh, phan hang d6 twong dong cua cac anh truy van véi céc
anh co trong co so dir ligu.

Budc 3, xay dung duoc tap anh 1an cin véi tap anh truy van, tao thanh tap
két qua va chuyén né cho ngudi ding.

Budc 4, ngudi ding chon ra nhitng anh phi hop véi yéu cau caa minh, tap
anh phan hoi dua trén y kién ctua nguoi dung dugc hinh thanh tir day.

Budc 5, ¢ tap anh phan hdi, thuat toan phan cum phé s& duoc ap dung. Céc
cum ngir nghia tir 46 duoc hinh thanh.

Budc 6, voi mdi cum ngit nghia duoc tao dung, SCRF s& tién hanh tim dai
dién cho mdi cum dé hinh thanh truy vén da diém.

Buac 7, qua trinh tra ctru duoc lap lai ¢ budc 3, chi dung lai khi nguoi
ding nging phan hoi va dua ra tap két qua cudi cing.

! 1

! Tap ket i

Vécto dac : qua :
trung : $ |
So sdnh | DO tugng : Tép anh Phan hoj| Tap anh :

Tap céc vécto [t T 7| tra clru "| phan hoi :
dac trung Phdn hang 7 Tva ciiu Phan cum!
: da diém pho :

: Truy van | Céc cum !

Tép anh i da diém | Tao cde | ngit nghia |
diém i

Hinh 2. 7. Cdu triic ciia phwong phdp SCRF

2.5. THUAT TOAN PHAN CUM TRONG PHUONG PHAP TRA CUU ANH
2.5.1. Y twéng

Y tuéng: SCRF tién hanh phan cum tap anh phan héi cia ngudi dung, nho
d6 ma c6 dugc cac cum ngit nghia. Thong qua cac cum ngir nghia, SCRF tim dai
dién cho mdi cum. Mdi dai dién dugc sir dung dé thuc hién truy van da diém o
lan lap tra cau tiép theo [34].



Tinh cai thién: SCRF s& tim cac anh tuong dong véi bat ca diém nao hay
dai dién ndo cua truy van da diém. Qua d6 s& lay duoc tap da dang cac anh nam
phan tan trong toan bo khong gian dic trung, chir khéng chi tap trung tim kiém
vao truy van trung tdm dua trén cac mau tich cuc ma ngudi ding chon nira [34].
2.5.2. Thuit toan phan cum tip anh phan hdi tir nguwoi dung

O budc 4 cua phuong phap SCRF, ngudi dung s& chon ra tap anh phd hop
v6i yéu cau cia minh, qua d6 hinh thanh nén tap anh phan hoéi. Bé khai thac
thong tin twong dong giita cac anh trong tap anh phan hoi, ta sir dung thuat toan
Clustering Relevant Images Set Using Eigenvectors, viét tat 1a CRISE, hay con
goi la k vécto riéng, dé hinh thanh cac cum ngir nghia. Nhitng anh dwoc chon
lam dai dién cho mdi cum ngit nghia phai 1a anh tuong dong nhét vai tat ca cac
anh trong cum. Sau d6 1a dén buéc 5, 6, 7 ctia myc 2.4.2.

Nguyén nhan st dung CRISE, 12 do thuat toan nay hoat dong tét hon so véi
cac thuat toan phan cum truyén théng. Uu diém cua CRISE chinh Ia: n6 phan
cum céc hinh anh dugc két ndi véi nhau, va nhiing anh nay khong nhat thiét phai
bi phan nhém vao trong cac vung c6 hinh dang 16i (da diém) - xem lai Hinh
2.6(b). Vay nén ta co thé d& dang tim kiém duoc nhitng hinh anh cé lién quan
nam phan tan trong tat ca cac phan cua khong gian dic trung, dong thoi cai thién
dugc tinh chinh xac ciing nhu thoi gian tra ctu [34].

Dudi mét biéu dién @b thi, phan cum c6 thé duoc phat biéu tu nhién nhu
mot bai toan phan hoach d6 thi. O day, chung ta sir dung phuong phap sir dung K
vécto riéng va tinh tryc tiép phan hoach k-way. So véi phuong phap st dung
mot vécto riéng tai mot thoi diém va goi dé quy, phuong phap sir dung k vécto
riéng dugc chi ra 1a tét hon vé mat thuc hanh. N6i chung, mot phuong phap
phan hoach db thi ¢ gang t6 chirc cac nat thanh cac nhém sao cho do tuwong tur
trong pham vi nhom 1a cao, va/hoic d6 tuong tu gitra cAc nhom 1a thap. Mot dd
thi da cho G = (V, E) véi ma tran affinity A, mot cach don gian dé dinh luong
gia cho cac nat phan hoach thanh hai tap roi nhau C; va C,(C; N C, = @vaC, U
C, = V) la tong co trong sb cua cac canh ma két ndi hai tap.

Pau tién, tir n diém dir liéu anh, phuong phap xay dung ma tran affinity A



lsi=s;1°
ay=e 27 (i#j,a;=0) (219)

O day tham s6 ti 1§ o diéu khién muc do &p luc a;; giam nhanh thé nao vai
khoang céch giita s; va s;. Mot gid tri a; gitra hai anh 13 “cao” néu hai anh 1 rat
tuong tu.

Xay dung ma tran duong chéo D trong d6 phan t (i,i) 12 tong hang thi |
ctia matran A. D la mot ma tran chéo v6i Dy; = X1 a;;

Tinh ma tran Laplace chuan héa: L = D-1/2 A D-1/2

Tim k vécto riéng xj, Xp,... X, 16n nhat ctia ma tran L, trong d6 x;=(X11, X12,
X13:"'7 Xln), X2:(X211 X221 X239 ceey X2I’l)9 ceey Xk:(xkl1 Xk21 Xk3: ceey an) Vé’ Xéy dung
ma tran X = [xT, xT...., XT] € R™, cu thé:

X1 T IIT ."U-T ILT
X11 X21 X3l e Xkl
X12 X322 X3z aus X2
X13 xX23 X33 ae Xk3
Xin XIn Xin Xkn

Xay dung ma tran Y tir X bang viéc chuan héa mdi dong cua X 1a chiéu dai
don vicuamatran'.

x. .
Vi, = ——Y
ij 1 (2.20)
J iy
Vi ¥ iz Y13 Vik
¥ | vy Va2 Va2 W2k
Vi [ ya V32 W33 Vik

Yk | ¥al Y2 Vnk



MJi dong cua ma tran Y dugc xem nhu 1a mot diém trong khdng gian
vécto k chiéu. Bén day, s& c6 n diém trong khong gian Rk, phan cum (y;) i=1...n
trong khdng gian Rk thanh k cum C1, C2, ..., Ck thong qua K-Means. Cudi
cung, gan diém si toi cum j néu va chi néu hang tha i cia ma tran Y twong tng
véi cum .

Dudi day mo6 ta thuat todn phan cum s dung k vécto riéng CRISE
(Clustering Images Set Using Eigenvectors) thuc hién viéc phan cum tap cac
anh lién quan ma nguoi dung chon thanh k cum.

Thuit toan CRISE
Input: -Tapcacanh S=1{s,8,,...8,};5,ER*
- Sbcumk;
Output: k cum: C,,C,,...C,;
Buwéce 1: Xdy dirng ma trdn affinity

Fori<«1tondo
Forj<« 1tondo

Ifiz; a, <—exp{5

Else a, <0
Buwdc 2: Xdy dung ma trdn diwong chéo va ma trdn Laplace L

Fori« 1 tondo
d, « Z;‘=1=._.,m a;
L« D"4D™
Buwéc 3 : Tim k vécto riéng 1én nhdt X,,X,,...,X, ciia ma trdn Laplace

Fori<« 1tokdo




X, < Largest_eigen vector(L)
X« |:\’1T ,xi,...,xi]

Buwdce 4: Xdy dung ma trdgn Yiir X
Fori«1tondo

Forj<« ltondo

1/2
v <x / :

Y At
Y« [yv.‘"z’- : -.Vk]
Buwdéce 5: Phin thanh k cum théong qua K-Means
P«
Fori<« ltondo
D <Y,
P« Pup,
K-Mean(P)
Buéce 6: Gan cdc sivdo cdc cum

Fori <« 1tondo
If (
C' -

CI_ <« CJ_ Us,

Return C,C,,...,C,

Vi du: Gia sir tap anh trong co sé dir liéu dugc biéu dién boi do thi nhu

Hinh 2.5, nhiém vu la phan tap anh thanh hai cum (k=2).

LS S,
08 2 08/ ™08

@ '-.I..D.ﬁ o @ o

|\ o 0.
08 @ — 02
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Hinh 2. 8. Pé thi biéu dién co sé& dir lidu anh
Tinh ma tran Affinity A, ta duoc:

0 0.8 0.6 0 0.1 0
0.8 0 0.8 0 0 0
0.6 0.8 0 0.2 0 0

0 0 0.2 0 0.8 0.7
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0.1 0 0 0.8 0 0.8

0 0 0 0.7 0.8 0

Tinh ma tran d6i xiing D, ta c6:

1.5 0 0 0 0 0
0 1.6 0 0 0 0
D= 0 0 1.6 0 0 0
0 0 0 1.7 0 0
0 0 0 0 1.7 0
0 0 0 0 0 1.5
Sau khi c6 D, ta c6 D-1/2:
1.224 0 0 0 0 0
0 1.264 0 0 0 0
D-1/2 = 0 0 1.264 0 0 0
0 0 0 1.303 0 0
0 0 0 0 1.303 0
0 0 0 0 0 1.22
Tur D-1/2 va A, tinh ma tran Laplace chuan hoa L, ta co:
0 1.237 0.928 0 0.159 0
1.237 0 1.278 0 0 0
0.928 1.278 0 0.329 0 0
L= 0 0 0.329 0 2.489 1.116
0.159 0 0 1.358 1.292 1.275
0.151 0 0 2.408 2.505 1.214

Tim gia tri riéng cta ma tran Laplace L, ta co:

A1 |4.453078 A4 -1.289313
Ao |2.294362 As |- 0.735609+0.11438809i
A3 F1.480126 Ae |-0.735609- 0.1143889i

Chon 2 véc to riéng 16n nhat twong tng véi hai gia tri riéng Ion nhat 1a A1
= 4.453078 va A2 = 2.294362, ta co:

+ x1 =(0.03431904, 0.02337397, 0.04820157,



0.46421601, 0.49628174, 0.73086278)

+ X2 = (0.55156401, 0.60938701, 0.55977393,

-0.01995990, -0.05256799, -0.08897172)

0.03431904 0.55156401
0.02337397 0.60938701
X= 0.04820157 0.55977393
0.46421601 -0.01995990
0.49628174 -0.05256799
0.73086278 -0.08897172

Tiép theo, chuan hoéa ma tran X dé c6 ma tran Y

0,062101223 0,998069856
0,038328344 1,638582578
Y = 0,08579152 0,996313111
0,999076908 -0,042957319
0,994436856 -0,105334415
0,992671624 -0,12084307

Sau khi c6 hai véc to riéng x1,x2, xay dyng ma tran X = [x1T, x2T] € R™

MJdi dong ciia Y s& tuong ung VSi mot diém pi trong khong gian véc to 2:

1.8 r
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Phan cum K-Means chtling ta duoc:

- Cum A gom: p1, p2, p3;




- Cum B gém: p4, p5, p6

Gan si vao cac cum:

2.5.3. Tim anh dai dién cho cum

Dé thuc hién viéc tra cau anh hiéu qua, phai thu duoc mot anh dai dién
thich hop cho mdi cum. O day, mot anh duoc chon 1a dai dién cho mot cum
phai 13 anh ma twong dong nhat véi tat ca cac anh trong cum. Phat biéu nay
duoc minh hoa bang todn hoc nhu sau: V&i mot biéu dién dd thi caa cac anh
duoc cho G=(V,E) véi ma tran affinity A, cho tap cdc cum anh la {C1, C2,...,
Ck} (tap c&c cum nay cling nay ciing la mot phén hoach cua V, tac la (Ci NG =

@va Uk, C; =V)vaciala

arg maxXjec; Z - Gy (2.15)
JEC;

Nhu vay, véi mot cum, anh dai dién 1a anh ma c6 tong d6 tuong tu trong
pham vi cum la cuc dai.

2.5.4. Khoang cach tir mdt anh dén truy vin da diém

Khac véi cac phuong phap tra ctu anh khac, phuong phap nay sé€ hinh
thanh 1&n truy van da diém Mo = (Q1, Qa,.. Q) tir cic dai dién ciia mdi cum. Khi
d6, khoang cach tir mot anh dén truy van da diém Mg = (Q1, Q2,.. Q) la cuc tiéu
caa cac khoang cach co trong sé tir mot anh dén mdi Q; trong truy van da diém
va duoc tinh theo cdng thic:



D(DI_i, MQ) = min;_,_,dist(DI;, Q;) (2.16)

Trong cong thac (2.14), dist(DI;,Q;) véi i=1..., N, j=1..., k 1a khoang céch
tir mot anh DI; dén mot diém truy van Q; trong truy van da diém MQ.
2.5.5. Thuit toan tra ciru anh sit dung phan cum phd trong phan hoi lién

quan

Dué6i day mo ta "Thudt toan tra cttu anh st dung phan cum phé trong phan
hoi lién quan”, viét tit 1a SCRF. Khi ngudi dung thuc hién truy van, phuong
phap sé& sir dung thuat toan MQMRBR dé tra ctru trén tap cac anh co s dir ligu
DI va cho két qua 1a tap cac anh S. Nguoi ding thuc hién viéc chon tap cac anh
lién quan E trong tap S thong qua ham User Choose Relevancelmage(),
phuong phap sé phan cum tap E nay thanh k cum théng qua thuat toan CRIES
va tim dai dién cho k cum d6 thong qua ham Compute_Representative() va gan
cho tap dai dién. Khoang céch gitra anh co s& dir liéu DI; va truy van da diém
MQ duoc tinh theo cong thuc (2.14). Qué trinh nay tiép tuc cho dén khi nguoi
dung durng viéc chon cac anh lién quan.

Thuét toAn tra ciru anh hiéu qua s dung phin cum pho trong phan hoi lién quan
Input

Tap N anh co so dir ligu DI

Anh truy van Q
Output

Tap anh két qua S




MOQMRBR (DL Q, S) // thiec hién trén tap anh DI véi truy van Q dé cho ra tap ket
qua s
Repeat
E < User_Choose_Relevancelmage (S, n) // ngiroi dung chon cac anh lién
quan tirtap S
C « CRIES (E, k) // phan tdp anh lién quan E thanh k cum
RI «— Compute Representative (C, M)
Forl<-1toNdo
Forj«ltokdo
Tinh dis: theo cong thitc sau: dis: = min;=1_kdisy
Sort (DI) // Séip xép cac anh trong tdp anh co so di liéu DI theo thir tir téng
dan eia khodng cdch so véi truy van da diém MO.
Return S’ // danh sach anh c6 khoang cach nhé nhét véi MQ
Untill (User dimg phan hoi)

Két luan chuong 2

Muc dich nghién ctru caa luan vin 1a st dung ki thuat phan cum phd két
hop clng phan héi lién quan dé cai thién tinh ning tra cttu anh dya trén noi
dung. Nghién ctu cia hoc vién duge thuc hién dua trén sy ké thira va phat trién
caa mot nghién ctu trude do 1a "Nghién clru phuong phap tra ctu anh dya trén
phuong phap phan cum do thi" cua tac gia Nguyén Thi Huong, thuc hién ¢
truong dai hoc Cong Nghé Thong Tin va Truyén Thong Thai Nguyén.

Phuong phap SCRF va (ng dung ciing wu diém cua thuat toan CRISE dugc
dé cap trong luan vin ciing 1a mot su tiép ndi va phat trién tir nghién ctiu cua tac
gia Nguyén Thi Huong. Pay 1a nhiing tién dé quan trong dé hoc vién ap dung va
xay dung mot chuong trinh tra citu anh mé phong. Chuong trinh md phong ap
dung k¥ thuat phan cum phd két hop phan héi lién quan s& duogc trinh bay trong

chuong 3 luan van.



CHUONG 3. CHUONG TRINH MO PHONG KY THUAT PHAN CUM
PHO VA UNG DUNG PE TRA CUU ANH DUA TREN NOI DUNG

3.1. CHUONG TRINH MO PHONG KY THUAT PHAN CUM PHO
3.1.1. Cac buéc méd phéng phan cum phd

Thuat toan phan cum phé - Spectral Clustering sir dung théng tin la cac gia
tri riéng (phd) cua cac ma tran duoc xay dung tir dd thi hoac tap di liéu, tim ra
cac diém co d6 twong dong voi nhau va tao thanh mot cum [42]. Trong bai toan
tra ctru anh, d6 thi hoic tap di lidu nay duoc tao nén tir thong tin duoc trich xuat
tur anh.

Khai quat cac budc trong ky thuat phan cum pho da trinh bay ¢ phan ly
thuyét Chuong 2 nhu sau:

- Dit liéu vao: D6 thi G, gdm dinh va céc canh.

- Quaé trinh thuc hién:

1. Tinh ma tran ké W.

2. Tinh ma tran Laplacian L.

3. Tinh toan k vector riéng ctia ma tran L.

4. Str dung thuat toan K-means dé phan cum dya trén cac vector riéng.

- Dit liéu ra: Nhan caa cum doi voi timg diém di liéu.

3.1.2. Cong cu va dir liéu

Pé mo phong thuat toan phan cum phd, hoc vién sir dung cac cong cu va
dtr liéu nhu sau:

- Ngon ngir lap trinh: Python: La ngdn ngir lap trinh bac cao, co tinh linh
hoat, nhiéu thu vién hd tro, phi hop cho cac giai thuat khai pha dit liéu, hoc may
va hoc sau.

- Cong cu: Google CoLab Pro [35]: La mét dich vu dién toan dam may cua
Google Research. Google ColLab vira la mot IDE vira 1a moéi trueong Linux, cho
phép c4c ngudi dung ndo viét ma ngudn trong trinh va chay nd tir trinh duyét.



Cong cu nay hd tro ngdn ngir 1ap trinh Python duoc hd trg CPU/GPU ¢6 téc do
tinh toan cao hon nhiéu so véi cac may tinh ca nhan.

- Thu vién Scikit-learn (Sklearn) [36]: La thu vién hoc may mién phi cho
c4c thuat toan hoc duoc viét trén ngdn ngir Python. Ching cung cap mot tap cac
cong cu xir ly céc bai toan gém: Phan 16p, phan cum, hdi quy, giam chiéu di
liu. Thu vién dugc cip phép ban quyén chuan FreeBSD va chay dugc trén
nhiéu nén tang ban phan phdi caa Linux.

- Dir liéu: Thuat toan dugc chay trén cac di liéu thuoc Toy Dataset, bao
gom 04 bo dix liéu: blobs, moons, circles va aniso [37].

L)
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Hinh 3. 1. Minh hoa phdin bé cdc diém trong bo dir liéu
3.1.3. Cac budc phan cum véi bo dir li€u blods
L4y bo dit liéu blods lam dai dién, thuc hién cac budc trong ky thuat phan
cum phd nhu sau:
- Tinh ma tran Laplacian:
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+ Tinh ma tran k& W;
+ Tinh ma tran Laplacian tir ma tran k& W.

Hinh 3.2 thé hién biéu d6 heat map cua ma tran Laplacian trén bo di liéu
blods. Biéu db nay gilp biéu dién truc quan d6 16n cua cac phan ta trong ma
tran. Nhan xét rang, ngoai cac phan tir trén duong chéo chinh, cac phan tu con
lai phan déu nho hon hoic bang 0 (thé hién bang mau vang nhat).

Biéu d6 Heat Map cla ma tran Laplacian

. I“

QB oS T e R e e st
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Hinh 3. 2. Biéu do Heat Map cua ma tran Laplacian trén bo dir li¢u blods
Hinh 3.3 thé hién gia trj riéng ctua do thi Laplacian trén bo dit liéu blods,
theo gid tri ting dan. LAy 10 gié tri dau tién tir biéu do gié tri riéng ¢ trén lam dai
dién, ta thay rd duoc céc gia tri riéng gan bang 0 cua d6 thi Laplacian, dugc thé
hién ¢ Hinh 3.4.
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Biéu db gia tri riéng cda dé thi Laplacian

12
10
B
-
6
4
2
1]
0 200 400 600 800 1000
index
Hinh 3. 3. Biéu dé gid tri riéng ciia dé thi Laplacian trén tdp blods
C6 thé thay rang, cac diém c6 index 12 0, 1 va 2 c6 gia tri riéng y bang 0.
Bigu dd 10 gia tri riéng dai dién cda dé thi Laplacian (First 10)
.
0.20
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.
= ° ] ]
0.10 L
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005
0.00 L L L
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index

Hinh 3. 4. Biéu dé 10 gia tri riéng dau tién dai dién cia do thi Laplacian trén bo
dir liéu blods
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Tinh toan cac vector riéng tir gia trj riéng, ta c6 biéu do thé hién do 16n céc
phan tir trong mdi vector riéng cua do thi Laplacian trén tap dir liéu blods, dugc
thé hién tai Hinh 3.5.

D6 lén cac phan tlr trong moi vector riéng cha da thi Laplacian

005

004

0.03

Qo2

001

0.00

--0.01

Vo vl w2
Hinh 3. 5. Bé I6n cdc phdn tir trong méi vector riéng ciia dé thi Laplacian trén
bo dir liéu blods

Biéu d6 trén cho thiy d6 16n cua cac phan tir, dugc nhém vao 03 cum Ia
v 0,v_1vav 2.D0 16n cua céc gia tri duoc thé hién bang mau sic tuong Gng.

- Phan cum voi K-means: Ta sir dung cac vector riéng dau tién cia ma tran
Laplacian dé phan cum, &p dung thuat toan véi K-means. Véi k 1a s6 cum, thuat
toan tién hanh phan cac diém trén d6 thi thanh k cum, sao cho cac diém trong
cling mdt cum ¢6 nhiéu sy twong dong nhat.
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C6 thé st dung phuong phap elbow dé xac dinh sé cum twong tng. Error!
Reference source not found. thé hién két qua xac dinh s6 cum trén tap blods,
véi cac sb cum dé nghi 1a 3, 4 hoic 5 khi xem xét cac sé cum trong khoang (0,
6).

Inertia K-Means
200 .

175

125

100

inertia

075
050
025

000 » L L

10 15 20 25 30 35 4.0 4.5 20
k

Hinh 3. 6. Phuwong phdp elbow xdc dinh sé cum trén tdp blods

Két qua phan cum véi K-means cho két qua cac diém duoc chia thanh 03
cum (twong tng V4i ba mau khac nhau), duoc thé hién tai Hinh 3.7.

K&t qua trén tap blods
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Hinh 3. 7. Két qua phdn thanh 03 cum trén tdp blods

Nhan xét rang, thuat toan phan cum phéd véi K-means hoat dong hiéu qua
trén bo dit liéu blods, cac diém duoc nhdm thanh ba cum véi cac dic trung riéng

rat rd rang.

3.1.4. Ket qua phan cum trén cac bg dir liéu moons, circle va aniso

Tuong tu cac budc phan cum dbi véi bo dit licu blods, tién hanh phan cum
trén cac bd moons, circle va aniso. Thong tin vé sé lugng diém va sé cum cua

cac bo dir liéu dugc cho tai Bang 3.1:

Bang 3. 1. Thong tin vé cdc b¢ dit liéu moons, circle va aniso

moons

circle aniso

2

2 3

Két qua phan cum trén céc bd dit liéu moons, circle va aniso lan luot duoc

thé hién tai Hinh 3.8, Hinh 3.9 va Hinh 3.10 nhu sau:

125

100

0.75

0.50

~ 025

0.00

-0.25

-0.50

-0.75

-1.0

K&t qua trén tap moons

0.0 0.5 10 15 20

Hinh 3. 8. Két qud phdn cum trén tdp moons véi sé cum la 02
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K&t qua trén tap Circle
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Hinh 3. 9. Két qud phdn cum trén tdp circle véi so6 cum la 02

K&t qua trén tap aniso
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Hinh 3. 10. Két qua phdn cum trén tdp aniso véi s6 cum la 03
Tur két qua phan cum trén 04 tap dix liéu blods, moons, circle va aniso, ta
thay rang thuat todn phan cum phd véi K-means hoat dong hiéu qua. Cac diém
trong ciing mot cum khi biéu dién trén toa do thé hién duoc su tuong ddng nhiéu
hon so vé6i cac diém khdng thudc trong cum.
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Thuat toan dugc irng dung cho bai toan tra ciru anh sir dung ky thuat phan
cum phd, dugc trinh bay & phan tiép theo cua chuong nay.

3.2. CHUONG TRINH TRA CUU ANH DUA TREN NOI DUNG SU DUNG
KY THUAT PHAN CUM PHO

3.2.1. M6 hinh cta chwong trinh tra ctru 4nh dyga trén ndi dung sir dung ky
thuit phan cum pho

3.2.1.1. Hé thong tra ciru dnh dwa trén néi dung

Hé thong tra ctu anh dya trén noi dung - Content-Based Image Retrieval
(CBIR) c6 chuc nang tra ciu tim cac anh tuong déng vai mot anh duoc truy
van. Thuat toan tién hanh phan tich noi dung cua anh thay vi dya vao céc siéu
dir liéu nhu tir khoa, thé va cac mo ta cua anh. Uu diém ctia phuong phap tra cau
anh nay la viéc trich chon dic trung duoc thuc hién mot cach tu dong va gitr
duoc su nhat quan trong noi dung caa anh [42].

Trich rut
dac treng

Co s6 di¥
liéu dac
treng

Trich rat

dac trung Sap xép

Véc to dac
trng

i q’L.la )
cuu

Hinh 3. 11. M6 hinh hé théng tra cieu anh dya trén noi dung
Hinh 3.11 thé hién mé hinh hé thong tra ctu anh dua trén ndi dung. Trong
d6, cac anh trong ca tap anh va anh truy van dugc trich xuét dic trung, thé hién
bang cac vector dic trung dugc luu trit trong co s dir liéu. Su twong dong giita
hai anh duoc danh gia thong qua do tuong tu, la phép tinh “khoang cach” gitra
hai vector dic trung cta hai anh. Thong qua két qua danh gia nay, cac anh c6 do
tuong ddng cao nhat s& duogc lya chon 1am dau ra cho qué trinh tra cuu.

3.2.1.2. Qud trinh tra civu anh dwa trén phén cum phé

Trong chuong trinh tra citu anh dya trén ky thuat phan cum pho, cac buéc
chinh caa chuong trinh dugc thé hién & Hinh 3.12:



Trich rut
dac treng

Anh truy van Veclordac D6 twong t Cum trong
trung ddng

A Xép hang
Phan cum
A 4
Trich rut Spectral Cum
3 , Clustering
2 & dac treng recter
Tap anh 3 ey veee R
Co s& di¥ liéu dac Két qua
dac trrng trieng

Hinh 3. 12. Quy trinh tra civu anh dwa trén phan cum phé

Xem xét tap anh 1a dudi dang mot do thi, véi mdi anh 1a mot dinh, do
tuong dong gitta cac cip anh 14 trong sé cua canh ndi hai dinh d6. Thuat toan
phan cum pho s& chia cac birc anh trong tap anh thanh cac cum khéc nhau véi
noi dung tuong dong véi nhau, vai mdi cum duge dic trung boi mot tam cum.

- Tap anh dugc rat trich dic trung, tao nén co s dir lidu dic trung. Ap
dung k§y thuat phan cum pho dé tao nén cum vector dic trung.

- Anh truy van sau khi rat trich dic trung, s& duoc danh gia do twong dong
véi cum vector dic trung dé tim ra cac cum tuong dong.

Viéc xép hang cac cum tuong dong nay cho phép hé théng dua ra cac anh
tra ciru duoc c6 do twong dong cao nhat so vai anh truy van.

Trong md hinh nay, khi tra ctu anh, thay vi so sanh d6 twong dong gitra
véc to dic trung cua anh truy van véi ting anh trong tap anh, thi ta chi can so
sanh no véi véc to dic trung cua thm cac cum, boi thm ndy c6 thé dai dién cho
mot cum [42].

3.2.2. Moi trwong va ky thuat

Moi trudng phét trién chuong trinh nhu sau:

- Ngon ngir 1ap trinh Python.

- Flask Framework [38]: Phat trién dya trén Python dé xay dung chuong

trinh hoat dong trén nén tang Web.

Céc ky thuat sir dung:



- Trich xuat dic trung: Str dung mang VGG16 ImageNet [39] dé trich xuét
dac trung cho hinh anh, cac dac trung tao thanh vector dac trung va luu dudi

dang DataFrame.

max-pool
2x2

224x224x3

4096 4096 1000

Hinh 3. 13. Kién triic mang VGGI6
Kién tric cua mang VGG16 duoc thé hién ¢ Hinh 3.13. Kién tric nay bao
gom 13 layers tich chap hai chiéu va 03 16p két ndi day du. Trong VGG-16 ta
cling c6 khdi tich chap. Pay 1a nhitng kién tric gdom mot tap hop cac 16p cua
CNN duoc lap lai.

- K§ thuat phan cum phé, véi thuat todn phan cum K-means.

- P twong dong gitra hai anh duoc danh gia bang cong thie 6 do Euclid,
tinh boi cong thac sau:

DY) = | ) (=) (3.1)

Trong do:

- D(x, y) 1a d6 twong dong giira hai anh x va y;

- (X1, X, ey Xp) VA& (V1, V2, -, ) lan luot 12 vector ddc trung ctia hai anh
xvay;
3.2.3. Bo dit liéu anh
3.2.3.1. Bé dir li¢u Corel

Bo dit liéu anh thir nghiém 1a Corel Database [40]. Bao gom 10.800 anh c6
kich thudc khac nhau, dugc chia thanh 80 thu muc twong ung véi 80 16p, thé
hién 80 loai ddi twong khac nhau trong btc anh. Bo dit liéu c6 tong dung luong
la 39.9 MB.
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art_1 obj_decoys sc_cloud wl_cat
art_antigues obj_dish sc_firewrk wl_cougr
art_cybr obj_doll sc_forests wl_deer
art_dino obj_door s5C_iceburg wl_eagle
art_ mural obj_eastregg sC_indoor wl_elephant
bld _castle obj_flags sC_mountain wl_fish
bld_lighthse obj_mask sc_night wl_fox
bld_modermn obj_mineral sc_rockform wl_goat
bld_sculpt obj_moleculr sc_rural wl_horse
eat_drinks obj_orbits 5C_sunset wl_lepoad
eat_feasts obj_ship sC_waterfal wl_lion
fitness obj_steameng 5C_Waves wl_lizard
obj_234000 obj_train sp_ski wl_nests
obj_aviation pet_cat texture 1 wl_owls
obj_balloon pet_dog texture_2 wl_porp
obj_bob pl_flower texture 3 wl_primates
obj_bonsai pl_foliage texture 4 wl_roho
obj_bus pl_mashroom texture 5 wi_tiger
obj_car 5C_ texture 6 wl_wolf
obj_cards sC_autumn wi_buttrfly woman

Hinh 3. 14. Cac thu muc chira dit liéu tung [op dnh
Bang 3.2 thé hién chi tiét vé cac 16p (loai anh) va sé lwong mau cua ting
I6p trong bo dit liéu anh dugc sur dung.
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Bang 3. 2. Chi tiét vé cdc I6p va sé lwong mdu trong bé dir liéu

Tenfile | SO | Noi dung birc anh | Ténfile | S0lweng | Noidungbirc
anh anh anh
art 1 100 Tranh sc_cloud 107 May
art_antiques 100 | DPbdch sc_firewrk 185 Phéo hoa
art_cybr 100 | Viitry, vién twong | sc_forests 100 Ring
art_dino 100 Khung long sc_iceburg 100 Tang bang troi
art._mural 100 Tranh treo tuong sc_indoor 200 Trong nha
bid_castle | 160 | Lau dai Semountal | 398 | N
bld_lighthse 100 Hai dang sc_night 100 bém
bld_modern 100 Cong trinh hién dai sc_r?rc]:kfor 100 ba phong
bld_sculpt 100 Tugng sc_rural 100 No6ng thén
eat_drinks 100 | B6 udng sc_sunset 91 Hoang hén
eat_feasts 100 L& tiéc sc_waterfal 115 Théac nudc
fitness 100 | Thé duc SC_waves 100 séng
obj_234000 100 Bi ngd halowwen sp_ski 100 Truot tuyét
obj_aviation 100 | May bay c& nhan texture_1 100 Két cdu 1
obj_balloon 99 Khinh khi cau texture_2 100 Két cau 2
obj_bob 100 | Xe mini texture_3 100 Két cau 3
obj_bonsai 100 | Caycanh texture_4 100 Két cdu 4
obj_bus 100 | Xe buyt texture_5 100 Két cau 5
obj_car 136 | Xe 66 con texture 6 100 Két cau 6
obj_cards 100 | Thé bai wl_buttrfly | 200 | On buom
budém
obj_decoys 100 Tuong wl_cat 100 Méo hoang da
obj_dish 100 | - PASTENE ) cougr 100 | Béo
obj_doll 100 Bup bé wl_deer 200 Nai
obj_door 100 Ctra chinh wl_eagle 100 Dai bang
obj_eastregg 100 Trimg giang sinh wl_elephant 100 Con voi
obj_flags 100 Co wl_fish 200 Ca
obj_mask 1000 | Matna wl_fox 100 Céo
obj_mineral 100 Khoang san wl_goat 100 Dé
obj_molecul |45 | Chu triic phan ti wl_horse 100 | Ngua
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obj_orbits 100 Quy dao wl_lepoad 100 Bao
obj_ship 100 | Thuyén wl_lion 100 Sur tir
obj_stgeamen 100 | Xe cdng néng wl_lizard 100 Con than lan
obj_train 100 | Tau hoa wl_nests 100 Chim yén
pet_cat 100 Méo wl_owls 100 an chim ct
meo
pet_dog 150 Ché wl_porp 100 Céheo
pl_flower 400 Hoa wl_primates 100 Loai linh truéng
pl_foliage 100 L4 wl_roho 100 Con ha ma
p'—mﬁfhmo 100 | N&m wi_tiger 100 | Conhd
Sc_ 100 Hang dong wl_wolf 100 Cho soi
sC_autumn 103 Mua thu woman 550 Phu nir

Bo dit liéu Corel co dic diém la s6 16p nhiéu, véi 80 16p tuong tng véi 80
cha dé anh. C6 su khéac nhau kha rd rang giira chi dé noi dung anh caa mdi 16p.
3.2.3.2. Bé div liéu Oxford-111T Pet

Bo dit lieu Oxford IT-Pet [41] 1a bo dir lidu vé céac loai thi nudi trong
nha, gom 37 lép twong tng véi 37 giong loai (Hinh 3.15), chira nhiéu giong cua
ciing mot loai. Mai 16p bao gém 200 anh veéi tong dung lwong la 755 MB.

Bang 3. 3. Danh sach cac lop trong bo dir lieu Oxford

STT Tén 16p STT Tén 16p
1. Abyssinian 2 Leonberger
3. American_bulldog 4. Maine_Coon
5. American_pit_bill_terrrier 6 Miniature_pinscher
7. Baser_hound 8 newfoundland
9. Beagle 10. | Persian
11. Bengal 12. | Pomeraian
13. Birman 14. | Pug
15. Bombay 16. | Ragdoll
17. Boxer 18. | Russian_Blue
19. British_Shorthair 20. | Saint_bernard
21. Chihuahua 22. | Samoyed
23. Egyptian_Mau 24. | Scottish_terrier




25. English_coket_spaniel 26. | Shiba_inu

27. English_setter 28. | Siamese

29. German_shorthaired 30. | Sphynx

31. Great_pyrenees 32. | Staffordshine_bull_terrier

33. Havanese 34. | Wheaten_terrier

35. Japanese_chin 36. | Yorkshine_terrier

37. keshound
abyssinian english_setter Ragdoll
american_bulldog german_shorthaired Russian_Blue

american_pit_bull_terrier

basset_hound

beagle
bengal
Birman
Bombay

boxer

British_Shorthair

chihuahua

Eqyptian_Mau

english_cocker_spaniel

great_pyrenees
havanese
Japanese_chin
keeshond
leonberger

Maine Coon
miniature_pinscher
newfoundland
Persian

pomeranian

pug

saint_bernard

samoyed

scottish_terrier
shiba_inu

Siamese

Sphynx
staffordshire_bull_terrier
wheaten_terrier

yorkshire_terrier

Hinh 3. 15. Cdc I6p twong g véi moi giong lodi trong bé dit liéu Oxford

Nhin chung, bo dit liéu Oxford chira cac anh c6 do twong ddng kha cao
gitra hai 1op. Vi dy, cing mot loai c¢d thé dugc chia thanh nhiéu 16p khac nhau

twong uNng voi moi loai nhu pug, chihuahua, chiba_inu hay belgal.
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3.2.4. Thuc nghiém va thio luan
Chuong trinh tra ctru anh dua trén noi dung duoc xay dung va hoat dong
trén nén tang Web, trién khai trén localhost nhu sau:

Truy cap chuong trinh ra ctiu truy cap qua localhost, véi giao dién dugc thé
hién tai Hinh 3.16:

http://localhost/

Tra ctru anh dya trén ky thuat Phan cum phé - CBIR

| Choose File ‘No file chosen

Hinh 3. 16. Trang chinh hé thong CBIR dya trén ky thudt phdn cum phé

Sau khi hoan thanh trich xuat dic trung cho bo dit liéu anh, chuong trinh

hoat dong nhu sau:

- Lya chon anh can tra ciru (goi 1a anh truy van), cé thé 1a mot anh trong bo
dir liéu trude d6 hoac mot anh bat ky;

- He théng CBIR tra ctru trong co sé dit liéu va dua ra cac anh c6 do tuong

dong cao nhat véi anh truy van;
- Hé thdng tinh toan do chinh xac Precison, duoc tinh bang céng thic sau:

TP
P icion = ——— 3.2
resicion = 7P (3.2)

Trong do:

- TP: La s anh d3 duoc chon ma dung véi anh truy van;

- FP: La sb anh da dugc chon ma sai véi anh truy van;
3.2.4.2. Trich xudt thuc tinh va phan cum

Thuat toan thuc hién qua trinh tich xuat thudc tinh va phan cum cac di liéu
anh trudc khi cho phép truy van. Qua trinh trich xuat thugc tinh dién ra twong tu




trén hai bo di liéu. Qua trinh phan cum sur dung thuat toan k-means, twong tng
la 80 cum vai bo dix liéu Corel va 37 cum véi bo dix liéu Oxford.

Thoi gian danh cho trich xuat thugc tinh va phan cum dugc thé hién tai
Hinh 3.7. C4c anh duoc trich xuat trén méi trudng Windows 11, cau hinh chip
Intel Core i5 8250U, RAM 16GB.

Thoi gian trich xuat thudc tinh va phan cum

3500 3310.6
3000
2500 2230.4
=«
c 2000
©
)
o) 1500
ey
'_
1000 754.4
500 . 2806
0 I
Corel DB Oxford-IIIT Pet
M Trich xuat thudc tinh 3310.6 2230.4
B Phan cum 754.4 280.6

BO dir liéu

B Trich xuat thudc tinh ~ ®m Phan cum

Hinh 3. 17. Thoi gian cho trich xudt thudc tinh va phdn cum
trén hai bo dir lieu Corel va Oxford
Nhan xét rang, viéc trich xuat dit liéu chiém nhiéu thoi gian trong toan bo
qua trinh. Tuy nhién, viéc trich xuat dugc danh gia 1a nhanh méc du chi si dung
chipset danh cho thiét bi laptop di dong. Thai gian trich xuat thuoc tinh caa bo
dir liéu Oxford 12 it hon so véi Corel, 1an luot 14 2230.4s va 3310.6s, diéu nay c6
thé duoc giai thich boi s luong anh 1a it hon.

Déi véi thoi gian phan cum, bd dix liéu Corel cd thoi gian phan cum Ia
754.4s, chiém 22.8% so véi thoi gian trich xuat, con bo dix lieu Oxford Ia
280.65, chiém 12.6% so véi thoi gian trich xuat. Biéu ndy mot phan giai thich
bai s6 cum trén bo dit liéu Corel 12 80, nhiéu hon rat nhiéu so véi s6 cum trén bd
Oxford la 37.
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3.2.4.3. Truy vin trén bé div liéu Corel

Lan luot thir nghiém véi céc anh truy van trén bo dix liéu Corel, ta c6 két

qua minh hoa ¢ cac nhu sau:
Tra cttu anh dua trén ky thuat Phan cum phé - CBIR

| Choose File | No file chosen

ANH TRUY VAN:

KET QUA:

Precision: 1.0

True

Hinh 3. 18. Thir nghiém véi dnh truy vin la dong vit

86



ANH TRUY VAN:

KET QUA:

Precision: 0.97

True True

Hinh 3. 19. Thit nghiém véi anh truy vén la ldu dai

ANH TRUY VAN:

KET QUA:

Precision: 1.0

True True True
Hinh 3. 20. Thir nghiém véi anh truy vén la béng hoa
Thir nghiém véi mot sé anh truy van khac, thu duoc két qua & Bang 3.4:

Bdng 3. 4. Két qua truy van véi 10 ngueoi hop anh dau vao ciia b Corel

STT AAnh truy }),9 chinh STT AnhAtruy })9 chinh
van Xac van Xac
1 | Lau dai 0.97 6 Ban ghé 1.0
2 | Lyruou 1.0 7 Con ca 0.98
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Thttc dn 1.0 8 Con chim 0.85

4 Con cho 1.0 9 Nguoi  phu 1.0
ntr

5 Béng hoa 1.0 10 Con buém 0.98

Két qua thir nghiém cho thay, véi hau hét cac truong hop anh truy van dau
vao, hé théng CBIR tim dugc c4c anh trong co so dit liéu vai do chinh xac 1a

1.00, bao gom: Ly ruou, thic dn, con chd, bong hoa, ban ghé va nguoi phu ni.

Anh truy van c6 d6 chinh xac thap nhat 13 Con chim khi dat 0.84.

3.2.4.4. Danh gid trén b dir ligu Oxford-111T Pet

Truy van véi mot s anh dai dién cho mdi 1op, ta c6 thé qua duoc thé hién

nhu sau:

ANH TRUY VAN:

KET QUA:

Precision: 0.93

L s e A
True True

True

B
True

Hinh 3. 21. Truy vdn anh nhém Chihuahua
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ANH TRUY VAN:

e

KET QUA:

Precision: 0.75

True True

True True

Hinh 3. 22. Truy vin anh trong I6p american_pit bull_terrier
Bang 3.5 tom tit két qua truy van voi 06 anh dau vao cua bo dir liéu
Oxford, twong rng vai 6 16p.

Bdng 3. 5. Két qud truy vin véi 06 dnh dau vao ciia bé Oxford

STT Anh truy vin Do chinh xiac | STT | Anh truy van | P chinh xac
1 | american_pit_bull terrier 0.75 4 shiba_inu 1.0
2 | chihuahua 0.93 5 havanese 1.0
3 | persian 0.93 6 basset_hound 0.84

Két qua thir nghiém mot sé truong hop trén bo Oxford cho thay, hé thdng

van dat dugc kha nang phan loai chinh xac cao véi mot s6 16p nhu shiba_inu
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hay havanese, v6i 1.0. Tuy nhién, ciing c6 mot s6 nhom co do chinh xac thap
hon nhu american_pit_bull_terrier véi @6 chinh xac 1a 0.75 hay basset_hound la
0.84. Nhin chung, cé4c 16p khac nhau trong b dit liéu Oxford c6 sy twong dong
kha dang ké, diéu nay 1a mot phan anh huong téi kha ning tra ciru cua hé thong.

Két luan, hé thdng tra ctru anh dua trén phan cum phé di trinh bay & trén
cho phép truy van cac anh véi d6 chinh xac cao va toc d6 nhanh. Ddng thoi, viéc
trién khai trén nén Web gip cho hé thdng cé thé d& dang phan phdi va truy cap
boi s6 dong ngudi diing ma it yéu cau thém céc cai dat phac tap.

Két luan Chuong 3:

Két qua ctia Chuong 3 gdm hai phan, trong do, phan tha nhét 1a chuong
trinh mé phong thuat toan phan cum phd, phan thtr hai 1a chwong trinh @ng dung
ki thuat phan cum pho dé tra ctru anh dua trén noi dung.

O phan tha nhat, thuat toan phan cum phé duoc minh hoa st dung ngén
ngit Python, chay trén moi truong Colab, st dung thuat toan K-means dé phan
cum. Bo dit liéu dugc thar nghiém gom blods, moons, circle va aniso. Két qua
cho thay thuat toan hoat dong hiéu qua va cac cum duoc phan loai rd rang, cac
phan tir thudc ciing mot cum c6 céc tinh chat twong dong.

O phan tht hai, chuong trinh (ng dung k¥ thuat phan cum phé dé phan loai
anh dua trén ndi dung, hoat dong trén nén Web. Chuong trinh cho phép lua chon
anh truy van va dua ra cac két qua 1a nhiing anh c6 d6 tuong dong cao nhat véi
anh truy van. Thuat toan duoc thir nghiém trén hai bo dir liéu 1a Corel Database
va Oxford-111T Pet Dataset. Két qua thir nghiém trén bo dir liéu Corel cho thiy,
thuat todn phan cum pho c6 d6 chinh xac cao, dat tir 0.84 dén 1.00 trong cac truy
van thir nghiém. Trén bo dir liéu Oxford, do chinh xac dat duoc tur 0.75 dén
0.93. Nhin chung, d6 chinh xé4c trén phu thudc vao cac yéu té nhu: Anh truy
van, sé luong cum va mic do twong ddng gitta cac cum trong maot bo dir lieu.
Cac két qua danh gia thé hién sy kha quan va hoan toan co thé duoc ung dung
vao cac hé théng tra cau anh dya trén noi dung trong tuong lai.



KET LUAN

Phuong phap tra cru anh dua trén noi dung la mot phuong pha tra clru
anh rat phd bién. Mot trong nhitng wu diém cua phuong phép tra cu nay, chinh
la kha ning tra cau ty dong thay vi cach tiép can duwa trén tir khoa truyén théng
nhu phuong phép tra cu anh dua trén van ban. DA c6 rat nhidu dé tai nghién
ctru xung quanh viéc tra ciu anh dua trén noi dung, véi rat nhiéu ky thuat tién
tién cling nhu thuat toan dugc ap dung va luan van cua cd nhan hoc vién ciing
chi 1a mot trong sé d6. Théng qua luén van cua minh, hoc vién da thuc hién
dugc cac viéc nhu sau:

Thi nhat, tim hiéu, nghién ctru va trinh bay dwoc nhitng phuong phép tra
ctru anh pho bién. Bao gom cac khai niém, dinh nghia can ban trong xu ly anh
no6i chung va tra ctu anh néi riéng, kién trdc thanh phan cia mot hé théng tra
ctru anh, cac chic nang co ban caa hé thong tra ciru dong thoi trinh bay mot s6
hé thdng tra ctiru anh dwa trén noi dung da co.

Thi hai, tim hiéu, nghién ctu va trinh bay dugc mot sé ky thuat hiéu qua
dé ap dung vao hé théng tra ctru anh dya trén noi dung, vi du nhu 1a cac do do
khoang cach, cach céch trich chon dac trung nhu 1a goi, loc, nhung, phuong
phap phan hoi lién quan va céac k¥ thuat ap dung.

Tht ba, nghién ctu, phan tich bai toan tra ciu anh dua trén phan cum db
thi va c4c thuat todn phan cum phé (vi nhu nhu K-means). Xay dung duoc
chuong trinh mé phong k¥ thuat cum pho va ap dung n6 dé tra cau anh dua trén
noi dung trén cac tap di liéu san c6. Théng qua thuc nghiém thiy duoc thuat
toan di dem lai do chinh x4c cao, do d6 c6 thé ap dung vao nhitng hé thong tra
ctu anh dya trén ndi dung trong tuong lai.

Ngoai ra hoc vién c6 tham gia vao nhém nghién ctu cua thay huéng dan
va c6 bai bao duogc bdo cdo tao Hoi Thao Québc Gia lan thiar XXV - VNICT 2022,
véi tén 1a "Nang cao hiéu qua tra ciu anh st dung phan hoach do thi."

Do kha niang con han ché ciing nhu ban than chua c6 nhiéu kinh nghiém,
ludn van chic chan s& con nhiing diéu con thiéu s6t can cai thién. Trong twong
lai, hoc vién hy vong c6 thé phét trién duoc cac nghién ctu ctia minh, nhu 1a thi
nghiém chuong trinh trén cac tap dit liéu lon va phuc tap hon, hay nhu thu su
dung mot sé do do khoang cach khac.
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