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LOI CAM POAN

T6i xin cam doan dé tai nghién ciru trong ludn dn nay la céng trinh nghién
cteu cua toi dwa trén nhitng tai liéu, s6 liéu do chinh t6i tu tim hiéu va nghién cuu.
Chinh vi vdy, cdc két qud nghién ciru dam bdo trung thiee va khdach quan nhat. Pong
thoi, két qua nay chira tirng xudt hién trong bdt cit mét nghién ciru nao. Céc so liéu,
két qua néu trong ludn an la trung thuc, néu sai t6i hoan toan chiu trach nhiém

trudc phap ludt.

Tac gia luan an

NCS. An Hong Son
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MO DAU

1. Ly do chon dé tai

Trong nhimg nim gan ddy, v6i sy xuat hién ciia cong nghiép 4.0, cac thiét bi di
dong thong minh va sy phat trién nhanh chéng ctia mang xa hoi, viée xu 1y va luu trix
anh s d3 tré nén phd bién hon bao gior hét. Anh sb d3 tré thanh mot thanh phan khéng
thé thiéu trong céc linh vuc hoat dong cua cudc séng nhu y hoc, kién trac, thoi trang,
gido duc va phong chong t6i pham. Do d6, viéc tra ciru nhanh chong va chinh xac mot
btec anh yéu thich trong mot co so dit liéu (CSDL) anh s6 16n va da dang 13 mot nhiém
vu hét strc kho khin, day thach thirc trong linh vuc thi giac may tinh hién nay.

Trong tra ctru dnh, c¢6 hai phuong phéap thuong dugce sir dung nhu: Tra ctru dnh
dua vao van ban (TBIR - Text-Based Image Retrieval) va Tra ctru anh dya vao noi
dung (CBIR - Content-Based Image Retrieval) [1]. Phuong phap TBIR ¢6 wu diém
1a don gian, nhanh chdng va hiéu qua, tuy nhién né ciing c6 nhuoc diém 13 yéu cau
dd nhan cong 16n cho viéc chu thich thu cong va do chinh xac ctua cac anh dugc cha
thich thu cong ¢ thé bi anh huéng béi sy cht quan trong nhén thirc ciia ngudi ding
[1]. Do d6, phuong phap CBIR da ra doi va dugc gidi thiéu vao dau nhitng ndm 1990
dé khac phuc nhitng han ché nay.

Trong linh vuc thi gidc may tinh, CBIR dang 1a m{t trong nhitng huéng duoc
nghién ctru rat tich cuc hién nay. Muc tiéu cua CBIR 1a tim kiém cac anh dya trén
viéc phan tich cac ndi dung truc quan ctia ching. Vi vdy, biéu dién anh 13 mau chdt
quan trong cua CBIR [2].

CBIR 13 phuong phép tim kiém anh trong CSDL dua trén ndi dung tryc quan
ctia anh truy van [3]. Tuy nhién, phwong phap nay gip phai van dé "khoang tréng ngit
nghia" gitta cac ddc trung mirc thap mo ta anh va cac khai niém muc cao dugc con
ngudi nhan biét [4], do d6 co thé dan dén cac anh khong lién quan dugc tra vé. Dé
khic phuc diéu nay, nhiéu phuong phap da duoc dé xuat dé chuyén doi cac khai niém
mirc cao trong anh sang cac dic trung mirc thap. Cac dic trung nay dugc phan loai
thanh cac dic trung toan cyc (bao gdm mau sac, hinh dang, két cau va théng tin khong
gian) va cac dic trung cuc bd tiy thudc vao phuong phap trich rat dic trung [4]. Biéu
din cua cac dic trung ndy 13 nén tang cho CBIR. Chang c6 wu diém 1a nhanh hon
trong viéc tinh toan do tuong tu va trich rut dac trung [5]. Mat khac, chiing khong

phéan biét duoc giita nén va dbi tuong trong anh (cac phan anh khac nhau). Piéu nay



1am cho chiing khong phu hop dé tra ciru trong cac canh phire tap hodc nhan dang ddi
tugng [6], nhung ching phu hop dé phan loai va phat hién ddi twong [7]. Khi so sanh
dac trung cuc bd véi dac trung toan cuc, thi dac trung cuc bo thich hop cho viéc tra
ctru, d6i sanh va nhan dang [6]. Nhan dang d6i twong 1a nhiém vy nhan dang va gin
nhan d6i twong trong mot hinh anh [8] trong khi phat hién dbi twong lién quan dén sy
tdn tai cia mot doi tuong thudéc mdt 16p dugc xac dinh trude trong dnh va vi tri ctia
no [9]. Do d6, phan 16p 1a mot nhiém vu con cia phat hién ddi twong [9]. Cac dic
trung cuc bo dugc dinh nghia la cac diém chinh hodc mot sd ph'?m cua anh, chéng han
nhu goc, ddm mau va canh. Chung manh véi ti 1€, xoay, dich chuyén, cac thay doi
nén, céac che lap [6].

Dic trung duogc trich rit 13 qua trinh dau tién trong CBIR, nham chuyén nhan
thirc cua ngud1 vao mot mo ta s6 ma may co thé thao tac duge. DO chinh xac cta cic
anh dugc tra ctru “bi anh hudng rat nhiéu bdi cac dic trung duoc trich rat” [10]. Tuy
nhién, viéc lya chon nay dya trén yéu cau cta ngudi ding. Viéc cung cap cac dic
trung dugc trich it cho cac thuat todn hoc may (c6 gidm sat hodc khong giam sat)
c6 thé cai thién duoc hiéu nang d6i véi phuong phap CBIR [11].

S6 cac dic trung ma biéu didn cac mau dit liéu duoc xem nhu chiéu cua dir
liéu. Pic trung trong tra ciru anh co thé thugc mot trong ba loai sau: (1) dic trung
lién quan, (2) dac trung khong lién quan, va (3) ddc trung du thuwra. Péac trung lién
quan 1a nhirng dic trung quan trong dé cai thién do chinh xac caa mé hinh phan 16p
va nang cao hiéu suat cua tra ctu anh. Cac dic trung khong lién quan khong dong
gop vao qué trinh cai thién chat luong phan 16p va do dé khong cai thién dugc hiéu
nang cua tra ciru anh. Cac dic trung du thira 1 cac dic trung c6 thé 1a lién quan,
nhung ching khong dong gdp vao viée cai tién chat lugng mod hinh, trai lai, cac dic
trung nay c6 thé dan dén qua trinh hoc khéng hiéu qua, ton nhiéu thoi gian.

Céc cach tiép can CBIR truyén théng thudng chon cac ham khoang cach cimg
trén mot s dic trung muc thép dugc trich rat, nhu Euclide hoac dd tuong tu cosine.
Tuy nhién, cac ham khoang cach ctig c6 thé khong ludn t6i wru dbi véi cac nhiém vu
tra ctru anh dua vao ndi dung phtrc tap. Nguyén nhan cta sy khong toi vu nay 13 do
khoang tréng giita cac dic trung truc quan mirc thap duge trich rit boi may tinh va
céc khai niém mirc cao dugc nhan thire béi con ngudi. Do d6, trong nhitng nam gan
day, da co rat nhidu nd luc nghién ctru dé thiét ké cac do do khoang cach trén cac dic

trung mirc thap thong qua khai thac cac k¥ thut hoc may.
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Hoc may 1a mot cong cu quan trong dé khai thac céc cu trac dit liéu, thu duge
biéu dién dit liéu t6t hon va khdm pha cac mau dit lidu an dé c6 thé trich rat dugc cac
thong tin lién quan. Trong hoc mdy, c¢6 ba cach tiép can chinh, bao gdm: hoc c6 giam
sat, hoc khong giam sat va hoc ban giam sat. Su khac nhau ctia cac cach tiép can nay
12 ¢ chd sir dung cac mau c6 nhan trong qua trinh hoc. Trong hoc cé giam sat, cac
nhan dir liéu duoc str dung dé hoc. Tuy nhién, diéu nay yéu cAu tit ca cac mau dit liéu
déu phai c6 nhan. Trong hoc khong giam sat, cic nhén dit liéu khong duoc yéu cau
trong qua trinh hoc. Thong tin nhin khong can thiét cho tit ca cac mau dit liéu. Hoc
ban giam sét 1a cach tiép can két hop giita hoc c6 giam sat va hoc khong giam sat. No
st dung tat ca cac mau huan luyén c6 nhin va khéng c6 nhan dé tao ra ciu trac hinh
hoc ndi tai cia toan bd dit liéu huin luyén.

Chiéu cua dir liéu anh trong cac tng dung thuc té thuong rit cao. Dir liéu
chira mot sb lugng 16n cac dac trung hoac 1a du thura hodc 1a khong lién quan. Vi
vay, néu loai di cac dic trung nay s& giup giam thoi gian va ting do chinh xéc cia
cac nhiém vu hoc va phan 16p. Trong cac bai todn hoc phan 16p trén dit liéu nhiéu
chiéu, giam chiéu dugc xem 13 mot trong nhitng k¥ thuat hiéu qua nhat, no duoc dé
xuat dé giai quyét van dé thudc vé “Van dé cta chiéu - Curse of dimensionality”.
Gan day, nhiéu moé hinh hoc phan 16p da duoc dé xuat nhu hoc da thé hién (Multiple-
instance learning) va hoc khong gian con (Subspace learning). Cac phuong phap
hoc khéng gian chiéu ndi tiéng nhat bao gdm phén tich thanh phan chinh (PCA -
Principal Component Analysis) va phan tich phan biét tuyén tinh (LDA - Linear
Discriminant Analysis).

Trong nhiing nim gan day, & Viét Nam di c6 nhiéu Nghién ctru sinh, Nhém
nghién ciru tiép can va khai thac hiéu qua cac k¥ thuat hoc may cho bai toan CBIR
v6i phan hoi lién quan (RF), gitup thu hep “khoang trong ngit nghia” va cai thién do
chinh x4c tra ctru ctia hé thong tra ctru anh. Tuy nhién, cac cong trinh nay chua tap
trung giai quyét van dé ¢& 16p nho. O day, khai niém ¢é lép nhé dugc hiéu 1a 16p
am va 16p duong trong co ché RF (n6 khong phai 1 s6 chu dé cua tap anh). Bén
canh do, cac cong trinh nay van chua khai thac duogc thudc tinh thwa dong ctia ma
tran chiéu. O day, khai niém ma trdn chiéu ma tran giup bién doi dit liéu tir khong
gian gdc sang khong gian chiéu (trong luan 4n nay, ma tran chiéu thu duoc con gitp
xéac dinh duogc dic trung gde ndo 1a quan trong nhat). Khai niém thudc tinh thira

dong ciia ma trdgn chiéu dugc hiéu la dong cia ma tran chiéu ma gia tri ciia cac
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phan tr déu bang khong. Thudc tinh nay s& gitp phwong phap xac dinh dic trung
nao cua dit liéu gdc 1a du thira hodc khong lién quan. Ngoai ra, tinh vu viét cta céc
k¥ thuat hoc sau cho tra ctru anh trén tap dir liéu c& 16n, khong c6 nhan va dir licu
cao chiéu van chua duoc khai thac. Pay 1a mot dinh huéng nghién ciru phu hop véi
xu thé nghién ctru chung cua thé giéi, mang tinh cip thiét cao va c6 kha ning tng
dung hiéu qua trong thuc tién va day ciing chinh 1a cdc huéng nghién ctru ma nhiéu
Nhém nghién ctiru va Nghién ctru sinh dang theo dudi.

Hoc sau la mdt k¥ thuat dot pha, ma bao gém mot ho céac thuat toan hoc may
dé mé hinh cac khai niém mirc cao trong dir li¢u. Ky thuat hoc sau nay sur dung céc
kién triic sdu bao gdm nhiéu phép bién ddi phi tuyén. Hoc sdu mé phong bd nio ngudi
dugc t6 chirc theo kién triic sdu va xur Iy thong tin qua nhiéu giai doan bién d6i va
biéu dién. N6 khong gidng nhu cac phuong phap hoc may truyén thong ma thudng
su dung kién trtc nong. Béng viéc khai thac cac kién trac sau dé hoc tu dong cac dac
trung & nhiéu muirc triru tuong tir dit liéu, cac phuong phap hoc sau cho phép hé thong
hoc cac ham phurc tap ma anh xa dir liéu dau vao sang dau ra.

Tt su thanh cong cua cac k¥ thuat hoc may va hoc sau, cung nhitng hudéng
tiép can kha thi cia cic Nhom nghién ctru & Viét Nam trong nhitng nim gan day,
d3 thuc day Nghién ctru sinh kham phé cac ki thuat hoc may va hoc sau vao bai
toan CBIR d¢ cai tién do chinh xéac va téc do tra ctru cua hé théng. Pay ciing chinh
la Iy do ma Nghién ctru sinh di chon dé tai “Tra citu anh dwa vao ndi dung véi
hoc biéu dién va giam chiéu dir liéu” dé gop phan kham pha va giai quyét cac van
dé da dat ra & trén.

2. Muc tiéu nghién ciru cia luin an

Muc tiéu chung:

Nghién ctru, dé xuit mot sé phuwong phép cai tién do chinh xac va thoi gian tra
ctru d6i véi hé théng tra ctru anh dya vao ndi dung voi RF.

Muc tiéu cu thé:

Dé xuat duge mot sb cai tién d6i v6i hé thong CBIR véi RF, bao gom:

- Két hop mo hinh trich rat ddc trung véi mo hinh phéan 16p trong hé thong
CBIR, st dung thudc tinh thua dong ctiia ma tran chiéu dé cai tién d6 chinh xéc tra
ctru va thoi gian truy van khi ¢& miu va c¢& 16p nho.

- Huén luyén ban giam sat bang mang no ron tich chap autoencoder, trich rut

dac trung anh va phan 16p SVM trong RF, gitup tdng cuong kha nang hoc cac dac



trung phan bi¢t dung cho tra ctru anh.
3. Pdi twong va pham vi nghién ctru ciia luin an

Doi twong nghién ciru:

Luan 4n tién hanh tim hiéu va nghién ctru mot sé dbi twong lién quan dén bai
toan tra ctru anh duogc dé xuét nhu:

- CBIR va cic thanh phan coa mot hé théng CBIR; khoang trong ngit nghia
trong CBIR va cé4c k¥ thuat giam khoang tréng ngit nghia trong CBIR;

- K¥ thuat hoc may, hoc sau va mang Autoencoder;

- Mot s6 do do twong tu gitta cac anh va phuong phap danh gia hiéu ning;

- M6t s6 phuong phap phan tich phan biét tuyén tinh (LDA, RSLDA);

- Mang phan du (ResNet) va Shortcut Connections.

Pham vi nghién cvu:

Luén an tap trung nghién ctru trén pham vi mot sb noi dung chinh sau:

- Hoc ma tran chiéu vdi viée khai thac thudc tinh thua dong ctia ma tran
chiéu dé giai quyét van dé c& 16p nho.

- Hoc biéu dién anh hiéu qua thong qua mang no ron sau trén tap dit liéu
khéng co nhén.

- Phwong phép tra ctru anh tin dung cic mau huin luyén thong qua co ché
RF cua nguoi dung.

4. Phuong phap nghién ctru ctia luan an

Nghién civu ly thuyét:

Nghién ciru cac co so 1y thuyét lién quan dén CBIR, k¥ thuat RF va van dé
giam khoang tréng ngit nghia thong qua tiép can ky thuat hoc may, hoc sau, cac do
do tuong tu cho tra ctru anh.

Khao sat, phan tich uu diém, nhuge diém va nhirng van dé ton tai ciia mot sd
cong trinh nghién ctru lién quan vé CBIR theo céch tiép can sir dung hoc may vao
qua trinh tra ctru anh véi RF & trong nudc va trén thé gidi, tir 46 dé xuat mot sb van
dé can nghién ciru va giai quyét, 1am tién dé thyc hién d6i véi cac chuong ndi dung
cua luan an.

Céc tu liéu va thong tin lién quan sir dung trong luan an duoc thu thap, tong
hop va suu tdm tir cac ngudn nhu: (1) cong trinh khoa hoc trén cac tap chi khoa hoc
cd uy tin trong va ngoai nude, Internet,..; (2) cing Thay hudng dan khoa hoc va cac

ddng nghiép nghién ciru, trao ddi va thue nghiém; (3) seminar khoa hoc hoic bao céo



6

tai cac hoi thao khoa hoc gilip nang cao k¥ niang cach trinh bay va kiém chimg, danh
gia cac két qua da nghién ciru cia luan an.

Nghién cvru thuc nghiém:

Pé xuit moi truong thue nghiém (gdm nén tang, ngdn ngit lap trinh va ciu
hinh may tinh), tip CSDL anh thyc nghiém (dd dwgc st dung nhiéu, chuyén
nghi¢p) va phuong phap danh gia hi¢u nang phu hop cho bai todn CBIR véi RF
da duoc xac dinh.

Cai dat, chay thtr nghiém va tién hanh danh gia, so sanh két qua giita phuong
phap dé xuit ctia luan 4n v6i cac phuong phap tiéu biéu khac, nhdm chirng minh hiéu
ning cta phuong phap va mo hinh da dé xuat.

5. Nhirng dong gop mai ciia ludn an

Cac dong gop mai cua ludn 4n 13 dé xuat duoc hai phuong phap CBIR sir dung
RF, gdom: phuong phap SDAIR (Sparse Discriminant Analysis for Image Retrieval)
[CT4, CT2] va phuong phap AIR (Autoencoders for Image Retrieval) [CT1, CT3].

- Phuong phap SDAIR két hgp mo hinh trich rut dic trung quan trong dya trén
phuong phap RSLDA v&i mé hinh phén 16p trong hé thong CBIR nham cai tién do
chinh x4c va thoi gian truy van. Phuong phap nay giai quyét dugc ba van dé: Thir
nhdt, s6 luong phan hdi ma ngudi ding cung cap nhod hon so véi chiéu cua khong
gian dic trung. Thit hai, s6 lugng miu phan hoi duong thuong thip hon rat nhiéu so
v6i s6 lwong mau phan hdi am. Thit ba, sb 10p qua nhd, ma co nghia rang sd cac
hudng chiéu bi gidi han boi sb cac 19p.

- Phuong phap AIR duya trén ba thanh phan: Huan luyén ban giam st bang
mang no ron tich chdp autoencoder, trich rut dac trung anh va phan I6p SVM trong
RF nhim cai tién d6 chinh xac va thoi gian truy van. Phuong phap nay giai quyét
duoc hai han ché: Thit nhdt, kha ning phan biét kém cta cac phuong phap di co. Thir
hai, giam nhe van dé vanishing/exploding gradients va qua trinh hoi ty nhanh.

6. B6 cuc ciia luin 4n

Luan 4n nay dugc trinh bay véi bd cuc bao gom phan mé dau, 3 chuong noi
dung, phﬁn két luan, danh muc cong trinh cua tac gia va tai li¢u tham khao, cu thé
nhu sau:

Phdn mé ddu, trinh bay vé y nghia khoa hoc va tinh cép thiét cua dé tai, ciing
nhu giai thich 1y do chon dé tai. Sau do, trinh bay vé ndi dung, d6i tuong, pham vi,

phuong phap va muc tiéu nghién ctru cta luan an.



Churong 1, gidi thiéu téng quan vé Tra ctru anh. Chuong nay trinh bay khai
niém va so dd ctia mot hé théng CBIR; céac dac trung muc thép va cach thirc luya chon,
trich rit cac dac trung hitu ich; co ché RF va van dé giam khoang trong ngir nghia
thong qua tiép cin hoc may. Bén canh d6, chuwong nay sé trinh bay mot s6 do do
khoang cach cho tra ctru anh. Ngoai ra, tinh hinh nghién ctru lién quan dén cac giai
doan trong tra ctru anh ciing duoc phén tich dé tir d6 1am dong co nghién ctru cho
luan an.

Chuong 2, trinh bay “Phuong phap tra ctru anh vdi phan tich phan biét thua”.
Chuong nay tap trung vao viéc cai tién hiéu suat cho bai toan tra ciru anh véi RF bang
cach sir dung thudc tinh thwa dong ciia ma tran chiéu phan biét, gdm bén phan chinh:
phan dau tién gioi thiéu vé giam chiéu di liéu va bai toan CBIR véi RF, cac nghién
ctru gan day va nhirng thach thire hién tai cho bai toan. Phan thir hai, trinh bay phuong
phap tra ciru anh dugc dé xuat vai 2 thuat toan: (1) Chon tap dic trung quan trong va
(2) Xay dung mé hinh phén 16p. Phan thir ba, mo ta chi tiét thuat toan duoc dé xuat
SDAIR. Phan thi tu, danh gia do chinh xac va thoi gian truy van ciia phuong phap
dé xuat trén tap anh CIFAR-100.

Chuong 3, trinh bay phuong phap tra ciu anh dua trén mang no ron tich chap
sau autoencoder. Phuong phap dugc dé xuat cho phép tu dong hoc véc to dic trung
tryc tiép tir anh thd theo cach khdng giam séat va co giam sat dé nang cao hiéu ning
tra ciru. Noi dung chuong nay ¢ 3 phan: Phan tht nhat, gidi thiéu cac nghién ctru co
lién quan va dat van dé cho bai toan. Phan thi hai, trinh bay phuong phap dé xuét véi
hai noi dung: (1) Hoc céc biéu dién anh véi mang no ron tich chap sau autoencoder
va (2) Tra ctru anh véi RF dya vao may véc to hd tro. Phan thi ba, danh gia hiéu
ning ctia phuong phap dé xuit thong qua thue nghiém so sanh phuong phap dé xuét
v6i 3 phuong phap khac & ba 1an ldp phan hoi dau tién.

Két ludn va kién nghi, luan an tong hop két qua dat duoc va dua ra mot sd két
luan, ddng thoi trinh bay mot s dinh huéng nghién ctru ciia luan an trong twong lai.

Danh muc cong trinh cua tac gid, luan an liét ké 04 cong trinh la cac bai bao
clia tac gia duoc dang trén cac tap chi, ky yéu hoi thao trong nudc va qudc té.

Cuoi cung, 1a danh muc céc tai liéu tham khdo duoc sir dung trong ludn an.
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Chuwong 1. TONG QUAN VE TRA CUU ANH DUA VAO NOI DUNG
VOI PHAN HOI LIEN QUAN

Chuong nay trinh bay céc kién thirc 1y thuyét co ban lién quan dén CBIR véi
phan hdi lién quan (RF), duoc st dung 1am co s& 1y ludn trong ludn an. Cac kién thirc
Iy thuyét co ban vé CBIR duoc mo ta bao gdm cac dic trung mirc thap va cach thirc
lga chon, trich rut cac dic trung hitu ich; co ché RF quan va van dé giam khoang
trng ngir nghia thong qua tiép can k¥ thuat hoc may, hoc sau; cac d6 do twong tu
cho tra ctru anh. Ngoai ra moi truong, tap dit liéu anh thyc nghi€ém va phuong phéap
danh gia hiéu ning ciing duoc trinh bay trong chuong nay. Bén canh d6, mot s6 cong
trinh nghién ctru lién quan vé CBIR va cac giai doan trong CBIR theo cach tiép can sir
dung hoc may vao qué trinh tra ciru véi RF & trong nudc va trén thé gidi duge khao sat
va phan tich. Dya trén nhitng wu diém, han ché dbi véi cac phuong phap duoc dé xuit
trong cac cong trinh nghién ctru nay dé dinh huéng mot s6 van dé can giai quyét, lam
tién dé thuc hién ddi véi cac chuong tiép theo cua luan an.

1.1. Tra ciru dnh dua vao ngi dung

Tra ctru anh dua vao ndi dung (CBIR) 1a mot linh vuc nghién ctru cua thi giac
may tinh [12]. Muc tiéu caa CBIR 1a tim kiém cac anh trong mot CSDL anh 16n dwa
trén cac dic trung tryc quan clia ching, bao gom hinh dang, két cau, mau va cac thong
tin khac c6 thé trich rat duoc tir ban than anh. Khung lam viéc cia CBIR dugc mo ta

nhu trong Hinh 1.1 duéi day.

Anh
truy van

l

Trich rat Biéu dién Tinh do
ddc trung dac trung fuong fir

v

Y

Phén hang

T Thp két qua

Cosé div Cap nhat
licu anh Phin hoi

Hinh 1.1. So' @6 h¢ thong CBIR



Budc dau tién trong so dd hé théng CBIR 1 dua anh truy van vao hé thong
boi nguoi dung. Budce tiép theo 14 trich rat dic trung, day 1a bude quan trong nhat,
ma mot khai niém truc quan dugc chuyén sang dang sb. Cac dic trung duoc trich rat
trong tra ctru anh co thé 1a cac dic trung mirc thip, ching han nhu mau, két ciu, hinh
dang va thong tin khong gian hodc cac mo ta cuc bg cua anh. Qua trinh trich rat dac
trung anh truy van ciing duoc thuc hién twong ty nhu trong truong hop anh CSDL.
Budc tiép theo 14 tinh d6 twong ti gitta cac dic trung duoc trich rat tir anh truy van
va tit ca cac anh trong CSDL dé phuc vu phan hang cac anh. Budc cudi cung 1a phan
hang céac anh theo thu tu vé do tuong tu voi anh truy van dé duoc tap két qua. RF la
mot bude ma duoc sir dung dé ting cudng cac két qua thong qua tuong tac ctia ngudi
dung bang viéc quyét dinh cac anh dugc tra vé 1a lién quan hay khong lién quan.
Nhiéu k¥ thuat RF di duoc dé xuat dé ap dung RF vao viéc tang cuong hiéu ning cua
hé théng CBIR [13].

1.2. Cac dic trung mic thip

Trong tra ctru anh, van dé chinh 13 cach do hiéu qua do twong tu giira cac anh.
Béi vi cac canh hodc cac dbi tuong truc quan co thé c6 nhiéu thay ddi hodc bién doi,
nén viéc so sanh tryc tiép cac anh ¢ mirc pixel (diém anh) 1a khong kha thi. Thong
thuong, cac dic trung truc quan dugc trich rat tir cac anh va sau d6 duoc bién doi
thanh mot véc to ¢ ¢& ¢b dinh cho biéu dién anh.

Cac dic trung c6 thé dugc chia thanh cac dic trung toan cuc va cac dic trung
cuc bd. Cac dac trung toan cuc, bao gém mau sic, hinh dang, két cau, va thong tin
khong gian, ma md ta toan b anh. Trong khi do, cac dac trung cuc bd thuong thu
dugc thong qua viéc chia cac anh thanh cdc doan hoac thong qua viéc tinh mot )
diém chinh nao dé nhu céc gbc, cac ddm mau va céac canh. Cac dac trung cuc bo 1a
bat bién voi ti 16, xoay va dich chuyén [14]. Hai loai dic trung ndy sé dugc mé ta &
phan dudi.

1.2.1. Cac dac trung toan cuc

Céc dic trung nhu mau, két ciu, hinh dang va thong tin khong gian duoc st
dung rong rai trong cac nhiém vu tra ctiru anh.

1.2.1.1. Ddc trung mau

Trong tra ctru anh, mot trong nhitng dic trung quan trong nhit 1a mau sic. Cac

dac trung mau dugc st dung dé phan tich va nhan dién cac doi tuong trong anh, va
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duogc tinh todn dua trén cac khong gian mau khac nhau. Khong gian mau dugc st
dung phd bién trong CBIR bao gdbm RGB, HSV (LSV), YCbCr va LAB.

Cac khong gian mau nay dugc mo ta sir dung cac mé men mau [15], twong
quan mau, lugc dd mau, bd md ta mau trdi, ma tran déng xuét hién mau [16] va nhiéu
bd mo ta mau khac.

Cac dac trung mau dugc coi la dac trung manh bdi vi chiing bat bién véi ti 18,
xoay va dich chuyén [19]. Tuy nhién, dic trung mau bi han ché vé thong tin khong
gian nén no can c6 su hd tro cua cac bd mo ta khac [20].

1.2.1.2. Dic trung két ciu

Két cdu 1a cdc miu ma khong thé dimg riéng 1¢ nhu mau hodc cuong do duy
nhat. Két cau duoc coi 1a dic trung quan trong trong thi gidc may tinh bai vi cac dic
trung ndy ton tai trong nhiéu anh thé gidi thuc do d6 no thudng dugce sir dung trong
nhan dang mau va tra ctru anh. Han ché chinh cua tra ctru anh dua vao két cdu 1a do
phtc tap tinh toan va nhay cam véi nhiéu [20].

Phan tich két cAu da duoc st dung cho nhiéu thuét toan nhu loc Gabor, truong
ngau nhién Markov, bién doi wavelet, phan ra kim ty thap, ma tran d@)ng xuét hién
murc xam, va bd mo ta luge dd canh [23].

1.2.1.3. Ddc trung hinh

Hinh 13 mot trong nhitng dic trung muc thip dung cho nhan dang d6i tuong.
Dac trung hinh dugc trich rut trén co s& cua mdt bién hoac mot vung [25]. Trong
cach tiép can dua vao vung, trich rut dugc thyc hién cho toan bg vung trong khi
cach tiép can trich rut dua vao bién dugc thuc hién theo bién ctia vung. Nhiéu
phuong phap nhu bo mé ta Fourier va cac bat bién mé men [27] dugc sit dung cho
qué trinh trich rat cac dic trung hinh. Cic bd mé ta hinh 1a bat bién véi ti 16 va
dich chuyén. Do d6, chiing thudong duoc két hop voi cac bo mé ta khac dé ting do
chinh xéc.

1.2.1.4. Thong tin khong gian

bac trung khong gian dé cap dén vi tri cua d6i tuong trong mot anh hai chiéu.
Dbi sanh thap khong gian 1a mot trong nhitng phuwong phap tét nhat dé thu cac thudc
tinh khéng gian cua cac anh [28].

O giai doan dau cia tra ctru anh, cic hé théng thuong st dung mot dic trung

dé tra ctru cac anh. Tuy nhién, két qua thuong cho d6 chinh xéac thip bdi vi cac anh
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thudng bao gdm mét sb dic trung [29]. Pé thu duge d6 chinh x4c cao hon, cac phuong
phap tra ctru anh sau d6 thuong st dung viée két hop nhiéu dic trung nhu trong [19].
1.2.2. Cac dac trung cuc bo

Céc dic trung toan cuc di dugc sir dung trong nhiéu phuong phap CBIR va
thu dugc do chinh xac tét, tuy nhién, cac dac trung cuc b dang phé bién bai vi ching
¢6 uu diém hon han cac dic trung toan cuc vé tinh bét bién voi ti 18 va xoay. Bén
canh d6, cac dic trung cuc bo ciing cung cap cac ddi sanh dang tin cdy trong cac diéu
kién anh khac nhau [14].

1.2.2.1. Bién doi diic truwng bit bién ti 1¢

Bién d6i dic trung bat bién ti 18 (SIFT - Scale-Invariant Feature Transform)
do David Lowe [14] dé xuét. N6 1a mot trong nhiing bd dic trung cuc bd duoc sir
dung rong rai nhat, ma chira mot bd mo ta va mot bod phat hién cho céc diém chinh
(key point). SIFT 1a manh d6i voi xoay va ti 1é anh, nhung né thuc hién kém khi dbi
sanh véi cac chiéu cao va can mot véc to ¢& ¢b dinh cho ma hoa dé thuc hién kiém
tra do twong tu anh. Trong tra ctru anh, SIFT c6 han han ché d6 1a no su dung nhiéu
bd nhd va co chi phi tinh toan cao [30].

1.2.2.2. Cac ddc trung manh va nhanh

Cac dac trung manh va nhanh (SURF - Speeded-Up Robust Feature) 1a mot
bd mé ta cuc bd manh [31], n6 khic phuc han ché vé chiéu cao ctia SIFT. SURF thi
nhanh hon va manh hon SIFT b1 vi n6 doi hdéi it thoi gian cho tinh todn dac trung va
ddi sanh bing viéc su dung mot lugc dd danh chi s6 dua vao diu hiéu Laplacian. Tuy
nhién, SURF hoat dong kém trong truong hop xoay.

1.2.2.3. Méu nhj phén cuc bé

Mau nhij phan cuc bd (LBP - Local Binary Pattern) so sanh diém anh trung tim
va céac 1an can ciia n6, & ddy diém anh trung tim duoc xem nhu l1a ngudng. LBP la
manh boi vi n6 bat bién ddi véi cac bién ddi vé da cip xam. Hon nita, n6 don gian vé
mit tinh toan. Han ché chinh ctia LBP 14 n6 lam mat thong tin khong gian toan cuc.
1.3. Lwa chon dac trung

Lya chon dac trung la mdt qua trinh quan trong trong phan tich dir li¢u, no6
gitip chon ra tap cac dic trung c6 lién quan nhat dén ddi twong dit liéu va biéu dién
ching mdt cach hiéu qua nhét. Tap cac dac trung nay dugc chon tir cac dac trung di

liéu ban dau (gbc) va duoc xép theo thtr tu giam dan cua do quan trong. Mot sb ki
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thudt lya chon dac trung khac nhau da duoc dé xuat trong linh vuc nhan dang mau [32].

Trong nhitng ndm gan ddy, da c6 mot sb tiép can dé xut nhu: trong sé Fisher
(Fisher score) [33], noi trdi (Relief), ndi troi F (Relief-F) [35], thong tin twong hd
(mutual information) [36], diéu kién doc lap cua Hilbert Schmidt (HSIC-Hilbert
Schmidt Independence Criterion) [37], diém s6 Laplace (Laplacian score) [38].

Mot s6 k¥ thuat lya chon déc trung phé bién nhét duogc sir dung trong linh vuc
nhan dang mau gom k¥ thuat trong s6 Fisher, Relief, Relief-F va mot s6 bién thé khac.

1.3.1. Ky thudt trong sé Fisher

Phuong phap nay tinh toan trong s6 cho mdi dic trung va sau do Iya chon céac
dac trung dya trén nhiing trong s6 d6. Thuét toan Fisher tinh trong sb cua dic trung
thtr 1 ky hi¢u 1a F; nhu sau:

2ieq jij—p)?
Z,C=1 nj(pij)?

Score_F; = (1.1)

& day C 1a s6 céc 16p n; biéu thi sd cac mau trong 16p thir j va p; 1a trung binh ciia
dac trung thir i. p;; va p;; biéu dién phuong sai va trung binh cta dic trung thit i duoc
két hop véi 16p thir j.

Hau hét cac k¥ thuat lya chon dic trung tinh trong s ctia cac dic trung don
1¢ trong khi bo qua viéc két hop ciia cac dic trung. Piéu nay dan dén két qua thiéu
chinh xac, chang han: khi xét hai dic trung F; va F; va gia st trong s6 cua ca hai
dac trung nay la thép, cac thuat toan lya chon dac trung don 1¢ s€ loai hai dac trung
nay di. Tuy nhién, trong s6 két hop ctia cua hai dic trung nay cé thé cao, dang 18
chuing phai duoc gitr lai.

1.3.2. Thudt toan Relief

Thuat toan Relief khong dwa vao gia thiét c6 diéu kién vé tinh doc 1ap cua céc
dac trung, do d6 n6 phu hop ddi véi cac bai toan thue té, noi ma su tuong tac dac
trung (sy phu thudc giita cac dic trung) thudng xuét hién.

Thuat toan Relief dugc chi ra 1a tin cay, bao g@)m thong tin nglr canh, udc
lugng hi¢u qua va su lién quan ctia cac dac trung trong cac bai toan ma dac trung co
su phu thudc 1an nhau cao. Thuat toan ndy dya vao khai niém vé cac 1é cuc bd cho
mdi dic trung. Cac 18 ndy nén 1a da 16n cho cac dic trung lién quan. Thuit toan nay
dugc st dung trong pha tién xir 1y dir liéu dé lua chon tap con cac dac trung cho huén

luyén mo hinh va né van 1a mét trong nhitng thuat toan phd bién nht vé tién xu 1y
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dir liéu cho dén ngay nay [35]. N6 ciing 13 mot bd udc lugng dic trung chung ma da
dugc str dung phd bién trong nhiéu mai trudng. Lay ¥ tudng tir hoc dwa trén mau
(instance-based learning), cac tac gia trong [35] di dé xuat thuat toan Relief ¢ dién.
N6 duoc t6i vu cho cac bai toan hai 16p. Nguyén 1y co ban cua thuat toan 12 ngoai
viéc xem x¢&t sy chénh 1éch gifra cac gia tri dac trung va phuong sai trong cac 16p, no
con xem xét ca khoang cach giita cac mau (instance).

Xét véc to dic trung f va cac vée to dic trung ciia mau gan nhat véi f tir mdi
16p. MAu gan nhat thudc vé cing 16p duge xem nhu 14 gan trang (GT), va miu gan
nhat vi mot 16p khac duoc xem nhu 13 gan bo 16 (GBL).

Thuat toan Relief [35] tinh trong s ctia dic trung tht i theo cong thire lap sau:
W; = W; — (Vi - GTi)Z + (Vi - GBLL)Z (12)

1.3.3. Thudt toan Relief-F

Thuat toan Relief-F [35] 1a mot cai tién cua thuat toan Relief. N6 udc lugng
cac 1é tin cdy hon. Cac dic trung du thira, khdng lién quan hodc nhidu, c6 thé anh
huong dén viéc lua chon cac 1an cin gin nhét. Pay 1 nguyén nhan lam cho viéc ude
lugng céc 18 thiéu tin cay. Dé giai quyét van dé nay, Relief-F tim kiém k GT gan nhat
va GBL gan nhét thay vi GT va GBL, va tinh trung binh déng gop cua tat ca k GT
gan nhit va GBL gan nhat. Lya chon cac 1an can gan nhét 13 rit quan trong trong
Relief-F. Muc tiéu 1a tim cac l4n can gan nhat dbi véi cac thudc tinh quan trong.
Nhiéu nghién ctru da dugc thuc hién dé khai thac kha nang lua chon dac trung cia
thuat toan Relief-F (xem [40]).

1.4. Trich rut dic trung

Viéc trich riit dic trung 1a mot phuwong phép quan trong dé tao ra cac dic trung
méi dua trén sy két hop hodc bién doi ndo d6 cua cac dic trung gbe. C6 rat nhiu
phuong phap trich rat dic trung khac nhau dugc dé xuat dé dap tng nhu cau trong
cac ung dung khac nhau.

K thuat trich rat dic trung c6 nhiéu loi ich trong cac ing dung thuc té. Chiing
cho phép 1am viéc v6i dir liéu chiéu thip hon, ddn dén chi phi tinh toan giam di. Cac
phuong phap trich rut dic trung ciing gitp thu duoc cac biéu dién dir liéu phan biét
hon. Dir li€u phan biét lam tang hi¢u nang cho phan 16p trong khi cho phép su dung
cac bd phan 16p don gian hon. Nhiéu nghién ctru da dugc thuc hién dé thu dugc cac

biéu dién dir liéu phan biét [41], [42], [43].
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Trich rat dac trung dugc thuc hién thong qua viéc chiéu dir lidu géc Vvao cac
khéng gian nhing. Cac phuong phép tiéu biéu c6 thé ké dén bao gdm Phan tich
phan biét tuyén tinh (LDA - Linear Discriminant Analysis) [44], Phan tich phan biét
tuyén tinh thura manh (RSLDA - Robust Sparse Linear Discriminant Analysis) [41],
va trich rat dac trung st dung giam gradient (FE_GD - Feature Extraction using
Gradient Descent) [43], Phan tich thanh phan chinh (PCA - Principal Component
Analysis) [45].

1.4.1. Phén tich thanh phan chinh

Phan tich thanh phan chinh (PCA) 1a hitu ich nhét khi dit liéu ndm trén hozc
gan v6i mot khong gian con tuyén tinh cua tap dir liéu. Véi loai dit liéu nay, PCA tim
mot co s& cho khong gian con tuyén tinh va cho phép bo qua cac dic trung khong
lién quan.

Véi mot tap dir liéu dugc cho, noi mdi mau dit liéu ¢d D chiéu (tuc 1a D dic
trung), PCA tinh mot tap céc véc to dic trung D chiéu duoc giong véi cac hudng ma
c6 phuong sai cuc dai cua dir licu.

Céc thanh phan chinh c6 mot sd cach st dung: (1) Chiéu dir lidu gbe 1én cac
thanh phan chinh nay; (2) Str dung cac thanh phan chinh nay dé tao ra cac diém moi.
(1) c6 thé duogc thuc hién bang viéc ap dung tich vo hudng cua mot diém dit lidu dau
vao v6i thanh phan chinh dé nhan vé gia tri vo hudng ma 1a chiéu cua diém d6 1én
thanh phan chinh nay. Vé nguyén ly, dir liéu dau vao D chiéu co thé duoc chiéu Ién
D thanh phéan chinh cia né, tuy nhién, chi liwa chon cac thanh phan chinh ma biéu
dién mot phuong sai dit liéu cao dé chiéu 1én. Céc thanh phan chinh nay c6 thé dugc
lya chon thti cong hoac dua vao mdt ngudng duoc thiét 1ap.

RP*P gdm cac thanh phan chinh. Ma tran nay

Ma tran bién d6i truc giao P €
duogc tinh todn theo cac rang budc sau:

Y = PTX, & day X € R¥*P biéu thi ma tran di liu géc gdbm N mau vai D
chiéu, va cac cot cta Y chira chiéu trén cac thanh phﬁn chinh PPT = 1. Hon nfra,
YYT = U, & day U biéu thi ma tran hiép phuong sai (ma tran duong chéo) cua cac
diém duoc chiéu Y ma khong twong quan.

V& mit toan hoc, ma tran hiép phuong sai U = YY” ¢c6 thé duoc biéu dién

nhu sau:

YYT = (PTX)(PTX)T = PT(XXT)P  (1.3)
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Dai lugng thu dugc trong phuong trinh (1.3) ¢ trén 1a mdt ma tran dudng chéo

U trong do:
PT(XXT)P=U (1.4)
Néu ta nhan vé trai ctia phuong trinh (1.4) v6i P va vé phai vai PT, ta thu duoc:
XXT = PUPT (1.5)

Biét rang PPT = I, va phan rd SVD (Singular Value Decomposition) cta dai

luong XXT la:
XXT = VSWT (1.6)

& day V va W chira cdc véc to riéng trai va phai cta dai lwong XXT va S 1a mot ma
tran duong chéo chua cac gia tri riéng twong tng. Bang viéc két hop hai phuong trinh
(1.5 va 1.6) ¢ trén, ta c6 PUPT = VSWT va béi vi XX duoc xay dung nhu mot ma
tran d6i xung, cac véc to riéng trai va phai W va V s& bang nhau, dan dén PUPT =
VSWT, biét rang P va V 1a tryc giao. Diéu nay két luan rang P = Vva U = S. Vi thé,
U 132 ma tran truc giao va dit liéu chiéu Y 1a khong twong quan. Piéu ndy ciing cho
thdy rang cac thanh phan chinh tuong mg véi ma tran dit liéu X duoc cho béi cac véc
to riéng ctia ma tran hiép phuong sai XX” cua dir liéu gdc.

N6i chung, C6 thé str dung PCA nhu mot phwong phép trich rat dic trung hodc
giam chiéu dir liéu. PCA st dung cac vector riéng ctia ma tran hiép phuong sai dé
thuc hién giam chiéu dir liéu. PCA tip trung vao tim cic ham co so truc giao dé thu
cac huong phuong sai cuc dai trong dir liéu. N6 bao toan cac khoang cach cdp dang
Euclide. Nhuoc diém chinh ctia PCA 1a str dung tiép can hoc khong giam sat nén do
chinh xéc ctia cac nhi¢m vu phan 16p bi han ché.

1.4.2. Phén tich phén bigt tuyén tinh

Phén tich phan biét tuyén tinh (LDA) 12 mt trong cac phuong phép trich rut
dic trung phd bién nhit duoc str dung trong hoc c¢6 giam sat. Cho dén nay, LDA van
la mét cong cu dugc yéu thich cho cadc nhi¢ém vu phan 16p ¢ giam sat. Do tinh don
gian va manh mé cua n6 [46]. Pic trung duogc trich rat boi LDA c6 tinh phéan biét t6t
nén né hiéu qua cho nhiém vy phan 16p. Tuy nhién, LDA that bai trong truong hop
s6 luong bién dy doan qua 16n so v6i sb luong quan sat. Trong trudng hop nay, ma

trn trong pham vi 16p (within-class matrix) s& 1a suy bién (singular), do d6 khong
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thé ap dung LDA. Mot vién canh khac ma LDA ciing that bai d6 1a khi cac duong
bién (boundary) khéng cung cp su phan tach tét cac 16p trong dit liéu. C6 nhiéu
phuong phap duoc dé xuat dé giai quyét cac han ché cia LDA c6 dién va chiing duoc
chtng minh 12 c6 tinh hiéu qua tt trong cac nhiém vy phan 16p anh. Diéu nay da gitp
LDA tré thanh mét trong nhing co sé thanh céng nhét cho cac thuat toan phan 16p
anh méi sau nay. Vi vay, cach tiép can dua trén LDA duogc cho 1a c6 hiéu qua vuot
troi doi v6i phan 16p anh.

LDA doi hoi thong tin nhdn cta dit liéu huin luyén dé tinh khong gian con
chiéu t6t nhat trong d6 cac mau kiém tra s& duogc chiéu vao dé dugc phan 16p. Cho C
biéu thi sb céc 16p trong dir lidu va n ky hiéu cho sb cac mau trong 16p c. LDA tim
mot chiéu tuyén tinh ma ting khoang cach gitra cac mau thudc vé cac 16p khac nhau
va giam khoang cach gitta cac mau thudc vé cing mot 16p. Noi cach khac, LDA ude
luong ma tran bién d6i noi ma khong gian mong mudn cuc dai phuong sai gitra cac
16p va cuc tiéu phuong sai trong mot 16p.

Gia sir 1 1a trung binh cua tat ca cac mau dir liéu va y; trung binh caa cac mau

thudc vé 16p tha i. Cac trung binh nay cé thé dugc tinh nhu u = % L XL % VA

__Z] 1 ]

Pau tién, LDA tinh ma tran phan tan giita cac 16p S, st dung cong thirc:

b ==y — )y — )7 (1.7)

Tiép theo, ma tran phan tan trong vi 16p S,, dugc tinh nhu sau:

= Z =1 2 (Xij — ) (x — )" (1.8)
LDA nhiam udc lugng mot khong gian chiéu ma cyc dai phuong sai gitra cac
16p va cuc tiéu phuong sai trong pham vi 16p. Trong trudng hop chi c6 mot truc chiéu,
truc chiéu p co thé thu dugc thong qua giai tiéu chuan Fisher [33]:

T
p= arglr)nax ;I:T::, I; (1.9)

Bai toan (1.9) trén c6 thé bién d6i thanh mot dang khac [47] nhu sau:

T _
p’ (Sw—ASp)p (110)

= argmax
p & pTSwp

pTp=1
& day A la mot hang s6 duong nhé. Thong qua giai phuong trinh (1.10) trén, co thé

thay rang véc to chiéu toi uvu p 1a véc to riéng lién ket vdi gid tri riéng nhd nhat cua
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S,, — ASp. Pi voi trudng hop c¢6 nhiéu hon mét truc chiéu, ma tran chiéu P € RE¥k

gom k véc to riéng lién két Vi k gid tri riéng nho nhat cia S, — AS,,.
1.5. Hoc may cho tra ctru anh dua vao ngi dung

Gan day, cac hé thong CBIR di chuyén sang st dung cac phwong phap hoc
may dé cai tién hiéu ning tra ctru. Phan nay ludn 4n sé trinh bay vé hoc khong giam
sat, hoc ¢6 giam sat va hoc sau ma duoc su dung trong CBIR.

1.5.1. Hoc khong giam sat cho CBIR

Qua trinh phan cum dugc thyc hién sau qua trinh trich rat dac trung va xay
dung véc to dac trung. Phan cum dugc xem la phuong phap hoc khong giam sat
bdi vi n6 khong biét trude cac nhan cua cac mau. Phuong phap phan cum K-means
va K-means++ [48] la hai phuong phap duoc sit dung pho bién trong CBIR, dic
bi¢t 1a khi sir dung cac dac trung cuc bo. Qua trinh phan cum thuong dugc sur dung
trong cac phuong phéap nay dé quyét dinh mot anh trong CSDL thudc vé nhom ngir
nghia nao.

Trong [49], cac tac gia da ap dung K-means 1én tir vung truc quan dugc xay
dung tur viéc két hop céc tir vung truc quan cua SIFT va mau thir tu cuong do cuc bd
(LIOP - local intensity order pattern) dé ting cudng qua trinh tra ctru. Han ché cta
K-mean khi dugc 4p dung vao CBIR 12 can chi 1 s6 lwong cac cum khi bat ¢au. Hon
nita, viéc lya chon trong tdm ban dau sé& anh huong dén hiéu nang cua thuat toan phan
cum va 1am cho né dimg ¢ murc t6i vu cuc bo néu khong co trong tdm ban dau phu
hop nao duogc chon. Mic dit mot s6 luong 10n cac cum sé giam sai sd, tuy nhién rui
ro ctia qua khép van 1a cao. K-means c6 nhugc diém la khong xu Iy duoc cac dir li¢u
ngoai lai va nhidu. Céc tac gia trong [50] da st dung K-means++ 1én tir dién truc quan
duogc xay dung tir viée két hop céc tir dién truc quan luoc d6 gradient c¢6 hudéng (HOG
- Histogram of Oriented Gradient) va SURF. K-means++ khic phuc han ché cta K-
mean théng qua viéc gan cac trong sb cho cac trong tim khai tao. Mic du qué trinh
chon trong tdm ban dau phtrc tap va ton thoi gian hon so véi K-mean, nhung viéc
phan cum 1a chinh x4c hon va ¢ it 1an 1ap hon, gitp giam chi phi tinh toan.

1.5.2. Hoc co giam sdat cho CBIR

Phuong phap hoc c¢6 giam sat khac voi hoc khong giam sat, boi vi né biét trude
nhan cda anh trong tap huén luyén. Do @6, n6 dugc st dung dé thuc hién cac nhiém
vu phan 16p. Phan nay sé& gi6i thiéu mot sé phuwong phap hoc may c6 giam sat thudng

duogc su dung trong CBIR.
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1.5.2.1. Mdy véc to hé tro

May véc to hd trg (SVM - Support Vector Machine) [51] 1a mét trong cac bo
phan 16p c6 giam sat phd bién nhat dugc sir dung trong nhan dang mau va phan 16p
anh. Khi dir liéu méi duoc dua vao, SVM s€ quyét dinh 16p ma no thude vé. C6 hai
loai SVM [52] 1 tuyén tinh va phi tuyén tinh. Trong SVM tuyén tinh, cac dic trung
¢6 thé duoc tach thanh hai 16p thong qua st dung siéu phang tach. Trong khi d6, SVM
phi tuyén sir dung cho tap dir liéu khong thé tach duoc boi siéu phing tach, nd st
dung cac ham nhan dé cho phép tach dugc bang viée b sung chidu méi. Him nhan
dugc xem nhu mot phan quan trong ma anh hudéng dén hiéu niang cia SVM. Nhiéu
nghién ctru di st dung bd phan 16p SVM dé dy doan 16p ciia mot anh dau vao [49],
[50]. Tat ca ho déu sit dung SVM véi nhan Hellinger [53], c6 ngudn gdc tir nhan
Additive, c6 chi phi tinh toan thap va hiéu ning t6t hon cac nhan khac. Dé phan hang
cac anh, khoang cach tir siéu phang tach dén mot anh duoc sir dung 1am gia tri phan
hang, cac anh thudc 16p duong va cang xa siéu phang tach thi c6 diém sé cang cao va
dugc xép o top ctia danh sach phan hang.

1.5.2.2. Mang no ron nhan tao

Mang no ron nhan tao (ANN - Artificial Neural Network) dugc str dung rong
rii dé tim cac nghiém t6t cho hau hét cac bai toan thé gidi thuc, trong dé ¢ tra ciru
anh. Sy phat trién ctia cic mang ndy giéng nhu hanh vi ctia hé théng no ron con ngudi.
Céac dic diém xur 1y thong tin vuot trdi cia ANN, chéng han nhu do manh, tinh toan
song song, kha nang chiu 16i, nhiéu va tinh phi tuyén, lam cho no tro thanh mot lwa
chon dau tién dé giai quyét nhiéu van dé [55].

Vé co ban, ANN bao gdm cac no ron va céc lién két két néi cac no ron voi
nhau. ANN gém ba 16p: 16p dau vao, 16p an va Iép dau ra. Lép dau vao gom n no
ron, véi mdi no ron cho mot bién doc 1ap trong mang. Nguoi ding chon s no ron
trong 16p an dya trén thue nghiém. Lp dau ra c6 sé no ron bang véi sb 16p va duoc
coi 14 bién phy thudc. Trong sd dugce gan cho mdi két ndi giira cac no ron va duoc
diéu chinh trong mdi lan ldp ciia qua trinh huan luyén mang. Viéc chon mang la theo
tirng bai toan cu thé.

bé sir dung ANN nhu mot bd phan 16p, nd can thue hién viéc huin luyén va
kiém tra. Cac tac gia trong [56] dd dé xuat mot hé théng CBIR ma tra ty dong cac anh

trén co sé ddi tugng chinh ctia chiing. Véi trich rat ddc trung, cac tac gia da ap dung
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bién d6i Bandelet trén d6i twong chinh ciia anh. Cac tac gia da sir dung mang no ron
lan truyén ngugc dé phan 16p két ciu theo mot trong bén loai (khong c6 khdi duong
vién, doc, ngang, chéo phai/trai). ANN bao gém 20 no ron trong mat 16p an va 4 no
ron & 16p dau ra. Cac tac gia da sir dung loc Gabor cho cac dic trung két cau dua trén
dau ra ANN. Dé ting cudng hiéu ning hé thdng, cac dic trung mau duoc trich rut
trong céc khdng gian mau YC,C, va RGB bang viéc sir dung lugc dd mau va céc
wavelet mau. Mot mang ANN khac dugc st sung dé phan 16p cac anh trong cing mot
16p véi anh truy van va so sanh chiing vdi toan bo cac anh trong 16p d6. Hé thdng cia
ho duogc xay dung trén khai niém phan doan, cho ra két qua chinh x4c hon nhung cham.

Kién trac ciia ANN c6 tac dong 16n dén hiéu ning cta hé thong. Kién trac nay
dugc hoc bang cach thir va sai [57]. Ldi huan luyén va d6 khong dam bao ting 1én
néu di liéu dau vao bi nhifu va nhén thic s& khong chinh xac [20].

1.5.3. Hoc sdau cho CBIR

Trai qua nhiéu thap ky, k¥ thuat hoc sau da thu hat duoc su quan taim dang ké
trong linh vuc hoc may nham giai quyét cac van dé cua thyc tién. Kién trac hoc sau
bao g@)m mot ho cac thuat toan hoc may, thiét ké cuia n6 duge léy cam hung tr bo nao
con ngudi. Cac thuat toan ndy to chirc va thao tic thong tin bang cach chuyén ching
qua cac giai doan biéu dién va bién doi. Sy thanh cong cua cac thuat toan hoc sau
trong nhiéu linh vuc (vi du: nhan dang doi tuong) da khién no tré thanh mot lua chon
hang dau trong linh vyc tra ctru anh, dac bi¢t 1a CBIR dé khic phuc van dé khoang
trong ngit nghia.

Kién trac cua hoc siu gitip né c6 kha ning anh xa dit lidu & 16p dau vao sang
dir liéu ¢ 16p dau ra ma khong phu thudc vao cac dic trung do nguoi cung cap [58].
Thuat toan hoc sdu bao gdm mang no ron tich chap (CNN - Convolutional Neural
Network), mang no ron sau (DNN - Deep Neural Network), mang niém tin sau (DBN
- Deep Belief Network), va may Boltzmann (Boltzmann machine). Trong d6, CNN
thé hién hiéu nang vuot trdi trong cac ung dung thi giac may tinh nhu nhan dang
khudn mit, phat hién ddi twong va phan doan ngir nghia [59] va dic biét trong linh
vuc CBIR. CNN gdm ba loai 16p: 16p tich chap (convolutional layer), 16p gop
(pooling layer) va 16p két ndi day du (fully connected layer) [60]. Cac bo loc duoc ap
dung d6i v6i cac anh thong qua 16p tich chip dé hoc cac dic trung, chirc ning cua

cac 16p trung gian (16p pooling) 1a 1dy mau giam cac dau vao hién tai (ma 1a du ra
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ctia 10p ngay trude). Lop cudi cung (16p két ndi day du) du doan 16p cia anh dau
vao. Su khac biét gitra ANN va CNN 14 16p cubi cung cua CNN chi 1a 16p duoc
két ndi day du trong khi & ANN, tat ca cac no ron déu duoc két ndi véi cac no ron
khac [61]. CNN ciing bat bién dbi v6i dich chuyén, ti 18 va xoay, do d6 nd dic biét
c6 ich cho cac tng dung thi gidc may tinh [59]. CNN khéng yéu cau trich rut dic
trung tha cong [62].

Céc tac gia trong [58] da kiém tra hanh vi cia CNN trong cac thiét 1ap khac
nhau trong linh vuc CBIR nhim cung cdp biéu dién dic trung cho cac anh, va né
cling nham thyuc hién do do tuong tu. Cac tac gia da két luan réng CNN c¢6 thé duoc
str dung dé trich rat cac dic trung cho cai tién hiéu ning tra ctru anh. Tuy nhién, do
tir dién tryc quan 16n dugc st dung, thoi gian huan luyén va chi phi b nhé 16n da 1am
giam kha ning tra ctru ctia CBIR. Céc tac gia trong [63] da sir dung CNN song tuyén
tinh cho dé xuat mot hé théng CBIR. Ho da st dung CNN dé trich rat cac dic trung
tor nd1 dung anh theo cach khong giam sat ma khong phu thudc vao chu thich hoac
nhan 16p. Cac dic trung dugc trich rat co chidu giam di boi vi cac tac gia phu thudc
vao str dung lugc db gop trong qua trinh trich rat, do d6 giam viée sir dung bd nhé va
giam chi phi tinh toan. Lugc d6 dé xuit dugce chimg minh 1a cho hiéu ning tét. Tuy
nhién, thoi gian tra ciru cho CSDL 16n con xa so véi doi hoi cia thuc té.

bé nang cao hiéu nang tra ctru vé mit chi phi tinh toan va st dung bd nhd,
Gogul va Kumar trong [64] da dé xuat phuong phap CBIR str dung CNN cho biéu
dién dic trung bang viéc st dung gdp cuc dai (maximum pooling) sau cac 16p tich
chép thay vi st dung cac 16p két ndi day du boi vi cac 16p két ndi day du loai bo thong
tin khdng gian do két nbi dén toan bd cac no ron dau vao. Kién trac nay giam chiéu
cua by mo ta dac trung trong khi gitr lai thong tin khong gian, do dé né thu dugc hi¢u
qua tra ctru cao. P& xuat mot cach tiép can gom ba luge do, tiiy thudc vao thong tin
¢6 sin: hudn luyén khong giam sat, duoc st dung khi khong c6 nhan dit liéu; thong
tin lién quan, dugc st dung khi cé dir liéu dugc gan nhan; va huin luyén dua trén RF,
duoc st dung khi ¢6 phan hdi tir ngudi ding.

G. Alain va Y. Bengio trong [65] d& dé xuit phuong phap CBIR end-to-end,
ma dwa vao VGGNet [66]. Pé hudn luyén CNN trong trich rat dic trung, ho da st
dung tap dit liéu truong hip din va nhin diém tuong ty thay vi nhin thong thudng.

Hé thong da cho do chinh xac tot, tuy nhién hé thong st dung nhiéu thoi gian dé xay
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dung CSDL trudng hip dan va cin dugc ting cudng hon nita cac giai doan huin
luyén va kiém tra.

Céc tac gia trong [67] da dé xuit mot cach tiép can CBIR ma sir dung CNN dé
trich rat cac dic trung murc cao. Lop cudi cung cua Alexnet [2] duoc st dung dé trich
rt cac dic trung boi vi 16p cudi ciing c6 véc to dic trung nho nhat. Biéu dién thua
duoc su dung dé gidm chi phi tinh toan va né 1a hi€u qua vé mat nén dir liéu. Mic du
biéu dién thua thu duoc tc do tra ctru nhanh hon nhung vi¢c tinh d§ tuong tu trén
cac véc to gia tri thyc con kha cham ddi voi cac CSDL 16n.

Nhu véy, viéc sit dung cac phuong phap hoc sau c6 giam sat dé tra ciru anh c6
thé cai thién do chinh xac, tuy nhién, dé huan luyén mo hinh can phai c6 mot lugng
dir liéu 16n dugc gan nhan va viée tra ctru trén cac CSDL 16n lai ton thoi gian va
khong thuc té. Vi vay, dé khai thac cidc mau khong c6 nhan sin, cach tiép can hoc
khong giam sat cling dang dugc quan tam.

1.5.3.1. Mang autoencoder

Mot autoencoder 1a mot mang no ron nhan tao, mot phuong phap hoc khong
giam sat ap dung thuat toan lan truyén nguoc bang viéc thiét 1ap cac gia tri muc tiéu
xap xi voi cac ddu vao. Autoencoder chuyén mot anh dau vao sang mot biéu dién
khong gian 4n (LSR - Latent Space Representation) dugc nén (giong nhu giam chiéu).
Do khong c6 cac nhan 16p dugc gan, auencoder dugc xem la thuat toan hoc khong
giam sat. Tuy nhién, autoencoder thuong dugc xem nhu ki thudt hoc tuy gidm sat hon
1a khong giam sat boi vi cac gia tri muc tiéu duoc sinh ra tir dir liéu dau vao (hoc
khéng gidm sat dwoc chuyén thanh hoc c6 giam sat bang cach tw dong tao nhan).
Autoencoder c6 thé tai cau tric dir liéu dau vao dugc cung cap tir biéu dién khong
gian an cta no.

Dién hinh, cic autoencoder c6 hai mang con (xem Hinh 1.2): th& nhit, mot
encoder méa chap nhan dir liéu dau vao va chuyén dir liéu dau vao nay sang biéu dién
khong gian an. Thir hai, mot decoder ma chap nhan dit liéu dau vao 13 biéu dién khong
gian an dé tai cAu trac dir liu goc. Autoencoder tap trung vao dit lidu, c6 nghia la
ching chi c6 thé nén dir liéu ma chung da duoc dao tao. Boi vi decoder khong dam
bao chi s6 chat lwong tuong ty cho sinh ra dir liéu goc tir biéu dién khong gian an, vi
vay co thé théy chét luong gié tri muc ti€u bi giam mot chut so vaoi dir liéu géc.

Do autoencoder khong yéu cau nhan 16p, nd ¢ thé duoc str dung cho tinh toan
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biéu dién khong gian an cia toan bo anh trong CSDL. LSR biéu dién mét véc to chira
tat ca cac dic trung cua anh va co thé duoc xem nhu céac véc to dic trung. Khi mot
anh duoc tra ciru, LSR cua anh dau vao duogc léy ra va duoc tinh toan véi cac véc to
dic trung cua cac anh khac trong CSDL. Cac anh trong CSDL ma c¢6 LSR gan voi

LSR cuia anh truy van s& dugc xem 14 cac anh c6 lién quan véi anh truy van nhat.

Bigu
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Hinh 1.2. Mang Autoencoder
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Hinh 1.3. Tich hgp autoencoder v6i mo hinh CBIR [165]
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Hinh 1.3 & trén 1a mot md hinh CBIR véi autoencoder. Dau tién, autoencoder
duoc huan luyén trén CSDL anh dau vao theo cach khong giam sat. Mang con
encoder duoc sir dung dé tinh LSR cua tat ca cac anh trong CSDL anh. Cac dic
trung cua anh truy van va cac anh CSDL déu dugc trich rat va luu trit dudi dang
cac véc to dac trung trong CSDL dac trung. Khi tra cttu, Véc to dac trung cua anh
truy van s& duogc so sanh véi cac véc to dic trung ciia cac anh trong CSDL dé gidp
hé théng CBIR tra vé cac anh c6 khoang cach nho nhat so vai anh truy van.

1.5.3.2. Mang phin dw (ResNet)

Mang phan du [68] duoc dé xuat dé giai quyét van dé suy giam hiéu nang cia
c4c mang no ron sau. Ky hiéu anh xa co ban 1a H(x), cho cac 16p phi tuyén dugc xép
chdng khop véi anh xa con lai F(x) = H(x) — x. Nhu dugc chi ra trong Hinh 1.4,
anh xa goc dugc chinh lai thanh F(x) + x, tac 1a

H(x) = F(x) +x (1.11)

Luu y trong phuong trinh (1.11), chiéu cta x va F(x) 1a nhu nhau. Bén canh
d6, Hinh 1.4 ciing xac dinh mot khéi xay dung (building block) cta 4nh xa ddng nhat
boi cac dudng tit dé hoc mdi tang dugc xép chong va duoc mo ta nhu sau:

y=F&{W}) +x (1.12)

& day x vay 1a cac véc to ddu vao va dau ra cia cac 16p dugc xét. Cac chiéu cua x
va F phai nhu nhau. Néu khong, mot chiéu tuyén tinh W phai dugc thuc hién boi
cac két ndi dudng tat dé khdp céac chiéu:

y = F(x, {W;}) + Wx (1.13)

weight layer
J—"(x) ! relu <
weight layer dentity

Hinh 1.4. Mot khéi xdy dung ciia mang phan duw
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Nhu vay, dé nang cao do chinh x4c tra ciru ctia hé thong thi can phai 4p dung
cac k¥ thuat hoc my, tuy nhién cac van dé s& gip phai bao gdm chi phi thu thip miu
huan luyén c¢& 16n va thoi gian tra ciru 1au. Cac van dé nay ciing 13 cac van dé ma ludn
an sé& tap trung giai quyét.

1.5.4. Hoc két hop

Trong linh vue may hoc, dic biét 1a khi néi vé cac phwong phap ma muc tiéu
chinh 14 cung cp khong gian nhung phan biét, ta thudng tim mot mo hinh duy nhat.
Lam viéc voi cac mo hinh duy nhét duoc cung céip b1 cac thuat toan manh luon la
mot cach tiép can hiéu qua trong cac nhi€ém vu phan loai. Tuy nhién, trong thuc té,
hoc véi mot md hinh duy nhat khong luon din dén hiéu nang t6i wu. Luu y ¢ day 1a,
“mo hinh” ¢6 nghia & trong ngir canh cua hoc két hop (Ensemble) chir khdng phai
ngir canh hoc sau. Trong ngit canh nay, mdi mo hinh khai thac mot khia canh nao d6
cua dbi twong va dé cd thé khai thac duoc nhiéu khia canh, ching ta phai két hop
nhiéu mo hinh,

Pé giai quyét van dé nay va nghién ctru cach cai thién hiéu ning ciia cic
phuong phap khac nhau, mét s6 nghién ctiru da dé xuat stir dung tiép can hoc két hop
(ensemble learning). K§ thuat hoc két hop gitp két hop cac dy doan tir nhiéu mé hinh
hoc may vao mot mo hinh duy nhat, tir d6 giam thiéu sai s6 tong quat. Phuong phap
nay co tinh linh hoat cao va c6 thé duoc mé rong cho quy mé 16n hon véi luong dix
liéu huan luyén san c6. Bagging [69] va boosting [70] 14 hai cach tiép can hoc két hop
duogc sir dung phd bién.

Y tudng chinh ciia hoc két hop 13 pha tron va két hop cac du doan tir nhiéu mé
hinh. Nhitng mé hinh nay thudng 14 nhitng mé hinh t6t va mdi mé hinh trong s
chung cung cap mot thudc tinh phan biét tét cua riéng né. Bang cach két hop cac mo
hinh nay, ngudi ta thu duge mot mo hinh duy nhat ma cé kha ning phan biét tot hon,
dan dén phén 16p tot hon. Trong truong hop cac mo hinh duoc két hop dang, diéu
nay c6 thé dan dén cac mo hinh s& mang va chinh xac hon. Hoc két hop gom mot sd
phuong phap ludn nhu stacking, boosting, bagging,...

Nhiéu phuong phap hoc két hop da duoc ap dung vao cac nhiém vu phan 16p,
str dung pho bién nhét 1a phan 16p véi mang no ron. Ly do ma hoc két hop duoc chi
ra 13 c6 dong gop tét cho cai tién hiéu ning cia mang no ron [71].

Hiéu ning cia mot md hinh duy nhat thuong duoc do boi kha ning ctia nd
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trong xac dinh bd du doan tot nhat cho dit liéu. Piéu nay chi c6 thé duoc suy ra sau
khi qué trinh phan 16p hoan thanh. Khong c6 cach nao dé nhan ra thong tin nay trudc
bang cach chi khai thac dir liéu duoc xir Iy va bai toan tdi uu hoa [72].

Brieman dé cap dén mot s6 nghién ctru lién quan vé cac thudc tinh 1y thuyét
ctia hoc két hop trong [69]. Mot chién lugc ndi tiéng khac duge sir dung trong hoc két
hop duoc goi 1a "stacking", n6 lién quan dén viéc két hop cac du doan cua nhiéu mé
hinh khéc nhau trén cing mot tap dir liéu. Nhiéu nha nghién ciru dd dé xut cac phuong
phap két hop tuyén tinh dua viéc stacking vao tap hop cac mé hinh [69].

Dé biét sy két hop hiéu qua nhét ciia cac md hinh, nghién ciru duoc mé ta trong
[69] da kiém tra hdi quy xép chong (stacked regression) bang cach sir dung xac thuc
chéo (cross-validation). Nghién ctru dua trén xac thuc chéo dugc mé rong véi muc
dich tim ra su két hop t6t nhat cta cac yéu td du doan bang cach dé xuat phwong phap
"Super Learner" [72]. Phuong phéap nay cho thiy tinh wu viét va dong gop tot trong
mdt s linh vue: hoc truc tuyén (online learning) [74], cac tng dung du doan khong

gian (spatial prediction applications) [75].

Dit liéu
huin luyén

e

Dir liéu 1 Dit liéu 2 Dit ligu N
Phirong phip Phwong phap Phwrong phap
hoc 1 hoc 2 hoc N
M6 hinh 1 M hinh 2 M6 hinh N
Bé két hop mé hinh
M6 hinh cubi

Hinh 1.5. Hoc két hop
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Hinh 1.5 biéu dién cau trac ciia phuong phap luan hoc két hop. Trong mé hinh
nay, nhiéu tap con dir liéu huén luyén dugc sur dung dé tao ra nhiéu mo hinh. Cac mé
hinh thu dugc duoc dua vao bo két hop mo hinh dé sinh ra mot mé hinh cudi cung.
M hinh cudi cung s€ dugc str dung cho nhiém vy mong muén.

1.6. Co ché phan hdi lién quan

Phan hdi lién quan (RF) 12 mot cong cu phd bién va manh mé trong cac hé
théng CBIR. N6 duoc gidi thidu vao dau nhimg nam 1990 véi muc dich giam khoang
trng ngit nghia gitta cac truy van (dic trung murc thap) va nhirng gi ngudi ding nghi,
bang cach dua nguoi ding tham gia vao qua trinh tra ctru. Su tuong tac lién tuc voi
nguoi ding da gitp RF cai thién hiéu sut ciia cac hé thdng CBIR mot cach dang ké

[77]. Hinh 1.6 minh hoa qua trinh hoat dong ctuia RF trong CBIR.

-
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Hinh 1.6. So dd md ti hoat dong ciia RF trong CBIR

Quy trinh chung ctia hé théng RF trong CBIR dugc thé hién nhu sau:

Budc 1: Nguoi ding chon mot anh truy van va hé thong s& trich xuat dic trung
murc thap cta anh.

Budc 2: Hé thong tra vé két qua anh, voi hai trudong hop xay ra: (1) Trong giai

doan ban dau, anh két qua duoc xép hang dua trén muc dJ tuong ty cua dac trung
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murc thip giita anh truy van va cac anh trong CSDL. (2) Trong cac vong lip phan hoi,
mot ham phan 16p duge sir dung dé xép hang anh két qua.

Budc 3: Nguoi dung danh gia tinh lién quan cta két qua tra vé va chon nhiing
anh c6 muc dg tuong tu cao nhat.

Budc 4: Dir liéu duoc gén nhén tir két qua lya chon ctia nguoi dung dugc su
dung cho thuat toan hoc may, sau dé qua trinh tra ctru duoc lap lai tir bude 2.

T bude 2 dén bude 4 s& duoc 1ap lai nhiéu lan dé tang d6 chinh xac cho dén
khi ngudi dung hai 1ong véi két qua tra ciru cia minh.

Tom lai, RF 1a mot bai toan phan loai nhi phan, trong d6 anh mau dugc cung
cap boi nguoi st dung dé hudn luyén mot 16p phan loai. Lép nay duogc ap dung dé
phan loai cac anh trong CSDL thanh hai nhém: nhirng anh lién quan dén truy vén va
nhing anh khong lién quan dén truy van.

Nhirng thach thirc trong phén hoi lién quan:

Tt khi dugc gidi thi€u vao nam 2007 bdi Liu va cac cong su, ky thuat RF da
dat dugc nhiéu thanh tuu dang ké. Tuy nhién, van con ton tai nhiing nhuoc diém ma
cac phuong phap méi can dugc cai tién lién tuc dé khic phuc chang. Cho dén nay,
cac nha nghién ctru van dang tiép tuc nghién ctru nhitng nhugc diém nguyén thuy cua
k¥ thuat ndy dé cai thién chat luong cua né.

Mot s6 han ché trong RF cua h¢ théng CBIR nhu sau:

- Khong thé trich chon ngit nghia mirc cao: cac ki thuat RF gip kho khin trong
viéc trich chon ngir nghia muc cao ctia anh khi chi c6 cac dic trung mirc thap duoc
sit dung trong RF, nhung van ton tai cach tiép can nay trong viéc tra ctru thong tin
van ban. Diéu nay 12 bai vi viée tra ctru dua trén tir khoda, chtr khong phai trén cac dic
trung muc thap.

- Su khan hiém va mat cin bang cac mau phan hoi: dé dat duoc két qua t6t
nhat, ngudi ding khong mudn thyce hién nhiéu 1an lip phan héi. Tuy nhién, trong mot
phién phan hdi thi s6 lugng mau gin nhén thu duoc ludn 1 nhé so véi sd chiéu cua
khong gian dic trung. Vi vay, doi véi cac tap dir liéu huan luyén c6 kich thudc nho,
thi phan 16n cac thuat toan hoc may déu khong thé cho ra két qua c6 do chinh xéac cao
dugc. Ngoai ra, sd luong mau c¢6 nhan &m thudng 16n hon s6 lwong mau c6 nhan
duong, diéu nay khién cho d6 tin cay ddi voi viée hoc phan 16p tré nén kém hon.
Nhitng vin dé nay dic biét nghiém trong ddi voi cac mau duwong, va khién cho do

chinh xac ctia RF giam.
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- Xir 1y thoi gian thuc: dé xir Iy qua trinh hoc trong RF mot cach hiéu qua, tat
ca cac vong 1ip phan hoi bao gdm ca huén luyén va kiém tra déu phai dugc thuc hién
tryc tuyén, diéu nay ton rat nhiéu thoi gian. Tuy nhién, dé giai quyét van dé nay, c6
thé str dung phuong phap biéu dién anh va ciu trac luu trir dudi dang mot cay phan
cap. Piéu nay sé& gilp nang cao hiéu ning cua hé thong.

1.7. Po d¢ twong ty gilra cac anh

Qua trinh trich rut ddc trung va do do tuong tu dong vai tro quan trong trong
hiéu suit cta hé thdng tra ctru anh. Dé xac dinh anh lién quan nhit dén anh truy vén,
do do6 tuwong tu gitta cac anh dugc st dung. Lua chon d6 do tuong tu phu hop s€ anh
huong truc tiép dén do chinh x4c va tinh todn cta hé théng CBIR. Viéc chon d6 do
tuong tu phit hop phu thudc vao ciu triic ctia véc to dic trung dugce trich rit. Cac yéu
td nay can duoc xem xét can than dé tdi wu hoa hiéu suét cua hé théng CBIR.

Do do khoang cach 1a mot phuong phap thudng duoc sir dung dé do su khong
tuong tu gitta hai véc to dic trung. Khi sir dung d6 do khoang cach, gia tri nho nhét
duoc tinh toan dé xac dinh cac anh tuong tu nhét d6i véi anh truy van. Bo do khoang
cach dugc chia thanh hai loai chinh: timg cip thanh phan cta véc to dic trung (bin-
by-bin) va chéo cac thanh phan cua véc to dic trung (cross-bin). Trong do do khoang
cach bin-by-bin, cac thanh phan (bin) tir hai véc to dic trung duoc so sanh. Néu u =
(Uq, Uy, . Uy) VAV = (V4,Vy,....Uy) VA U; € uVva v; € v, thi ham khoang cach bin-
by-bin so sanh wu; v&i chi v;. Loai nay dugc st dung rong rai boi vi tinh don gian va
dé thuc hién nhung né cé nhuoc diém 14 bi anh hudng boi ty 18, luong hoa, nhiéu,
bién dang va thay d6i anh sang [78]. Mit khac, ham khoang cach cross-bin xem xét
tuong quan chéo giira cac thanh phan trong véc to dic trung. N6 manh va mé ta tot
hon khoang cach bin-by-bin nhung né c6 d6 phirc tap tinh toan cao.

Khoang cach ho Minkowski thudc loai ham khoang cach bin-by-bin, dugc
CBIR str dung rong rai bdi vi n6 don gian trong cai dat va tinh toan. Cong thirc todn

hoc cua khoang cach nay nhu sau:

N 1/p
Ly(u,v) = (Z'“i - mp) (1.14)

i=1
O day u va v 1a hai véc to trong RN va N 1a tong sb chiéu cua khong gian Euclide.
Khoang cach Minkowski ciing ¢6 tén 1a chuan L,. Céc khoang cach L, (truong hop

p = 1) va L, (trudng hop p = 2) 1a cac do do khoang cach phd bién duoc sir dung
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trong CBIR va céc linh vuc xtr 1y anh khac. L, cling dugc biét dén 1a khoang cach
Euclide. N6 ¢6 mot tinh chat dic biét 1a bat bién ddi v6i phép bién doi truc giao. Bén
canh d6, L, dugc biét dén nhu 13 khoang cach Manhattan hoic City block. N6 bién
ddi vai xoay hé toa d§ nhung manh v&i phan xa va dich chuyén. Lc6 tén la khoang

cach Chessboard hay Chebyshev, cling thuoc ho Minkowski.
N 1/p
Lo(uv) = 11.131X|Ui —v;| = lim (Zlui — vi|p> (1.15)
i= p—0o
i=1

Trén ban cd ma bicu dién cho khong gian 2 chiéu, L, 12 56 1an di chuyén téi thiéu ma
mot quan vua can dé di chuyén gitta hai 6 vudng. Thanh vién cudi cung caa ho
Minkowski 1a khoang cach phan s (fractional distance), né xuat hién khi p € (0,1).
Khoang cach nay khong duoc coi 1a mot ¢ do boi vi nd khong tudn theo diéu kién
bat dang thirc tam giac [79]. N6 duoc uu tién néu chiéu cua dir liéu 1a cao [78]. N6 la
manh véi nhiu so véi cac thanh vién khac ctia ho Minkowski.

Théng ké Chi-square 1a mot d6 do khoang cach khac ma duoc st dung rong
rdi cho tinh toan sy khac nhau giita cac ham lugce d6 [80]. N6 dugc biéu dién bdi cong
thirc nhu sau:

Chi — square(u,v) = z (%) (1.16)

Chi-square [80] da chi ra sy thanh cong khi n6 duoc ap dung cho phén 16p hinh,
dbi sanh cac moé ta cuc bo [81], phat hién dudng bao [82], va phan 16p céac loai ddi
tuong [83].

Khoang cach lugc dd giao la mot d§ do khac ma duoc sur dung trong CBIR va
cac thuat toan thi gidc may tinh khac nhu phan doan, phan cum, phéan l6p. N6 1a manh
v6i sy thay d6i d6 phan giai, che l14p va thay doi goc nhin [84]. N6 duoc biéu dién

boi cong thirc toan hoc nhu sau:

N
HistogramlintersectionDis(M, S) = Z min (m;,s;)  (1.17)

=1
& day M va S 1a hai lvoc d6 véi N thanh phan.
Khoang cach Mahalanobis duoc sir dung dé do khoang cach giita mot phan bd

va mot véc to dic trung. N6 duoc biéu dién bang toan hoc nhu sau:

MahalanobisDis(v,m) = /(v — m)TC~1(v — m) (1.18)
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O day T biéu dién chuyén vi ctia ma tran, v 1a véc to dic trung, m 1a véc to dong
trung binh va C la ma tran hiép phuong sai. Viéc tinh toan khoang cach nay s€ c6 chi
phi cao ddi véi dir liéu cao chiéu do tinh ma tran hiép phuong sai.

Khoang cach Canberra duoc sir dung cho cac s6 khong dau. Phién ban diéu chinh
cho cac s6 co déu duogce gidi thiéu trong [85] va duoc biéu dién boi cong thire sau:

N
I — il (1.19)

CanberraDis(u,v) =
i [u; + v

& day u va v 1a cac véc to voi cac gia tri thuc. Do do nay nhay cam véi cac gid tri gan

0 nhung né phu hop khi su khac biét vé dau chi ra sy khac biét vé cac 16p [85].
Squared Chord 1a mgt do do khoang cach khac ma dugc str dung trong tra ctru

anh nhung n6 khong phu hop cho cac véc to dac trung co6 cac gia tri am [86]. N6 dugc

xac dinh nhu sau:
N
SquaredChordDis(u,v) = 2(\/5 — W)Z (1.20)
i=1

Khoéng giéng nhu cac khoang cach ¢ trén, ma do d6 khong twong tw, khoang
cach cosin dugc st dung dé do o tuong tu, tirc 1a gia tri 1on ctia @6 do chi ra cac anh
tuong tu nhat v6i anh truy van. Khoang cach cosin [86] do goc giita hai véc to nhu sau:

(u.v)
lul. vl

Viéc chon ding va phu hop d6 do twong tu 1a mot thach thirc 16n, va nhiéu

CosinDis(u,v) = (1.21)

nghién ctru da tién hanh viéc nay dua trén cac thuc nghiém. Chang han cic tac gia
trong [87] da so sanh gitra cac khoang cach Canberra, Chi-square, Manhattan va Oclit
(Euclidean). Ho nhan thay rang str dung khoang cach Euclide 1am d6 do twong ty s&
thu dugc do chinh xac cao hon. Trong khi céc tac gia trong [88] thuc nghi¢ém véi L4,
L,, L, co trong sb, Chi Square, va Square Chord. Ho nhan thay rang str dung L, cO
trong s6 1a lua chon tot nhat d6i vai bd mo ta duoce dé xuét, boi vi L, c6 trong s6 cho
céc két qua tot hon vé d6 chinh xac va d6 phirc tap trong tinh todn. Mic du L, va L,
¢ d6 phirc tap thip hon Square Chord, Canberra va Chi Square, d6 chinh xéc tra ciru
cling thip hon béi vi ca L, va L, 1a nhay cam véi nhidu va khong xem xét cac thanh
phan 1an can. C4c nghién ciru dd chimg minh rang khong nén xem nhe viéc st dung
ngang bang giira cac dic trung khac nhau trong qua trinh do do tuong ty gitta anh

truy van va CSDL anh.
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Trong khong gian ma nhi phan [89], khoang cach gitra u va v 1a khoang cach
Hamming. N6 duoc xéc dinh la s6 cac bit noi ma céc gia tri 1a khac nhau va duoc

phat bi€u vé mat toan hoc nhu sau:

M
HammingDis(u,v) = ) &u; # v;] (1.22)
i=1

Cong thire (1.22) twong dwong véi HammingDis(u, v) = ||u; — v;]|; néu ma ¢o gia
trila 1 va 0. Khoang cach cho cac ma c6 gia tri bé’mg 1 va —1 dugc xac dinh tuong tu.
by tuong tu dua vao khoing cich Hamming dugc xac dinh nhu
HammingSim(u,v) = M — HammingDis(u, v) cho cdc ma ¢6 gia tri 1 va 0, tinh s6
cac bit noi cac gia tri 1a giéng nhau. Tich vo huéng HammingSim(u, v) = u”v dugc
st dung lam do tuong ty cho cac ma c6 gid tri 1 va -1. Cac do do nay cling dugc mo
rong sang truong hop co trong s6 HammingDis(u,v) = Y™, 4;6[u; # v;] va
HammingSim(u,v) = u’Av, 6 day A = Diag (A4, A5, .... Ay) 13 ma trin dudng chéo
va mdi thanh phan trén dudng chéo 1a trong s6 ctia ma bam tuong tng.

Mic du do do twong ty da duoc nghién ciru nhiéu trong thoi gian qua nhung
viéc chon mot do do twong tu pht hop voi mdi bai toan cu thé van 1a mot van dé can
dugc tiép tuc nghién ctru.

1.8. Mot s6 nghién ciru vé CBIR
1.8.1. Nghién ciru quéc té

Trong [90], cac tac gia da gidi thiéu mot hé théng CBIR duya trén sy tich hop
clia mau sac, hinh dang va két cau. Biéu do su twong quan mau, bién do6i Gabor va
bién d6i wavelet duogc sir dung dé trich xuat mau sic, hinh dang va két ciu twong tng.
Céc tac gia da sir dung khoang cach Manhattan 1am d6 do twong ty giira anh truy van
va tap anh dir li¢u. Han ché chinh cua hé thé)ng la do phuc tap tinh toan tang 1én do
tich hop nhiéu dic trung. Phan tich anh & mot murc d6 phan giai duy nhat c6 thé lam
mat mot sd chi tiét ¢ gia tri. Do d6, cac tac gia trong [91] dd phat trién mot thuat
toan phan tich da d6 phan giai méi giup phan tich anh & nhiéu cip do, véi cac cap do
khac nam bat thong tin ma mot cap do di bé qua. Céach tiép can nay dua trén viéc
trich rat cac dic trung két cdu va hinh dang bang cach sir dung bd mé ta mau nhj phan
cuc bo (LBP) dé trich rat cac dic trung két ciu va md men dé trich rat cac dic trung
hinh dang tir cac dic trung két ciu & cac murc da do phan giai. Mic du LBP duoc sir

dung dé trich rat cac dic trung cuc bd, nhung n6 cling tao ra mot véc to dac trung co
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anh hudng khi cac dac trung cuc bo dugc két hop véi cac dac trung toan cuc.

Trong [92], cac tac gia dd dé xuit mot hé thong CBIR bt bién ddi véi xoay
va thay d6i mau. Hé théng duoc dé xuat dya trén viée ghép cac dic trung mau va két
cAu dé tao thanh mét véc to dic trung chung. Dé trich rat cac dac trung mau, cac anh
dugc chuyén doi sang khong gian mau HSV va dugc lugng hoa thong qua biéu dd
mau. Dé bit bién voi sy thay doi anh sang, chi c6 cac kénh mau (Hue) va do bio hoa
(Saturation) dugc st dung. Mau nhi phan cuc b xoay dugc st dung dé trich rat cac
dic trung két cau bat bién xoay.

Céc tac gia trong [93] d4 dé xuat mot phuwong phap méi dé Iya chon cac diém
hat giéng cho k¥ thuat tra ctru anh dwa trén mau troi. Tuy nhién, phuong phéap duoc
dé xuat can dugc hop nhat véi cac phuong phap trich rat dac trung khac (hinh dang,
két cau va thong tin khong gian) dé giam khoang tréng ngit nghia, do cing mot thong
tin mau c6 thé duge gan cho cac anh trong cac 16p ngit nghia khac nhau. Dé giam
khodng tréng ngit nghia, cac tac gia trong [94] da d¢ xuat mot hé thong CBIR két hop
cac dac trung mau va canh dé tao thanh mot bo mé ta dic trung. Dé trich rit mau, cac
tac gia da su dung biéu d6 mau. Dé trich rat canh, biéu dd canh canny da duoc su
dung trong khong gian mau YCbCr. Dé thu duoc su ting cudng tot hon, wavelet roi
rac da dugc tinh toan, va dé déy nhanh qua trinh tinh toan wavelet roi rac, cac tac gia
d3 str dung Haar wavelet, ma nhanh hon vé mit tinh toan [95]. Lugc do dé xuét da st
dung ANN dé hiéu 16p ngir nghia ctia anh, ma can thém thoi gian cho muc dich huan
luyén va kiém tra. Hé thong da sir dung khoang cach Manhattan dé do d6 tuwong tu
clia n6 va cac két qua duoc bao cao vé do chinh xac trung binh da chiing minh tinh
hiéu qua. Tuy nhién, né ciing bi thiéu thong tin khong gian va khong cé thong tin vé
hiéu qua chi phi tinh toan.

Trong [96], Song va cong su da gidi thiéu mot phuong phap luan cho hé thong
CBIR trén co s két hop cac dic trung mire thap (két ciu va mau). Cac mé men mau
trong khong gian mau HSV duoc sir dung dé trich rit cac dac trung mau, va DWT va
Gabor wavelet duogc str dung dé trich rat cac dic diém két cdu. Dé nang cao hon nita,
bd md ta hudng mau va canh da dugc tinh toan va dua vao véc to dac trung, voi kich
thuge 1 x 250. Kich thudc véc to dic trung 16n hon cho két qua tra ciru chinh xac
hon nhung ton nhiéu thoi gian hon dé tim kiém va so sanh. Tuy nhién, luge d6 dugc

de xuat thiéu thong tin vé két cau va khong gian, nhu nhiéu nghién ctru khac.
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Céc tac gia trong [97] di gidi thiéu mot k¥ thuat CBIR méi ¢o loi thé tir viée
két hop mau sic, hinh dang va két ciu. Biéu dd canh Canny va bién d6i DWT trong
khong gian mau YCbCr dugc sir dung dé trich rat cac dic trung mau, trong khi GLCM
duogc st dung dé trich rat cac dic trung két ciu. Phuong phap canh canny trong khong
gian mau RGB dugc sir dung dé trich rat cac dic trung hinh dang. K¥ thuét duoc dé
xudt di ap dung thuat toan di truyén, do d6 nang cao chit luong giai phap. Tuy nhién,
n6 chiu mirc 46 quan trong ctia qué trinh va can 13p lai nhiéu lan, lam cham thoi gian
tinh toan.

Mot hé théng CBIR méi duoc trinh bay boi céc tac gia trong [98], dua trén
viéc trich rat cac dac trung két cu toan cuc va cuc bd trong ca mién tan sd va khong
gian ciing nhu cac dic trung mau trong mién khong gian. Pé giam hiéu ting nhiéu,
trudce tién anh dugc loc bang bd loc Gauss (Gaussian), sau d6 cac dic trung két cAu
toan cuc dugc trich rat trong mién khong gian. Biéu d6 mau duoc luong hoa trong
khong gian mau RGB duogc sir dung dé trich rat cac dic trung mau. bé nang cao hi¢u
nang tra ctru, cac dac trung két cau cuc bo duoc trich rat thong qua bo loc Gabor. H¢
théng duoc dé xuét cho thay cac gia tri c6 d chinh xac cao va duoc so sanh véi cac
phuong phap hién dai khac. Ngoai ra, no dugc bao céo 1a bt bién véi quay va it nhay
cam v&i nhiéu, nhung no cé thoi gian chay cao do sir dung cac dic trung khac nhau.

Trong [87], T. Jolliffe va cong su da trinh bay phuong phap cho CBIR trén co
so tich hop cac ddc trung phi tham s (két cau) va cac dic trung tham sd (mau sac va
hinh dang). Dé trich rut cic dic trung tham s, cic md men mau va cac bat bién mo
men da duogc st dung va bién doi xép hang duogc st dung dé trich rut cac dic trung
phi tham sd. Véc to ddc trung duoc xay dung c6 do dai 247, lam ting thoi gian chay
va duge coi 14 han ché chinh cua thuat toan nay.

Mot cach tiép can CBIR moi dugc trinh bay bang cach két hop cac dic trung
mau, hinh dang va két cau trong [99]. Entropy phan phdi mau duogc st dung dé trich
rit cac dic trung mau trong khi cac mé men mau (Hue Moments) duoc st dung dé
trich rat cac dic trung hinh dang. Dé trich rat cac dic trung két cu, ma tran xuat hién
mirc d6 mau da dugc su dung. béi véi cac do do tuong tu gilta anh truy van va anh
CSDL, cac tac gia da sir dung phép do d6 twong tu chuan hoa c6 trong s6 va cac trong
s6 duoc quyét dinh dya trén kinh nghi¢m cua ngudi dung. Mac du hé théng duoc dé

xuét thu duge d6 chinh xé4c cao, nhung hi¢u nang cua hé théng bi anh hudng khi anh
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truy van chira nhiéu ddi twong phtc tap. Piéu nay co thé 1a do viéc sir dung cac mé
men mau (Hue Moments) dé trich rat cac dic trung hinh dang déi khi khong c6 kha
nang nhan dang anh ma chira nhiéu doi tuong hon hoac coi cac canh khac nhau la
mot canh.

Mot hé thong CBIR trong mién cosin 1di rac (Discrete Cosine Domain) ciing
duoc Latif va cac cong su trong [100] dé xuit str dung. Cac md men mau, biéu dd
mau va biéu do canh di dugc trich rat truc tiép tir mién cosin rdi rac va thuat toan
di truyén duoc st dung dé gan do quan trong khac nhau cho cac dic trung duoc
trich rat nham cai thién kha nang tra ctru anh. Mac du viéc st dung thuat toan di
truyén co6 tac dong tich cuc lon dén d6 chinh xac cua hé théng, nhung no6 lai lam
tang thoi gian str dung.

Nhu vay, cac phuong phap trich rut dac trung dugc str dung trong [91] duoc
vu tién st dung khi yéu cau do chinh xac; tuy nhién, né c6 chi phi tinh toan cao do
tinh chit cta cac dic trung dugc trich rat. Mat khéc, khi chi phi tinh toan dong vai tro
chinh trong hiéu ning hé thng, thi cac phuong phép trong [99] c6 thé dugc xem Xét.

1.8.2. Nghién ciru trong nudc

Tai Viét Nam, di c6 nhiéu cong trinh nghién ctru, ludn an tién si lién quan dén
bai toan CBIR duoc cong bd, cu thé nhu:

Trong [166], Lu Minh Phtic va Tran Céng An di dé xuat phuong phap dé xay
dung mot hé théng tim kiém anh theo noi dung dua trén mo hinh hoc sau (mang no
ron tich chap CNNs) nham tan dung tdi da strc manh tinh toan cua may tinh trong vi¢c
tim kiém hinh anh theo ndi dung. Pong thoi, hé thong ciing tich hop ngit nghia vao
viéc tim kiém dya trén mot domain-ontology dé mo ta cac mdi quan hé gitra cac chu
dé anh can phan 16p. Phuong phép tim kiém nay khong nhitng khic phuc duoc cac
han ché ctia phuong phap tim kiém duwa trén metadata ma con cho phép mé rong va
da dang hoa két qua tim kiém thong qua viéc két hop ngir nghia vao viéc tim kiém.

Trong [167], Nguyén Thi Uyén Nhi va Van Thé Thanh da dé xuat k¥ thuat trich
xuat dic trung mau tréi MPEG-7, k¥ thuét phat hién bién vdi LoG, phép loc Sobel,
nang cao cuong do anh voi Gauss... Moi hinh anh trong tap dit liéu dugc trich xudt
thanh mdt vec-to dac trung, tao thanh CSDL dac trung, va luu trir trén cay phan cum
C-Tree cho bai toan tim kiém anh. Phuong phap di cho d6 chinh xac vuot troi so voi

céc phuong phéap khac trén cung tap anh, thoi gian tim kiém nhanh (bo COREL).
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Céc tac gia trong [168] da gioi thiéu mot ky thuat dya trén mang noron tich
chap dé trich chon dic trung anh, sau do tiép tuc thuc hién viéc sinh ma nhi phan
(binary hashing) dé bién cac dic trung ndy thanh mot vécto nhi phan c¢6 do dai nho,
vécto nay dugc goi la ma nhi phan (hash code). Sau khi ¢6 dugc ma nhi phan cho tirng
btrc anh, viéc tinh toan su twong dong gitta cac birc anh sé& tré nén don gian hon vi s6
chiéu thdp hon va chi phai 1am viéc vé6i cac toan tir nhi phan don gian, tir d6 cai thién
duoc tde d6 tim kiém. Két qua thuc nghi¢ém cho théy viéc sit dyng mang CNN vao bai
toan tim kiém anh theo noi dung cho két qua tim kiém véi d6 chinh x4c cao, tuy nhién
thoi gian truy van kha lau.

Trong nhimg nim gan ddy, di c6 nhiéu cong trinh nghién ctru lién quan dén
bai toan CBIR duoc cong b, dic biét 1a cac cong trinh nghién ctiru do nhém nghién
ctru ctia PGS.TS. Nguyén Hiru Quynh, PGS.TS. Ngb Quéc Tao, cing Nghién ctru
sinh va c4c cong su. Mot sd cong trinh tiéu biéu dugc cong bd trong cac luan an tién
sT d4 bao vé thanh cong trong thoi gian gan ddy nhu:

- Nam 2017, Vii Van Hiéu da bao vé€ thanh cong luan an tién si “Nghién ctru
mot s6 ki thuat phan hang trong tra ctru anh dua vao ndi dung” [101]. Cong trinh nay
d3 dé xuat dugc hai giai phap sir dung RF: (1) cai tién k¥ thuat hiéu chinh trong sb va
dich chuyén truy van dé thu hep “khoang trong ngir nghia” trong CBIR va (2) ning
cao chit luong CBIR thong qua cach tiép can tbi wu Pareto dé xay dung tip ing vién
c6 kich ¢& nhé va hd trg nang cao do chinh xac clia may phan 16p. Vi hai giai phap
trén, da gitp giam khoang trong ngit nghia, rut gon khong gian tim kiém, c6 thé xem
nhu so loc trén CSDL 16n va giam duoc s6 mau dir liéu, cai thién do chinh xac phan
16p, ap dung cho bat ky k¥ thuat hoc may ndo trong viéc phan 16p anh theo truy van.
Tuy nhién, d6 chinh xac cta tap két qua trong luan an con thap do cach tiép cén cua
luan 4n 1 xét dén mot ving duy nhat chira cac diém lién quan ma bo qua thuc té cac
anh dugc phan tan trong toan b khong gian dac trung. CSDL anh thyc nghiém 1a tap
OXFORD Building va tap con cua tap CALTECH 101. Diém luu y & day 1a mic du
luan an thu duoc cac mau hudn luyén qua co ché RF nhung céach tiép can cua ludn an
khong theo hudng hoc ma tran chiéu.

- Nam 2019, Dao Thi Thuy Quynh di bao vé thanh cong luan an tién si “Nang
cao dg chinh xac tra ctru dnh dya vao ndi dung st dung k¥ thuat diéu chinh trong )

ham khoang cach” [102]. COng trinh nay di dé xuat duoc hai phuong phap tra ctru
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anh lién quan ngir nghia, giai quyét duoc cac van dé nhu: (1) Danh sach két qua gom
cac anh thudc vé cac ving khac nhau trong khi chi sitr dung mot truy van; (2) cac cum
trong tap phan hoi khong can phai phan cum lai; (3) d6 quan trong ngit nghia ctia mdi
truy van duoc xac dinh; (4) trong s6 quan trong cia mdi dic trung dugc tinh toan; (5)
tan dung duoc thong tin dja phuong ctia mdi ving diém trong khong gian dic trung
dé xay dung ham khoang cach. Véi cac giai phap ndy, d6 chinh xac cia phuong phap
da duoc cai tién dang ké, tuy nhién van con gidi han do phuong phap khong xét dén
su khong dong nhét cta khong gian dic trung va khong giai quyét van dé truy cap
xap xi trén khong gian non-metric. CSDL anh thyc nghiém 1a tip COREL. Piém luu
¥ & day 1a mic du luan an thu thap cac mau hudn luyén qua co ché RF nhung cach
tiép can cta luan an 12 ma tran chiéu trén co so tan dung tinh dja phuong cua mdi
vung diém dic trung.

- Gan day nhét, nim 2022 NCS. Cu Viét Diing da thuc hién ludn an tién si
“Nghién ctru phat trién mot sd thuat toan tra ctru anh dya vao khai niém muc cao su
dung k¥ thuat hoc sau” [103]. Cong trinh nay di dé xuat dugc hai phuong phap: (1)
phuong phap hoc phép chiéu ti uu cho dir liéu da tap (xem xét cau tric cuc bd cia
cac mau duong va am thudc hai lan can khac nhau dé hoc mot phép chiéu ma dir liéu
c6 thé phan biét trén khong gian chiéu); (2) phuong phap hoc ban giam sat dya trén
d6 thi (tw dong b sung cac mau duong vao tip huan luyén dé giai quyét van dé mat
can béng tap huan luyén va tan dung cac khia canh khac nhau cta dbi tuong dé tao ra
mot bo phan 16p manh). Hai phuong phap nay di str dung k¥ thut giam chiéu voi
thong tin phan hoi tir ngudi dung, giup cai thién dang ké do chinh xac tra ctru ctia hé
thong tra cru anh khi s6 chiéu cta cac dic trung 1a rat 1on (16n hon sé lugng miu
huin luyén). Tuy nhién, mac du cach tiép can cua luan an 1a hoc ma tran chiéu vai
cic mau huan luyén duoc thu tur co ché RF nhung viéc tra ctu anh dugc thyuc hién
trén khong gian chiéu.

Nhin chung, cac cong trinh nghién ciru trong nude duge cong bd & trén da tap
trung nghién ctru vé bai toan CBIR vdi RF sir dung cac ki thuat hoc may, giup thu
hep “khoang trong ngit nghia” va cai thién ddng ké do chinh xac tra ctru ctia hé thong
tra ciru anh. Céac cong trinh nay d tiép can va khai thac hiéu qua cac k¥ thuat hoc may
cho CBIR va thyc nghiém trén cac tap dir liéu anh chuyén nghiép, phd bién nhu tap
OXFORD Building (5.062 anh), tap con cua tap CALTECH 101 (8.000 anh), tap
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COREL (10.800 anh), tap SIMPLIcity (1.000 anh). Tuy nhién, cac cong trinh nay chura
khai thac dugc thudc tinh thua dong ctia ma tran chiéu va hoc biéu dién anh theo tiép
can hoc sau. Pay vira 1a mot huéng nghién ciru thiét thuc, ¢o tinh kha thi cao ma nhom
nghién ctru do PGS.TS. Nguyén Hitu Quynh cung cic cong sy dang theo dudi va ciing
chinh 1 tién dé& dé Nghién ciru sinh hudng dén trong cac ndi dung nghién ctru tiép
theo ctia minh tai luan an nay.

1.9. T6 chirc thwe nghiém va danh gia hi¢u ning

1.9.1. Moi truwong thuc nghiém

Pé xac dinh hiéu qua cia cac mo hinh va phuong phap dé xuat, thyc nghiém
duoc xay dung trén nén tang dotNET, ngén ngit 1ap trinh C#, Python va Matlab. Cau
hinh may tinh sit dung dé thuc nghiém: Intel(R) Core(TM) i7-8550U CPU @
1.80GHz, DDRam - 16GB va hé diéu hanh Windows 11 Professional.

Thuc nghiém duoc mo ta dudi hai dang géom: d6 thi va bang biéu; trong do,
hiéu suit tra ciru vé do chinh xac va pham vi dwgc md ta bang db thi, cac bang biéu
mo ta chi s6 danh gia trung binh va so sanh giita cac phuong phap véi nhau.

1.9.2. Co so dir liéu anh thuwc nghiém

Trong luan an nay, cac tap anh chuyén nghiép, phé bién da duoc st dung dé
thuc hién cac thuc nghiém va danh gia hiéu nang cta hé thong CBIR [104], bao gém
tap dit liéu anh COREL! va CIFAR-1002.

1.9.2.1. Tdp dit liéu inh COREL

Tap anh COREL chtra 10.800 anh dugc phéan thanh 80 chu dé (khai niém ngit
nghia) khac nhau, bao gdm mua thu, cdy canh, ddm may, hang khong, 1au dai, hd,
cho, voi, tau thuy, tang bang trdi, thach nhii va thac nudc,.... Khoang 100 anh hoac
nhiéu hon cho mdi chu d¢, va kich thuéc caa mdi anh 12 80x120 hoic 120x80. Hinh
1.7 1a mot sb anh dai dién duoc thé hién trong tap dit liéu anh COREL.

MJi anh trong tap anh COREL duoc biéu thi bai mot véc to dic trung 190
chiéu, biéu dién cho céc dic trung muc thap. Trong s6 nay, ¢ 102 thanh phan l1a dac
trung mau va 88 thanh phan 1a dic trung két cau. Trong d6, dic trung mau duoc thé
hién bang 6 thanh phan khoanh khidc mau (color moment), 32 thanh phan lugc dd

mau (color histogram), va 64 thanh phan twong quan mau (color correlation).

! https://sites.google.com/site/dctresearch/Home/content-based-image-retrieval
2 https://www.cs.toronto.edu/~kriz/cifar.html
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1.9.2.2. Tp div ligu dnh CIFAR-100
Tap dir liéu anh CIFAR-100 la mot tap con cua bo dir liéu Tiny Images (80
triéu anh). N6 chira 60.000 anh mau, duoc chia thanh 100 Iép véi 600 anh cho moi
I6p nhu: may bay, 6 t6, chim, meo, huou, ché, éch, ngua, tau va xe tai,.... Kich c&

cuia mdi anh trong tap nay 1a 32x32 . Hinh 1.8 chi ra mét sb anh dai dién trong tap di

licu anh CIFAR-100.
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Hinh 1.8. Mot s6 anh dai dién trong tap dir liéu anh CIFAR-100
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1.9.3. Phwong phap danh gia hi¢u ning

Bai toan tra ciru anh thuong thuc hién trén mot CSDL anh va két qua 1a mot
danh séch cac anh tuong ty. S6 cac anh trong tap két qua thudc vé ciing chu dé voi
anh truy vin ma cang nhiéu thi d6 chinh xac cua hé thdng tra ciru anh cang cao. Cac
thude do thuong duoc sir dung trong CBIR gdm d6 chinh xéac P (Precision), do triéu
hoi R (Recall), @6 chinh xac trung binh AP (Average Precision) va do do téng hop
két qua cua nhiéu truy van mAP (Mean Average Precision) [105].

(1) Po chinh xac 1a ty 18 gitra s6 lwong anh c6 lién quan duoc tra ciru vai tong

s6 anh tra ciru duoc trong mot lan lap va duoc tinh toan theo cong thirc (1.23):

Precision = S (relevant) (1.23)

Sum (retrieval)

(2) Do triéu hoi 1a ty Ié cua cac anh co lién quan duoc tra ciu trong mot 1an
tra ctu trén sé luong tat ca anh lién quan trong CSDL anh, dugc tinh toan theo cong
thirc (1.24) nhu sau:

Sum (relevant_session)

Recall = (1.24)

Sum (relevant_in_database)

(3) Po chinh xac trung binh AP: dé cip dén vung phu phia duéi dudng cong
triéu hi chinh xéac (precision-recall curve). AP Ién hon ham y rang dudng cong triéu
hoi chinh x4c cao hon va d6 chinh xac tra ciu tot hon. AP duogc tinh theo cong thuc
(1.25) nhu sau:

YN P(R).rel(k)
R

AP (1.25)

& day R biéu thi s6 cac két qua lién quan cho anh truy van tir tong sé N anh. P(k) 1a
d6 chinh xac cia k anh duoc tra ciru, va rel(k) 1a mot ham chi sé ma c6 gié tri bang
1 néu anh thtr k trong danh séch phan hang 1a lién quan va bang 0 néu nguoc lai. Do
do tong hop két qua cua nhiéu truy vin mAP duoc chap nhan cho danh gia trén tat ca

c4c anh truy van. Cong thtc tinh mAP nhu sau:
1
mAP = - e AP(q) (1.26)

& day Q 1a sb cac anh truy van.
Trong luan an nay, AP va mAP duogc s dung cho thuc nghiém tai Chuong 2

va 3 dé danh gia hiéu qua cia cac phuong phap dugc dé xuat.
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1.10. Két luan Chwong 1

Vi su taing nhanh cia CSDL anh nhu hién nay, viéc nghién ctru cac phuong
phap CBIR hiéu qua la rat can thiét. Vi hé théng thong CBIR, hai doi hoi can thiét
1a tang d6 chinh xac tra ciru va ting tdc do tra ciru. Dé giai quyét duoc hai doi hoi
nay, hé théng CBIR phai tap trung vao hai giai doan quan trong nhit d6 1a trich rat
dac trung va tinh d¢ tuwong tu.

Trong chuong ndy, luan an dd hé thong lai nhitng kién thuc 1y thuyét co ban
va nghién ctru lién quan dén CBIR nhu kién tric tong quan; cac dic trung muc thap
gom mau sic, hinh dang, két cau va théng tin khdng gian; lra chon va trich rat dac
trung; cac ky thuat hoc may, hoc s&u cho tra ciru anh; cac do do tuwong tur cho tra ctru
anh; to chirc thuc nghiém va danh gia hiéu nang. Pac biét, Chuong nay da phan tich
nghién ctru lién quan dén cac giai doan trong CBIR dé thdy duoc uu diém va han ché
cua cac nghién ctru hién nay. Trén co s¢ cac phan tich nay, dinh hudng nghién ctu
cua luan an sé tap trung vao nghién ciru co ché RF, ki thuat hoc may, va hoc sau
nham giai quyét van dé giam khoang trong ngir nghia giita cac dic trung muc thap
va cé4c khai niém ngir nghia muc cao dé cai thién toc d6 va do chinh xac tra ctru anh.

Noi dung cu thé can nghién citu & cac chuong tiép theo bao gom:

(1) Cai thién chat lwong cua biéu dién dic trung duoc trich rat;

(2) Khai thac cac mau khéng c6 nhan;

(3) Giam chiéu cua biéu dién dic trung;

(4) Chuyén biéu dién dic trung sang dang hiéu qua;

(5) Chon d6 do tuwong tu hiéu qua.
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Chuwong 2. PHUONG PHAP TRA CUU ANH
VOI PHAN TiCH PHAN BIET THUA

Trong chuong nay, luan an trinh bay phuong phéap tra ciru anh méi co6 tén la
SDAIR, str dung thudc tinh thua dong ciia ma trin chiéu phan biét dé cai tién hiéu
nang tra ciru. SDAIR khac biét so v6i cac phuong phép tra ciru anh dua trén tiép can
phan 16p da c6, ma nd phan 16p trén khong gian chiéu nhung khong bi anh hudng béi
van dé c& 16p nho. Diéu nay di 1am cho SDAIR tré 1én phu hop hon d6i véi tra ciru
anh v6i RF, noi ma ¢ 16p thuong 1a rat nho (chi ¢6 hai 16p). Cac két qua thuc nghiém
trén tap dit liéu CIFAR-100 minh chting rang phuong phap dé xuét thu duoc do chinh
xé4c canh tranh so v6i mot sé phuong phap tra ciru anh tiéu biéu khéc.

2.1. Gi6i thi¢u

CBIR véi RF di thu hat sy quan tam cua cong déng nghién ciru trong may
thap ky qua [5], [104], [106]. Tuy nhién, do d6 twong tu giita hai anh bang khoang
cach Euclide trong khong gian cao chiéu thuong khong hiéu qua do sy khéc biét ngir
nghia giira cic dic trung truc quan muc thap va cac khai niém ngir nghia mic cao
cua anh (ton tai khoang trong ngir nghia). Mot cach tiép can dé giam khoang trong
ngit nghia gitra cac dic trung truc quan mac thap va cac khai niém ngir nghia mirc
cao cua anh 12 bao gom hoc may trong qua trinh tra ciru anh véi RF. Co ché nay cho
phép nguoi ding gan nhin duong cho cac anh ¢é cing cha dé (twong tu ngit nghia)
véi anh truy van (duoc goi la cac mau duong) va gan nhian am cho cac anh khac chu
dé vai anh truy van (khong tuong ty) (duoc goi 1a cac mau am) trong danh sach két
qua tra vé. Cac mau nay duoc sir dung lam tap huan luyén cho k§ thuat hoc may. Tuy
nhién, s6 luong mau thu duoc tir qua trinh RF thuong rat nho so vai chiéu cua khong
gian dic trung, 1am cho viéc huan luyén mé hinh hoc may tré nén rat khé khan (khé
thu dugc md hinh tt). Trong truong hop nay, cach giai quyét la giam chiéu dix lidu
anh thong qua hoc mot khdng gian chiéu thap hon [107], [108], noi ma cac k¥ thuat
hoc may c¢6 thé duoc &p dung dé hoc cac khéi niém ngit nghia muc cao.

Trong céc bai toan hoc phan I16p trén dit liéu nhiéu chiéu, giam chiéu duoc
xem & mot trong nhitng k¥ thuat hiéu qua nhat [109]. N6 dwoc dé xuit dé giai quyét
van dé thudc vé “Van dé cua chiéu - Curse of dimensionality” [110], ma diéu nay c6

nghia rang cac mo hinh hoc may khéng thé xu 1y dit liéu cao chiéu mét cach hiéu
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qua. Gan day, nhiéu mé hinh hoc phan 16p da dugc dé xuat nhu hoc da thé hién
(Multiple-instance learning) [89] va hoc khdng gian con (Subspace learning). Cac
phuong phéap hoc khéng gian chiéu néi tiéng nhat bao gém phan tich thanh phan chinh
(PCA - Principal Component Analysis] [111] va phan tich phan biét tuyén tinh (LDA
- Linear Discriminant Analysis) [112]. PCA hoc mét phép chiéu ma c6 thé bao toan
dugc thong tin cua dir liéu, trong khi d6, LDA tim mét khong gian chiéu phan biét téi
wu sao cho ti s6 phan tan giira cac 16p (Between-class scatter) va phan tan trong pham
vi 16p (Within-class scatter) la cuc dai.

Duéi goc nhin vé tai cau triic va bao toan thong tin, cach tiép can PCA duoc
sir dung rong rai nhu mot ¢éng cu tién xir Iy dit liéu cho phan tich dit liéu [113]. Céc
phuong phép theo tiép can PCA di thu dugc mot sé thanh cong trong trich rat dac
trung, tuy nhién cac véc to dac trung duoc trich rat tir cac phuong phap nay khong
€O thong tin phan biét do d6 chung khong phu hop cho nhiém vu phén lop [114].
LDA hoc mét phép chiéu phan biét dé cai tién do chinh xac caa phan I6p. Nhiéu
phuong phap cai tién cia LDA di duoc dé xuat dé nang cao do chinh xac caa phan
I6p. Tuy nhién, LDA va cac phuong phap mo rong cia LDA dé cap ¢ trén khong thé
thue hién lra chon dic trung cua dit liéu goc trong khi tinh phép chiéu. Cac tac gia
trong [41] da dé xuat mot phuong phép trich rat va lua chon cac dic trung phan biét
tir dit ligu goc. Phuong phap ctia ho sir dung rang budc thua dong chuan £, ; trén ma
tran chiéu két hop voi phan tich phan biét tuyén tinh.

Phuong phap tra ctru anh sir dung RF thdng qua k§ thuat hoc phan 16p chi gom
c6 hai 16p 1a dwong va am, do d6 n6 d6i dién véi mot s6 van dé nhu: (1) S6 luong cac
mau thu thap duoc “thudng qua nhoé so véi chiéu cua khong gian dic trung” [115],
(2) S6 lwong “cadc mau 4m thuong Ién hon rat nhiéu so véi sé luong cac mau duong”
[115], va (3) Sé cac Iop 1a qua nho, dan dén sb cac hudng chiéu phai nho boi vi s6
cac hudng chiéu co lién quan chat ché dén s céc 16p. Nhu vay, trong bai toan nay,
khong thé ap dung cac phuong phép giam chiéu va trich rit dac trung & trén vao qua
trinh chiéu dit liéu anh géc sang khong gian chiéu va phan 16p. Trong chuong nay,
luan an d& xuat mot phuong phap tra cru anh ¢6 giam sat méi, goi 1a Phan tich phan
biét thua cho tra citu anh SDAIR (Sparse Discriminant Analysis for Image Retrieval).
SDAIR giai quyét ba van dé gap phai bén trén bing cach tan dung thudc tinh thua

dong caia ma tran chiéu phan biét. Khac biét so vai cac phuong phap truyén thong vé
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tra cizu anh theo tiép can phan 16p da c6, ma n6 phan 16p trén khdng gian chiéu nhung
khong bi anh huong bai van dé ¢ 16p nho. Diéu nay da lam cho SDAIR tré 18n phu
hop hon dbi véi tra ciu anh voi RF, noi ma ¢ 16p thuong 1a rat nho.

SDAIR c6 nhitng dic diém tién tién sau: (1) Khac véi cac md hinh tra ciu anh
truyén théng, SDAIR c¢6 tinh linh hoat cao vi khong phu thudc vao mot do do twong
tu hodc mé hinh hoc cu thé nao (xem Hinh 2.1), n6 cé thé &p dung véi bat ky d6 do
tuong tu anh ndo, md hinh hoc lya chon dac trung nao, va mé hinh hoc phén I6p nao.
(2) N6 khdng bi anh huéng boi kich thude 16p nho, trong khi nd van cé kha ning loai
bo cac dac trung du thira va khong lién quan, cling nhu tan dung dugc thdng tin phén
biét. (3) SDAIR khdng yéu cau mét sé lugng 16n cac mau duong trong tap huan luyén,
boi vi n6 ¢6 kha niang ty dong bo sung thém mau dwong vao tap huan luyén bang
cach &p dung mé hinh hoc chiéu da hoc trudc d6. (4) SDAIR sir dung co ché hoc ma
tran chiéu hiéu qua, n6 khdng chi ting tinh phan 16p trén ma tran chiéu thu dugc, ma
n6 con dong thoi hd tro ddi voi hai nhiém vu quan trong d6 1a b sung mau huan
luyén duong va lya chon tap dac trung quan trong.

2.2. Nghién ctru lién quan

Phan nay, luan an s& gidi thiu mot s6 khai niém va mé ta mot sé phuong phap
lién quan nhu: phuong phap LDA, RSLDA la co s& cho nghién ctru caa luan an.

Duéi goc nhin vé tai cau tric va bao toan thong tin, cach tiép can PCA duoc
sir dung rong rai nhu mot cdng cu tién xi Iy dir lieu cho phan tich dir liéu [113]. Phép
chiéu locality preserving, phép chiéu sparsity preserving bao toan va phép nhing
neighborhood preserving [116] 1a cac phuong phép trich rit dic trung pho bién nhat,
ma chdng hoc cac chiéu tir cac cau trdc hinh hoc khac nhau cua dit liéu goc. Céc
phuong phap nay thu dugc mot s6 thanh cong trong trich rat dic trung, tuy nhién cac
véc to dac trung duoc trich rat tir cc phuong phap nay khong co thong tin phan biét
do d6 ching khong phu hgp cho nhiém vy phan 16p [114].

LDA hoc mét phép chiéu phan biét dé cai tién do chinh xac caa phan 16p.
Nhiéu phuong phap cai tién cia LDA da duoc dé xuat dé nang cao d6 chinh xéac cua
phan 16p. Mot s6 phuong phap cai tién bao gom Orthogonal LDA [117], Uncorrelated
LDA va phan tich phan biét tuyén tinh hai chiéu [118], ma ching giai quyét van dé
c& mau nho caa naive LDA. Ddi véi dit liéu phan phdi non-Gauss, LDA khéng xt ly

t6t, do d6 mot s phuong phéap cai tién cia LDA dugce dé xuat bao gom: Marginal
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Fisher analysis [119], Discriminative locality alignment [120], va Manifold partition
discriminant analysis [121]. Tuy nhién, LDA va cac phuong phap mo rong cua LDA
dé cap ¢ trén tinh cac ma tran phan tan bai chuan £, ma phong dai sai sé va nhay
cam véi phan tir ngoai lai. Li va cong su da dé& xuat mot phuong phap dé giai quyét
van dé nay thdng qua sir dung mét bat bién quay chuan £, dé tinh hai ma tran phan
tan [122]. Tuy nhién, phuong phap cua Li va cong sy 1a kho tim gia tri trong s6 ti
wru cho cac nhiém vu hoc khac nhau. Wang va cong su ciing dé xuat mot phuong phap
cai tién cua LDA, ma sir dung chuéan £, trong Fisher criterion function [123]. Tuy
nhién, phuong phap cua Wang va cong su can duoc giai lip dé tim véc to chiéu, do
d6 no 1a khong hi¢u qua.

Dit liéu anh trong bai toan tra cau anh véi RF thuong ¢6 nhiéu dic trung khéng
lién quan va dua thtra. Cac déc trung nay lam giam hiéu nang cua mo hinh phan lép
[47]. Cac phuong phap hoc khéng gian chiéu thuong st dung rang budc thua dé loai
bo cac dac trung khong lién quan va du thura va chi gitr lai cac dac trung quan trong.
Mot s6 phuong phap tiéu biéu vé rang budc thua bao gom: “Sparse discriminant
analysis” [124], “Sparse linear discriminant analysis” [114], va “Sparse uncorrelated
linear discriminant analysis” [125]. Cac phuong phap nay trich rat dac trung thong
qua hoc mot khdng gian chiéu phan biét thua. K§ thuat lva chon dic trung theo thudc
tinh thua dong thong qua chuan ¢, ; 1a higu qua. Li va cong su da dé xuit phuong
phap hoc khong gian chiéu, ma st dung chuan #, ; trong cac cong thirc cua ham mat
mat dé chon cac dic trung phan biét cho du doan nhén [126]. Trong phuong phap cta
Tao va cong su, ho 4p dat mot rang budc thua dong trén ma tran bién doi caa LDA
théng qua chuan £, ; [127]. Tuy nhién, cdc phuong phap ndy van con nhiéu han ché.
Véi cac phuong phap sir dung chuan £, ching khong thé biét dugc nhitng dic trung
nao la quan trong nhat cho nhiém vu phan 16p. Véi cac phuong phéap sir dung chuan
£, 1, chiing nhay cam véi viéc lya chon sb cac chiéu, diéu nay 1am giam nghiém trong
hiéu nang ctia bd phan 16p cho nhiing bai toan c6 s 1op nho. Bé giai quyét van dé
nay, Wen va cong su da dé xuat phuong phap trong [41] ma ap dat rang budc chuan
£, 1 18n ma tran chiéu ciia LDA. Phuong phép cta ho c6 thé dong thai thuc hién trich
rat va lya chon dic trung. Mot mé rong cia phuong phap nay duoc dé xuat bai
Dornaika va cong su, trong d6 ho cuc tiéu chiéu theo mdi 16p dé dam bao cung ciu

truc thua duoc bién d6i thuoc vé cung cac 1op [42]. Mic du phuong phép ciia Wen
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va cua Dornaika da dua thém vao mot rang budc ma tran truc giao, tuy nhién hai
phuong phap nay van khéng giai quyét duoc van dé giam hiéu ning cua bai toan c6
cd 16p quéa nho. Gan day, mot sé phuong phap trich rut dic trung dua vao hoc sau
cling dd duoc dé xuét [128]. Trong d6, phai ké dén phuong phap dai dién 1a DeepLDA
[128]. DeepLDA la mang no ron sau, ma dugc mo rong cua LDA. M6 hinh duoc hoc
s& tap trung nang lwong phan biét nhiéu nhat 1én C - 1 hudng (€ 1a 56 16p) va thu dugc
hiéu ning tt trén cac tap anh 16n. Tuy nhién, DeepLDA bi han ché d6 1a n6 can luong
I6n mau cho huan luyén va md hinh khéng c6 tinh giai thich (khéng c6 tinh giai thich
& day c6 nghia rang n6 khong giup tim dwoc ddc trung gbc nao la quan trong nhit).
DeepLDA ciing bi van dé c& 16p nho.
2.2.1. Gidi thi¢u chuin £, 4

Chiéu cua dir liéu anh trong céc wng dung thuc té thuong rat cao. Dit liéu chira
mot s6 luong 16n cac dic trung hodc 1a du thira hodc 1a khéng lién quan. Vi vay, néu
loai di cac dac trung nay s€ gilp giam thoi gian va tang d6 chinh xac cua cic nhiém
vu hoc va phan Iép. Do d6 lya chon dic trung 1a rt quan trong.

Cho Q € R%*¢ biéu thi ma tran chiéu, ma thao tac trén cac mau dit liéu gom d

chiéu. Phép chiéu caa mau x dugc cho béi QTx. £, 1 norm cta Q 1a nhu sau.
—_ \4a d —\a
1Qll2: = Xi=1 (X qizj = Yi=1llaill2 (2.0)

Bai toan (2.0) chinh Ia tong cua chuan £, cua tat ca cac dong caa ma tran Q.

O day, q; ladong thir i ciia ma tran Q, g;; 1a phan tir thir j cua dong q;.
2.2.2. Mt sé6 phwong phdp lién quan

2.2.2.1. Phwong phdp LDA (phan tich phén biét tuyén tinh)

LDA [44] 1a mét thuat toan trich rat ddc trung c6 giam sat ndi tiéng. N6 doi
hoi tap dit liéu huan luyén c6 nhan dé ude lugng khdng gian chiéu. Trong khong gian
chiéu nay, cac mau test ¢ thé dugc phan 16p mét cach dé dang. LDA tim mot ma
tran chiéu tuyén tinh sao cho cd thé tang khoang céch gitta cac mau thudc vé cac 16p
khac nhau va giam khoang céch gitra cac mau thudc vé cting mot 16p.

Cho C biéu thi sé céc 16p trong tap dit liéu va n; biéu thi sé cac mau trong 16p
th i. Goi p, p® lan luot 12 gié tri trung binh cua tat ca cac mau dit liéu (tong sé mau
dir liéu trong tap dir liéu duoc ky hiéu 14 N) va trung binh cta cac mau (x; la ky hiéu

cua mau dir liéu the j) thudc 16p tht i twong tng. Céc gia tri trung binh nay c6 thé
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duoc tinh nhu sau:

1 i @ A Ly O
=22, TP e @ =23 0 )

ni
LDA tinh ma tran phan tan gitra cac l6p S, va ma tran phan tan bén trong lop
S,, theo cac cdng thirc sau:

Sp ==X n(n® — (® — w7 (2.2)

=z
1 ; i . P .
Sw = 72T e —n O -7 (@3)

Trong trudng hop chi can mot truc chiéu, truc chiéu a co thé thu dugc thong

.....

qua giai tiéu chuan Fisher nhu sau: [33]

Tg

a a
a = argmax —2> (2.4)
a aTs,a

Mot dang khac caa bai toan (2.4) dugc cho boi [47] nhu sau:

a = argmina’ (S, —AS,)a (2.5)

aTa=1

Bang viéc giai (2.5), ta cd a la véc to riéng twong Gng Vai gia tri riéng nho nhat
cua S,, — AS,,. Trong bai toan (2.5), A 1a mét hang sé duong nho.

Trong truong hop nhiéu hon maot truc chiéu, ma tran chiéu A = [a,ay, ...,a,4] €
R™*4 58 gdom d véc to riéng twong &ng Vai gid tri riéng d nho nhat cua S, — AS,.
2.2.2.2. Phwong phdp RSLDA (phan tich phin bigt tuyén tinh thwa)

Ap dit rang budc chuan thua (nhu cac chuan Iy va [, ;) 18n ma tran chiéu c6
thé tao ra md hinh ma c6 thé lya chon dwogc dic trung. Khac biét véi chuan I, chuan
I, , €6 thudc tinh thua dong tét, ma c6 thé tao ra mot ma tran chiéu c6 kha niang giai
thich tét hon cac dic trung (dic trung gdc nao quan trong nhat). Lay can hing tir y
tudng nay, phuong phap RSLDA dugc dé xuat trong [41].

RSLDA [41] la mdt phuong phap trich rut dac trung dya vao LDA. NO cuc
tiéu chuan £, ; ciia ma tran chiéu tuyén tinh Q. RSLDA c6 thé khoi phuc dit ligu ban
dau tir dix liéu duoc chiéu chiéu thap.

Nham trich rat cac dic trung ma van bao toan dugc ning lwong chinh cua di
liu, RSLDA giai bai toan téi wu sau:

g{llgig Tr(Q"(Sw —ASp)Q) + A411Qll21 + A E]l, (2.6)

Thoamadn X =PQ"X+E, PTP=1
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O day Q € R¥™ |a ma tran chiéu phan biét véi m < d. S,, va S, 1a cac ma
tran phan tan trong I6p va gitta cac l6p twong ung. A, and A, 1a tham s6 duoc dung
dé xac dinh tinh chat quan trong cua cac s6 hang khac nhau. A 12 mot hang sb dugc
sir dung dé can bang hai matran S,, va S,,. X 1a ma tran dit liéu dau vao. X = PQTX +
E va PTP = | dam bao dit liéu géc c6 thé dugc khoi phuc tét [131]. P € R™*4 13
mot ma tran tai cau truc truc giao.

2.3. Phwong phap tra citu dnh dwoc dé xuat

Trong phan nay, luan &n s& trinh bay chi tiét md hinh tra ciu anh duoc dé xuét,
k¥ thuat lua chon tap dic trung quan trong, md hinh hoc phan 16p va thuat toan tong
thé dé giai quyét bai toan tra ciau anh véi RF.

2.3.1. M6 hinh cua phwong phap

|

Veéc to Tip két qud
dac trung cubi cung

: I

Trah Tip kétqua L.
@i_tj{y tra o Phan héi

r I

Y

Tap vec to
dac treng

3

Tép phan héi —n»

Mé hinh hoc
chiéu A

Tip dac trung

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

v 1
1

1

1

1

1

1

1

1

1

1

1

1

1

1

quan trong i
1
1
]

Hinh 2.1. M6 hinh CBIR dé xuit.

Phuong phap dwoc md ta tir huéng nhin caa ludng dit liéu tai Hinh 2.1 nhu
sau: Pé thu duoc tap két qua tra caru khoi tao, hé thong trich rut dic trung ciia anh
truy van va ddi sanh véc to dic trung cua anh truy van vai timg véc to dic trung cia
anh CSDL. Céc anh c6 khoang cach dén anh truy van gan nhat s& duoc dua lén trén

dau cua danh sach.
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Tir danh séch két qua tra ciru khoi tao & trén, nguoi ding danh déu céc anh cé
cuing chu dé (goi 1a anh lién quan) va céc anh khac cha dé (goi la khong lién quan)
vé6i anh truy van dé nhan duoc tap phan hoi, ciing 1a tap mau huan luyén cho mé hinh
hoc may. Thuat toan hoc chiéu sir dung tap mau huan luyén nay dé thu dugc mé hinh
hoc chiéu A va sap xép cac dic trung theo thr ty giam dan caa d6 quan trong dé thu
duoc tap dic trung quan trong. Tuy nhién, giai phap cho vin d& ¢& mau nho va sé
lwrong mau &m nhiéu hon sb lugng mau duong trong bai toan CBIR véi RF, d6 1a ty
d6ng bd sung mau duong vao tap huan luyén thdng qua ap dung chiéu A. Qua trinh
nay tao ra tap gia tang, két hop Véi tap dic trung quan trong trén ca hai tap phan hoi
va gia ting dé tao ra tap huan luyén cho hoc phan I6p. Dung tap huan luyén nay dé
thu duwoc m6 hinh hoc phan I6p C va phan hang cac anh sé duoc thuc hién theo mo
hinh nay dé duoc tap két qua tra ciru. Qua trinh nay s& duoc 1ap lai néu ngudi dung
chua théa man véi két qua tra ciru, nguoc lai thu duoc tap két qua cudi cung.

Sy khéc biét chinh giita md hinh ciia phuong phap dé xuat véi cac mo hinh
CBIR ma st dung RF di c6 nam & cac khdi trong hinh chir nhat nét dat. Hinh 2.1 goi
y rang, nhom cac khdi, ma nam trong hinh chit nhat nét dut, 1a doc 1ap véi cac thanh
phan con lai boi vi théng tin can chi 1a mot tap dic trung CSDL anh, mét tap cac RF
ctia ngudi dung. Diéu ndy ham y rang mé hinh dé xuat c6 thé nhing trong bat cir mot
hé thong tra ctiru anh véi RF nao bat ké cac dic trung anh va do do twong tu anh duoc
str dung 1a gi. O day ciing can luu y rang mé hinh dé xuét rat 1a mém déo, cu thé: Thi
nhat, mé hinh dé xuat cé thé ap dung bat ci phuong phap hoc nao dé lya chon dic
trung, tic 13, ¢d thé thay doi phuwong phéap hoc trong khéi “Hoc chiéu” cua Hinh 2.1.
Thiz hai, md hinh dé& xuét ciing cho phép thay doi phuong phap hoc phan I6p mot
cach phu hop, tirc 13, phuong phap hoc may phan Iép trong khéi “Hoc phan 16p” cta
Hinh 2.1 c6 thé duogc thay ddi tly theo tirng ngit canh.

Phan tiép theo cua luan an, s& tap trung vao gidi thiéu hai thanh phan chinh
cua md hinh, bao gdm mé hinh hoc chiéu dé lya chon tap dic trung quan trong va mo
hinh hoc phan 16p.

2.3.2. Lwa chon tip dic trung quan trong qua mé hinh hoc chiéu

Trong phan nay, dau tién rang budc chuan ¢, ; duoc md ta. Tiép theo 1 lya
chon tap dic trung quan trong qua mo hinh hoc chiéu. Phan nay mé ta mot sé khoi
chinh trén Hinh 2.1 bao gom: “Mo hinh hoc chiéu A”, “Hoc chiéu”, “Sap xép dac

trung” va “Tap dac trung quan trong”.
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Dir liéu anh thudng c6 sé chiéu 16n va bao gdm nhiéu dic trung khong lién
quan va du thura [129]. Vi vay, viéc loai bo nhiing dac trung nay khong chi gitp giam
thoi gian tinh todn ma con cai thién hiéu niang cta hé théng phan 16p. Diéu nay s&
gilp giam thoi gian va tang d6 chinh xéc tra ctru cua hé thdng, vi phan 16p 12 mot qua
trinh chinh cua hé théng tra cau anh.

Cho A = [a;,ay, ...,a4] € R™*? biéu thi ma tran chiéu. Chiéu miu x sang
khong gian chiéu thap chiéu duoc cho boi ATx.

Phuong phap lua chon dic trung cé thé dugc thuc hién bang cach sir dung cuc
tiéu chuan £, ; caa ma tran chiéu, nhu da dwoc trinh bay trong [130]. Trong phuong
phap nay, rang budc chuan £, ; dugc sir dung nhu mot cong cu d¢ lya chon dic trung
cho qua trinh phan I6p. Bat ct khi nao cac dong cia ma tran A 1a bang khong (hoic
chuan £, 1 rit nho), cac dic trung twong ung Véi cac dong nay 1a du thira va c6 thé
loai bo. Bé hiéu tai sao ma tran chiéu A c6 thé lya chon duogc dic trung quan trong,
luan &n phan tich cau triic cia ma tran A. Cho a;; la cac thanh phan cua ma tran bién
doi A. Néu dic trung x; 1a du thira, tat ca cac thanh phan ctia dong th j ctia A phai
bang khong, Vi, a;; = 0. Diéu nay dugc thuc hién thong qua cuc tiéu ||A|l,,;. Do do,
ép ma tran A c6 nhiéu dong khong chinh 1a lya chon dic trung.

Ap dit rang budc “f 2,1-norm” 1én ma trdn chiéu theo tiép can LDA 1a mét cach
tiép can hiéu qua dé trich rat dic trung [42], [41]. Phuong phap nay gitp lua chon va
trich rat cac dac trung phan biét nhét. Ma tran chiéu hoc duoc cho biét dic trung nao
1a quan trong nhat.

Léy dong luc dé khac phuc han ché cua LDA, va ké thira cac vu diém cua
phuong phap RSLDA, luan an dé xudt mot mé hinh hoc bang viéc bd sung mot s6
hang dé khép cac nhan 16p (cac miu co cung nhan trong khong gian chiéu s& gan
nhau hon trong khi cdc mau c6 nhin khic nhau s& cach xa nhau hon, tirc ting tinh
phan biét). M6 hinh dé xuét c6 thé tang tinh phan 16p clia ma tran chiéu thu dugc.

M hinh hoc duge dé xuit 1a dé hoc hai ma tran béng viéc cuc tiéu ham muc
tiéu 0 (2.7) dudi day.

minTr(A7(S, = 2)4) + ZillAlloa + LIEL +5 1Y - A% 27)

Thoamédn X =PATX +E, PTP=1

O day A € R™4 (d < m) la ma tran chiéu phan biét. S,, va S, 1a cac ma tran
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phan tan trong l6p va gitra cac 16p twong tng. E 1a ma tran sai s6. A 1a hang sé duoc
sir dung dé can bang hai ma tran phan tan. A, va 1, 1a cac tham sé thoa hiép duoc st
dung dé xac dinh d6 quan trong cua cac thuat ngir lién quan. X = PATX + E va
PTP = I dam bao dix liéu goc c6 thé duoc khoi phuc tt [131]. P € R™*% 1a mot ma
tran tai cau trac truc giao. X 1a ma tran di liéu ¢au vao voi ma tran nhan Y twong Gng.
Cuc tiéu s hang dau tién dé cung cap ma tran chiéu ma lién két véi LDA. Cuc tiéu
s6 hang thr hai dé thu duoc ma tran thua va hd tro viéc xac dinh mot tap cac dic
trung gdc quan trong [41]. Cuc tiéu s6 hang thir 3 1a biéu thi cac sai s6 va duoc st
dung d& mé hinh nhidu ngau nhién. ||. ||, 1a chuan £,. S6 hang thir tu duoc sir dung
dé khép véi cac nhan 16p, tic 1a ting cudng kha nang phan 16p caa ma tran chiéu A.
Il |l & chuan cia ma tran. Khi giai bai toan (2.7) dé tim s6 hang P, A, E, s6 hang
lIAll,, trong cong thiic nay s& ép [la;|l, ctia dong a; ciaa ma tran A bang 0 néu dong
d6 1a khong quan trong va dong a; nao quan trong sé ||a;||, 16n nhat.

Vi phan 16p dix lidu, cac 18 gitta cac 16p khac nhau dugc ky vong 1a 16n nhat
c6 thé sau khi dit liéu géc dugc chiéu sang khdng gian nhan cua ching (tic 13 Y trong

(2.7)), do @6 s6 hang % lY — AX||% trong (2.7) giup cuc dai 1& duoc gia ting, $6 hang
~ vimii 2 duge thém vao dé thu duoc h¢ s 1 khi dao ham.

Trong (2.7), Y = [y1, V2, ---Yn] € RE*™ la ma tran nhan nhi phan twong tng.
Y duoc xac dinh nhu sau: véi mdi mau huan luyénx; (i = 1,2, ..n), y; € R¢ l1a véc
to nhan cia nd. Néu x; 1a tir 16p thir ¢ (c=1, 2, ....C), thi chi muyc tha k cuay; 1a 1 va
tat ca cAc muc con lai 12 0.

Dé giai bai toan tbi wu (2.7), ta str dung Phuwong phéap Alternating direction of
multipliers [132].

Dé giai quyét van dé c& 16p rat nho duoc dé cap o trén, luan an dé& xuat mo
hinh hoc chiéu cho viéc lya chon tap dic trung quan trong. M6 hinh nay bao gém cac
budc nhu sau: trén tap phan hdi cia ngudi ding, ta s& hoc mot phép chiéu A theo céach
mo ta trong bai toan (2.4). Sau d6 tinh ||a; ||, (khoang cach Eucldie cua véc to a;), vai
a; la dong thir i cia ma tran A. Trong md hinh nay, do quan trong cua dic trung goc
the i chinh 1 gia tri cua ||a;||,. Sau do, tién hanh sip xép cac dic trung gdc theo thir
tu giam dan cua ||a; ||, twong Gng. Tap dic trung nhan duoc bao gom cac dic trung
gbc duogc sap xép theo thi ty giam dan cua d6 quan trong. Vi du & dudi minh hoa cho

viéc lua chon tap dac trung quan trong.
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Gia st ta ¢ ma tran dix liéu X va A nhu sau:

X11 X12 X13 X14 a1 A12
X = |X21 X22 X23 X24| va A = |Gz Ay (2.8)
X31 X32 X33 X34 sy Azp

Gia sir sau khi tinh, ta c6 ||asll, > llayll, > llagll, va muén lay k=2 dic trung

quan trong nhat. Két qua s& duoc nhu sau:

a3y A3y
a1 Ay

(2.9)

R X31 X32 X33 X34
] VA X, = [ ]

X1 X322 X23 X4

|

T6m tat thuat todn 2.1 cho lya chon tip dic trung quan trong véi cac budc cu

thé nhu sau:

Thuét todn 2.1: Chon tap dic trung quan trong

Input:

- X: ma tran mau huan luyén; Y : ma tran nhan.

- Ay, A,: cac tham sb;  k: sé dic trung quan trong.
Output:

- A (ma tran chiéu).

- X (Ma tran dac trung quan trong)

Step 1: Tinh S, theo cong thac (2.2); Tinh va S,, theo cong thac (2.3)

Step 2: Giai bai toan ti uu (2.7) theo [132] dé c6 ma tran chiéu A

Step 3: Tinh ||a;]l,,i = 1,2,...,m cia A

Step 4: Sap xép m dong cua X theo thir ty giam dan cua ||a;||,. Xay dung X, géom
k dong trén dinh cua X.

Step 5: Return A va X

2.3.3. M6 hinh hoc cho phan Ilop
Dé cai thién d6 chinh xéac cua hé théng tra cau anh, trong phan nay, luan an dé
xuat md hinh hoc phan 16p. O day can hiéu rang, noi dung nay ké thira giai phap xu
ly cua van dé& c& mau nho trong Thuit toan 2.1 va tap trung vao giai quyét pha phan
I6p cua bai toan tra ciu anh véi RF. Bén canh d6, mét luu y nira cling can duoc dé

cap ¢ day, d6 13, ndi dung phan nay bao ham céc khédi: “Hoc phan I6p”, “Ap dung



52

chiéu A”, “Tap gia tang” va “M6 hinh hoc phan I6p C” trong mé hinh trén Hinh 2.1.

Viéc giai quyét bai toan co c& 16p rat nho, luan an dé xuat mé hinh hoc phan
|6p nhung né duoc thuc hién trén khong gian dic trung gbe. Khi thuc hién phan 16p
trén khong gian dic trung gdc, gap phai van dé vé sé chiéu cua khong gian dic trung
cao, do d6 phai loai di cac dic trung du thira (xem Thuat toan 2.1). Tuy nhién van
con mot van dé chua dugc giai quyét do 1a tap mau huan luyén nhé va bi léch.

Dé giai quyét van dé tap mau huan luyén nho va bi 1éch, luan 4an dé xuét cach
giai quyét nhu sau. Ngay khi c6 dugc md hinh hoc chiéu A (dau ra cua Thuat toan
2.1), ta 4p dung md hinh chiéu A 18n tip cac véc to dic trung caa CSDL anh va véc
to ddc trung cta anh truy van dé thu dugc cac véc to phan biét, cu thé tinh Y = ATX.
Ciing can luu y ¢ day rang, ma tran chiéu A khong phai hoc lai, do d6 né khéng tiéu
tén thai gian cho viéc hoc lai. Trong khdng gian chiéu, ta nhan thay rang céc véc to
yi, Ma ¢6 Vi tri gin véi véc to anh truy van y'® hon, s& c6 kha ning cao 1a cing 16p
VGi anh truy van, tréi lai, nhimg véc to y;, ma co vi tri cach xa yl@, sé c6 kha nang
cao la khac I6p vai anh truy van. Tan dung thong tin ndy, trong dé xuat cua luan an,
C4C x;, Ma y; gan voi yl.(Q), duoc chon ty dong dé 1am miu duong. Sau mot s 1an
chon nhu thé nay, sé mau duong sé& ting 18én, do dé giai quyét dugc van dé tap mau

bi léch. Thuat toan phan 16p duoc tdm tat trong Thuat toan 2.2 nhu sau:

Thuat toan 2.2: Xay dwng md hinh phan lép

Input:
- Ma tran mau huén luyén X, ma tran nhan L
- Md hinh hoc chiéu A
- Ma tran dac trung quan trong X
- Tap véc to dac trung F
Output:
M® hinh hoc phéan Iép R

Step 1: Ap dung md hinh hoc chiéu A Ién tap véc to dic trung F.
Step 2: Xay dung ma tran gia ting X(©) bao géom e diém x; twong (g véi e diém

y; ma Ia 1an can cia y @

. Xay dyng ma tran nhan L) bao gém e nhan

duong cua x; € X©,
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Step 3: Gop ma tran X(®) vao ma tran X theo nguyén tic cot dau tién cua X(© xép
& bén phai cot cudi cuing cua X. Tuong tu trong viéc gop ma tran L) vao L.

Step 4: Huan luyén phwong phap hoc phan 16p trén X va L dé dugc mé hinh phan 16p R.
Step 5: Return mo hinh hoc phan I6p R.

2.3.4. Thudt todn tra ciru dnh dé xudt

Trong tra ctu anh véi RF, viéc chon tap con dic trung hop 1y dé biéu thi thuoc
tinh ngit nghia ctia cAc mau am va duong 1a rat quan trong trong viéc xay dung dbi
v6i mo hinh RF hiéu qua (bao gom ca phan 16p va phan hang). Trong noi dung nay,
ludn an dé& xuat mot thuat toan tra cru anh téng quat, cho phép lya chon mét tap con
dic trung hiru ich, ting cuong cac miu duong va khong bi anh huong bai van dé vé
c& 16p nho. Phan nay bao gom toan bo cac khoi va ludng dugc mo ta trén Hinh 2.1.

Trong buéc 2 (Step 2.2), Thuat toan tra ciru anh duoc dé xuat sir dung Thuat
toan 2.1 dé giam chiéu va thu duogc tap dic trung quan trong. Viéc nay gilp giai
quyét van dé dir liéu chiéu cao va van dé c& 16p nho (trong Thuat toan 2.2) cua bai
toan tra ciru anh véi RF, ma st dung phan 16p. Budc 3 (Step 2.3) sir dung Thuat todn
2.2 dé giai quyét van dé c& 16p nho, c& mau nho va bi léch. Thuat toan 2.3 duoc dé

XUAt nhu sau:

Thuat toan 2.3: SDAIR

Input:
F: tap dic trung ctia cac anh CSDL, q: véc to ddc trung anh truy van;
N: sb cac anh tai mdi vong lap.

Output:
S: tap két qua.

Step 1: Tra ctu anh véi q dé duoc tap két qua khoi tao va ldy N véc to anh & top
dé duoc tap két qua I
Step 2:
Repeat
Step 2.1: Nguoi dung phan hoi trén tap I dé c6 tap phan hoi RF
Step 2.2: Thuc hién Thuat toan 2.1 dé c6 ma tran dic trung quan trong X,
Step 2.3: Thuc hién Thuat toan 2.2 d& c6 md hinh hoc phan 16p C
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Step 2.4: Phan hang tap dic trung F theo md hinh hoc phan 16p C dé duoc
danh sach phén hang
Step 2.5: LAy N anh ¢ trén TOP cua danh sach phan hang trong Step 2.4
lam tap anh két qua S
Until (User stops responding)
Step 3: Return S.

2.4. Do phirc tap tinh toan

Trong Thuit toan 2.1, budc 2 (Step 2) ¢d chi phi tinh toan cao nhat. Trong
budéc nay, chi phi tinh toan la giai bai toan (2.7). Chi phi tinh toan dé tim duoc nghiém
cua bai toan (2.7) 1a O(Inter (m?n + m® + 2m?d + d?)), trong 46 m 12 s6 chiéu cua
khong gian géc, n 12 s6 mau huan luyén, d 1a s6 chiéu caa khong gian chiéu, va Inter
la s6 vong lap. Bai vi thuat todn tim nghiém cuaa bai toan (2.7) thuong hoi tu trong
khoang 10 vong lap do d6 c6 thé xem Inter 1a mot hang s6 va co thé bo qua [41]. Bai
toan tra ctru anh voi RF, s6 mau phan hdi n va sb chiéu d cua khéng gian chiéu
thuong rat nho, do dé ¢o thé coi 1a hang s6. Nhu vay, do phuc tap tinh toan cua Thuat
todn 2.1 la O(m?3).

Bai vi Thuat todn 2.2 str dung chiéu da duoc hoc ¢ Thuat toan 2.1 cho nén chi
phi thoi gian 16n nhat cia Thuat toan 2.2 1a chi phi thoi gian cho budc 4 (Step 4). PO
phtc tap tinh toan cia Step 4 1 chi phi thoi gian dé thyc hién mot thuat toan phan
|6p nao d6 trén tap huan luyén (X, L). Trong trudong hop ding thuat todn Linear SVM
[133], chi phi tinh toan cua Step 4 1a O((n + e)k). Boi vi, trong bai toan tra ctiru anh
véi RF, s6 mau phan hdi (n + e) thuong rat nho cho nén cé thé coi (n + e) 1a hing
s6. Do d6, d6 phuc tap tinh toan cia Thuat toan 2.2 1a O (k).

Chi phi thoi gian dé thuc hién Thuat toan 2.3 1a chi phi thoi gian thuc hién
budc 2 (Step 2). Trong Step 2, cac budc co chi phi tinh toan cao nhat 1a Step 2.2, Step
2.3 va Step 2.4. Chi phi tinh toan cua Step 2.2 la chi phi tinh toan cua Thuat toan 2.1,
tic 1a O(m?). Chi phi tinh toan cua Thuat toan 2.2 ciing chinh 1a chi phi tinh toan cua
Step 2.3, do d6 n6 1a O(k). Step 2.4 thuc hién phan hang [ véc to dac trung trong tap
dic trung F, vay chi phi thoi gian 1a O(1). Step 2 duoc lip lai ir lan, tuy nhién sé
vong lap trong quéa trinh phan hdi thuong nhé (thip hon 5 1an), do do6 cé thé coi la
hang sd. Nhu vay, do phtc tap tinh todn cia Thuat toan 2.3 12 O(m? + 1) véi m va

1 12 s6 chiéu cua dir liéu goc va s6 anh trong CSDL anh twong @ng.
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2.5. Két qua thuc nghiém

Trong phan nay, luan an trinh bay két qua danh gia thyc nghiém cua phuong
phap tra ciru anh duge dé xuat. Kich ban thyc nghiém thir nhét 13 so sanh phuong
phap dé xuat véi cac phuong phép tra cu anh dién hinh, nham chitng minh d6 chinh
x4c tong thé cua phuong phap dugc dé xuat cao hon dbi véi cac phuong phap con lai.
Thue nghiém thtr hai nham kiém tra hiéu qua cua viéc loai bo cac dic trung du thira
va khong lién quan, dong thoi giai quyét van dé ¢ 1op nho trén tap CIFAR-100. o
do mAP (trong 1.9.3) ciing duoc sir dung dé danh gia d6 chinh xac cua phuong phap
tra caru anh duoc dé xuat.

Phuong phap duoc dé& xuét trong thuc nghiém sir dung SVM cho khéi phan
16p, tong s6 truy van duoc thyc hién 1a 10.000 trén 100 chu dé, trong d6, mdi chi dé
s& duoc lay ra 100 anh. 100 anh trén cing duoc tra vé cho ngudi ding 1a anh quan
trong bai vi véi mdi khéi niém ngir nghia trong tap anh bao gédm 100 anh cho kiém
tra. CSDL anh dugc sir dung trong thuc nghiém nay la CIFAR-100. Luan an thuc
hién trén thu vién KERAS?®, Céc thuc nghiém duoc cai dit trén moéi truong Python 3
(cdu hinh nhu trong 1.9.1), Bo t6i wu (Optimizer) 1a Adam va ham mat mat (Loss
function) 1a sai s6 binh phuong trung binh (MSE - Mean Squared Error).

2.5.1. Tp dir liéu anh CIFAR-100

Tap dir liéu anh CIFAR-100 c6 60.000 anh mau (dwgc mé ta trong 1.9.2.2 va
Hinh 1.8). Trong thuc nghiém, 10.000 anh duoc lay lam tap cac anh truy van. Tap
anh truy van ndy duoc tao ra thdng qua viéc iy 100 anh tir mdi trong 100 cha dé.
50.000 anh con lai duoc sir dung 1am tap huan luyén.

2.5.2. Trich rut ddc trung
Céc dic trung trich rat tir tap CIFAR-100 duoc liét ké trong Bang 2.1 bao gom:
Bang 2.1. Cac dac trwng dwoc trich rat twr tip CIFAR-100

TT Tén dac trung S6 chiéu
1 Color histogram 512
2 | Color auto-correlogram 192

3 https://github.com/fchol let/keras
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3 | Color moments 189
4 | Gabor filters 64
5 | Gray-level Co-occurrence matrix 24
6 | HOG 324
Tong so chiéu 1.305

25.2.1. Lwoc dé mau (Color histogram)
Véc to c6 do dai 512 chiéu duogc thé hién nhu Hinh 2.2 & dudi.

Topic Example 27 28 h 475 476 482 483 484
tiger panthera_tigris_s 000227.png 0.000977 0.028320 0.0 0.000000 .. 0. 0.00000 0.000000 00 0.000000 0.000000
fox red_fox_s_000877.png 0.000000 0.000000 0.0 0.006836 .. 0.0 0.00000 0.000000 0.0 0.000000 0.000000
table table_s_ 000137.png 0.000000 0.000000 0.0 0.015625 .. 0.0 0003906 0.000977 00 0.044922 0.001953
couch sofa_s 000902.png 0.000000 0.000000 0.0 0.069336 .. 0.0 0003906 0.004883 00 0.051758 0.006836

beaver beaver_s 001511.png 0.000000 0.000000 0.0 0.031250 .. 0.0 0.00000 0.000000 0.0 0.000000 0.000000
pear pear_s_000775.png 0.000000 0.000000 0.0 0.000000 .. 0.0 0.000000 0.000000 0.0 0.000000 0.000000
plate plate_iron_s 001329.png 0.000000 0.000000 0.0 0.000000 .. 0.0 0.010742 0247070 00 0045898 0.126953
can oilcan_s_000747.png 0.000000 0.000977 0.0 0.000000 .. 0.0 0.005859 0.030273 0.0 0.029297 0.233398
tulip  tulipa_clusiana_s_000224.png 0.006836 0.000000 0.0 0.049805 .. 0.0 0.008789 0.003906 00 0017578 0.012695
skunk  striped_skunk_s_000002.png 0.006836 0.000000 0.0 0.106445 .. 0.0 0.018555 0.000000 00 0.000977 0.000000

Hinh 2.2. Mt s véc to diic trung theo Color histogram dwgc trich rit
2.5.2.2. Tw twong quan mau (Color auto-correlogram)
Véc to c6 d¢ dai 192 chiéu dugc thé hién nhu Hinh 2.3 & dudi.

Topic  Example 15 16 = 172 173 174 175 176
sp_ski 225018jpg 0222222 0.041667 0.000000 .. 0.274272 0.133900 0.239583 0.091146 0.047743
obj_car 273063.pg 0.395161 0.213710 0.030242 .. 0275093 0.132357 0.306569 0.154197 0.035280
texture_6 817001.jpg 0.117647 0.033088 0.012255 .. 0.121693 0.077934 0.000000 0.000000 0.002193
wl_eagle 135033.jpg 0.000000 0.010417 0.003472 .. 0.104167 0.000000 0.384615 0.185897 0.019231

texture 2 546027.jpg 0.346792 0.213081 0.104996 .. 0.396373 0.165587 0.068966 0.025862 0.007184
wl_fox 109060.pg 0.612342 0.503758 0.305314 .. 0.000000 0.000000 0.000000 0.000000 0.000000
obj_dish 433097,jpg 0.000000 0.000000 0.000000 .. 0.058333 0.000000 0.753058 0.652523 0.454829
sc_waves 312033,pg 0.200000 0.100000 0.004167 .. 0.000000 0.000000 0.815000 0.716875 0.360625
sc_sunset 345094.pg 0.421053 0.187500 0.005482 .. 0.000000 0.000000 0.000000 0.000000 0.000000

3 artdino 644085jpg 0.000000 0.000000 0.000000 .. 0.583096 0.392163 0.760000 0.639052 0.407141

Hinh 2.3. Mt s véc to diic trung theo Color auto-correlogram dwoc trich rat
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2.5.2.3. Color moments
Véc to c6 d6 dai 189 chiéu dugc thé hién nhu Hinh 2.4 & dudi.

Topic Example 0 1 = 184 185 186 187 188
bee honeybee s 001637.png 164.284180 133436523 118076172 .. 0481217 0197864 1745333 -0.665524 -0330053
couch couch_s 002287.png 119.235352 137.682617 117459961 .. 3325591 4449260 -16339507 -0.769892 -3.504269
lamp discharge_lamp_s_00119.png 160.379883 126215820 129.949219 .. 1637493 1560924 -66.770052 -1.380003 1340385
shrew  sorex_cinereus_s_000170.png  68.692383 133532227 112991211 .. 6935113 6590225 23109494  6.085053 -6.004742

lawn_mower  power_mower_s 000577.png 221184570 129259766 124196289 .. 10.179112 23402531 78053903 12250742 -27677006
man man_s.000630png 48947266 128000000 128000000 .. 0000000 0000000 4292934 -0.000000 -0.000000
beetle beetle_s 000380.png 153963867 135437500 120772461 .. 4650859 4311204 -41415078 3240352 -3763453
lizard gecko_s 002024png 106211914 134007812 122385742 .. 0806058 1189990 -21749318 -0864734  1.163121
poppy poppy.s.002182png 144912109 144556641 99530273 .. 0768755 13441251 14550486 0338042 -15498424
futle  seaturtles 001750png 110984375 91949219 156912109 .. 13973885 6556200 46072253 -12133046 5642789

Hinh 2.4. Mgt s véc to' dic trung theo Color moments dwoc trich rit
2.5.2.4. Gabor filters
Véc to ¢6 do dai 64 chiéu dugc thé hién nhu Hinh 2.5 & dudi.

Topic Example 0 1 2 59 60 61 62 63
whale fin_whale_s_000110.png 254.996745 254.737630 191.373698 .. 0.771955 0.000000 0.024490 0.678150 0.753221
orange citrus_aurantium_s_001086.png 253.075521 250.978516 149.939779 .. 1.606312 0.050779 0.218122 1.350261 1.551557
raccoon raccoon_s_002505.png 253.161133 251.646810 169.723958 .. 1256774 0335569 0469198 1.116146 1.274577
tiger  panthera_tigris_s_000866.png 250379232 248671224 172.719401 .. 1.049184 0.237501 0417478 0919868 1.086319
dinosaur ornithischian_s_000319.png 208.895182 203.352539 152.831055 .. 1749578 1.691393 1.761789 1222102 1.243386
keyboard clavier_s 000216.png 255.000000 255.000000 204.311849 .. 0.631697 0.000000 0.000000 0.557219 0.731992
baby infant_s_000007.png 252.278646 250.336589 184.190755 .. 1.183005 0.292943 0.380716 1.025588 1.168037
poppy poppy_s_000474png 254.760091 254.165690 155.232747 .. 1444014 0.018807 0.159171 1.140916 1.300357
skyscraper skyscraper_s_001222.png 254.922201 254601562 179.673503 .. 0.834386 0.000000 0.111863 0.344892 0.581368
pine_tree pine_s_000481.png 254.617513 253.076172 176.159505 .. 1.225294 0.150515 0.265089 1.197328 1.275761

Hinh 2.5. Mgt s véc to dic trung theo Gabor filters dwoc trich rat
2.5.2.5. Gray-level Co-occurrence matrix
Véc to c6 d6 dai 6 chiéu dugc thé hién nhu Hinh 2.6 & dudi.

Topic Example 0 1 2 19 20 21 22 23
willow_tree willow_tree_s_002028.png  8.195565 12.532778 9.566532 .. 0.001074 0.036646 0.032758 0.035882 0.032774
oak_tree quercus_garryana_s 000447.png 13.379032 24.954214 23316532 .. 0.000709 0.030750 0.028412 0.027367 0.026621
tractor dozer_s 000655.png 14.296371 21.942768 18.255040 .. 0.000810 0.034979 0.029201 0.028972 0.028469

bus bus_s_000008.png 15.996976 33.018730 25.591734 .. 0.000674 0.029682 0.025648 0.026306 0.025962
bicycle bike_s 000237.png 27.636089 30.949011 20.585685 .. 0.000572 0.023951 0.023877 0.024517 0.023922

raccoon raccoon_s_000786.png 13.142137 21.083247 15970766 .. 0.000661 0.026889 0.025658 0.026556 0.025700
beaver beaver_s 001485.png 15.856855 19.543184 12.928427 .. 0.000614 0.025212 0.024603 0.025181 0.024789
table table_s 000489.png 5535282 14.283039 12.177419 .. 0.001160 0.041734 0.034457 0.036936 0.034054
tiger panthera_tigris_s_000211.png 19.642137 27.328824 16.569556 .. 0.001580 0.049013 0.038628 0.055034 0.039754
lobster lobster_s_000040.png 22.992944 29.909469 23.826613 .. 0.032794 0.222737 0.179527 0.200776 0.181090

Hinh 2.6. Mgt s6 véc to dic trung theo Gray-level co-occurrence matrix dwoc
trich rat
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2.5.2.6. Histogram of oriented gradients (HOG)
Véc to c6 do dai 324 chiéu dugc thé hién nhu Hinh 2.7 & dudi.

Topic Example 0 1 £ o 319 320 321 322 323

clock clock_s_002382.png 0.239091 0.267066 0.267066 .. 0.159574 0.009587 0.047996 0.000000 0.176803

shark mako_shark_s 001357.png 0.195074 0.063072 0.019464 .. 0241373 0.157168 0.083766 0.248552 0.292937
sweet_pepper sweet_pepper_s_001779.png 0.267186 0.267186 0.267186 .. 0313111 0.108057 0.040891 0.018852 0.029822
cockroach oriental_cockroach_s_000825.png 0.172477 0.159558 0.272679 .. 0.043759 0.000000 0.000000 0.000000 0.042943

oak tree  swamp_white_oak_s_000516.png 0.264969 0.264969 0.264969 .. 0.283707 0.166598 0.068650 0.000000 0.042692
raccoon raccoon_s_000193.png 0.016856 0.000862 0.003128 .. 0215635 0.081737 0.030327 0.012831 0.002930
television television_s_002831.png 0.180942 0.087244 0.163470 .. 0.057222 0.108552 0.034812 0.002569 0.084065
girl female_child_s_000946.png 0.240817 0.118397 0.188784 .. 0.227512 0241976 0.128162 0.107824 0.241976

bowl bowl_s 001292.png 0.291734 0.044494 0.004554 .. 0264626 0.027485 0.011192 0.004649 0.018280
cattle cattle_s_001518.,png 0.015313 0.000000 0.063160 .. 0.203095 0.109021 0.178352 0.075533 0.072704

Hinh 2.7. Mt s6 véc to diic trung theo HOG dwoc trich rat
2.5.3. Thwc nghiém vé hiéu ning ciia phwong phdp dé xudt

Phan nay so sanh d6 chinh x4c ctiia phuong phap dé xuat véi hai phuong phap
khac 1a DLRPIR va RDA_FSIS [42] dé chi ra do chinh xac cua phuong phap duoc
dé xuat. DLRPIR 14 phwong phép tra ctru anh sir dung d do tuong tu va co ché phan
hdi twong tu nhu phuong phap dé xuat. Diéu khéac biét so voi phuong phap dé xuat
trong luan an 12 DLRPIR str dung phuong phap chiéu hang thap phan biét (DLRP -
Discriminative Low-Rank Projection) [107] dé chiéu dix liéu géc sang mot khong
gian chiéu, sau d6 thuc hién phan Iép trén khong gian chiéu nay dé phan hang cac
anh. Ly do ma luan &n sir dung phuong phap DLRPIR cho so sanh 1 bai vi n6 c6 thé
giam nhe van dé c& 16p nho. Phuong phap RDA_FSIS dugc sir dung cho so sanh 13
boi vi n6 khong nhitng 1a mot phuong phap tét, nd con hoc mot ma tran chiéu phan
biét thua dé trich rut dic trung nhu phuwong phap dé xuat trong luan an.

Trong qua trinh thuc hién thuc nghiém, luan an da thiét 1ap gia tri cua cac tham
s6 cho phuong phap nhu sau: Trong DLRP, luan an thiét Iap gia tri caa ca hai tham
s6 A va a déu dugc chon 12 10™* béi vi gia tri ndy nam trong khoang téi wu [107], va
luan an ciing chon sb chiéu cua khong gian con 1a 128 boi vi 128 nam trong khoang
gia tri t6i wu cia DLRP va cuing s chiéu téi wu v6i phuong phap dé xuét trong luan
an. Trong phuong phap dé xuat, gia tri cua cac tham s A, va A, dugc chon 13 0.001
boi vi day 1a gi4 tri téi wvu dugc khuyén dung [41]. S6 chiéu cia phuong phap
RDA_FSIS duoc chon 14 128 béi vi gia tri nay 1a xap xi s chiéu tdi wu. Trong phuong
phap d& xuat, sb chiéu dugc chon 1a 128 boi vi gia tri nay 1a sé chiéu ma nhiéu bai

bao khuyén dung do van dé téc do truy van [42].
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2.5.3.1. Kiém tra hiéu néiing toan by ciia phwong phdp dé xudt

Bat dau, hé thong tra vé tap két qua tra ctru khoi tao géom 100 anh. Trén tap
100 anh nay, ngudi ding sau d6 danh dau cac anh ciing chu dé hay khéac chu dé véi
anh truy van dé thu duoc tap phan hdi (bao géom ca mau duong va mau &m). Qua trinh
phén hang lai cac anh trong tap anh CSDL duogc thuc hién qua mot trong ba phuong
phéap la DLRPIR, RDA_FSIS va SDAIR. Sau khi ph&n hang c4c anh, ta thu dugc ba
tap két qua tra ciru cia ba phuong phap tuwong wng. Do chinh xac trung binh cua ba
phuong phép trong top 100 anh sau ba lan lap dau tién dugc thé hién trén Hinh 2.8.
Trong tra ctru anh véi RF, cac 1an lap dau tién 1a rat quan trong, vi vay luan an danh
gia d6 chinh xac cho ba lan lap dau tién. Ngoai ra, & day can hiéu rang, do chinh xac
TB duoc tinh trén tat ca cac truy van, mdi truy van twong ng voi mot anh trong tap
anh kiém tra CIFAR-100.

Céc két qua trén Hinh 2.8 cho thay ring, d6 chinh xac cia phwong phap
RDA_FSIS cao hon DLRPIR 12 bgi vi nd hoc dugc mot ma tran chiéu phan biét thua
theo ciu trdc cua tirng 16p va giam van dé c& 16p nho. Phuong phap dé xuit co do
chinh xac cao nhat trong ba phuong phap dugc so sanh, boi vi né da loai bo duoc cac
dic trung du thira va khong lién quan. Bén canh do, no ciing giai quyét hiéu qua van

dé ¢ 16p rat nho.

m SDAIR m RDA _FSIS mDLRPIR
29.15
27.61
25.26 .
24.51 BR
23.19
2163 2198
S
o
<
e
RF(1 loop) RF(2 loops) RF(3 loops)

Hinh 2.8. mAP cuia ba phwong phap trén top 100
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2.5.3.2. Thue nghiém vé hi¢u qud tra cieu dnh khi loai bé cdc dic trung dw
thiva va gidi quyét vin dé cé I6p nhé

Bai vi hiéu qua cua phuong phap dé xuat dua vao viéc loai di cac dic trung
dua thira va khong lién quan, do d6 luan an chi ra diéu nay bang thuc nghiém trén tap
CIFAR-100 & phan nay.

Véi mdi chu dé, ta huan luyén mot ma tran Q, tirc 1a: véi mot chu dé, ta lay
500 mau duong (béi Vi trong tap anh CIFAR-100, mdi chu dé ¢6 500 anh cho huan
luyén) va ldy 99 mau &m (bai vi ta lay mot anh cua mdi trong 99 cha dé con lai). Do
do, di vai tap anh CIFAR-100, s& c6 100 Q duoc huan luyén.

Luan &n thiét ké céc kich ban thuc nghiém nhu sau:

Kich ban (1): So sanh hiéu qua tra ciu anh ma khéng sir dung phan hoi (chi
st dung khoang cach Euclide) trén khéng gian gom 1,305 chiéu va trén khong gian
g6c nhung loai di cac chiéu du thira va khdng quan trong.

Kich ban (2): So sanh hiéu qua tra cru anh ma khong sir dung phan hoi (chi
sir dung khoang cach Euclide) trén khong gian géc (nhung loai di cac chiéu du thira
va khong quan trong) va trén khong gian chiéu.

Kich ban (3): So sanh hiéu qua tra cau anh ma st dung phan hoi trén céac
khéng gian bao gom: (1) khéng gian gdc ban dau (c6 1,305 chiéu); (2) khéng gian
goc (nhung loai di cac chiéu du thira va khdng quan trong); va (3) khdng gian chiéu.
Trong kich ban nay, SVM dugc st dung trong phuong phap tra ctru anh véi RF, sau
d6 sir dung mo hinh SVM nay dé phan hang céc anh va thu vé tap két qua tra ctu.

S6 chiéu ma luan &n thuc nghiém trong ca ba kich ban & trén bao gém: 30
chiéu géc (loai di 1,275 chiéu gbc), 20 chiéu géc (loai di 1,285 chiéu gbc), va 10
chiéu gbc (loai di 1,295 chiéu gbc). Luan an chon sé chiéu 1a 128 1a bai vi né 1a sb
chiéu duoc nhiéu bai bao khuyén nén dung va viéc tinh toan khoang cach gitra hai
véc to co s6 chiéu 16n hon 128 s& lam qua trinh tra ciru ton nhiéu thoi gian hon.

Khi thyc nghiém tra ctu anh véi RF trén khdng gian gdc, luan an ky hiéu la
OIRREF (trén khdng gian chiéu 1a PIRRF), trong truong hop khéng c6 RF trén khong
gian gdc, luan &n ky hiéu 12 OIR (trén khdng gian chiéu 1a PIR).

Khi 4p dung OIRRF trén khong gian dic trung gdc, ma gdm 1305 chiéu, luan
an goi la OIRRF 1305. Ciing OIRRF nhung ap dung trén tap dac trung quan trong
(két qua cua Thuat toan 2.1), ma gom i chiéu (véi i=128, 30, 20, va 10), luan an goi
la OIRRF_i (trén khong gian chiéu 1a PIRRF _i) véi gia tri i 1a s chiéu tuong tng.
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Céac Bang 2.2, 2.3 va 2.4 1a két qua tuong ung vai cac kich ban (1), (2), va (3).

Nhin vao Bang 2.2 cho thay rang, do chinh xéac khi lya chon 128 chiéu la cao
nhét trong sé céc chiéu gom 128, 30, 20, va 10. Ly do cua diéu nay 1 do, khi ta chon
sb chiéu qué it, thdng tin s& bi mat mat nhiéu va dan dén d6 chinh xac giam. bac biét
tir bang nay cho thay ring, d6 chinh xac tai s6 chiéu 128 cao hon sé chiéu 1350.
Nguyén nhan cua két qua nay 1a do trong s6 1350 chiéu ban dau c6 nhiéu chiéu 1a du
thira va khong lién quan, chiung 1am cho do chinh xac thip hon. Piéu nay la minh

chung dé khang dinh hiéu qua khi loai bo céc dic trung khong lién quan va du thira

ctia phuong phap dé xuét.
Bang 2.2. Két qua tra cieu anh theo kich ban (1)
Phwong phap OIR_i
S6 chiéu 1305 128 30 20 10
mMAP (%) 16,07 18,27 16,63 16,15 15,6

Quan sat Bang 2.3, cho thay rang do chinh xac caa phuong phap dé xuét trén
khong gian gc 1a cao hon do chinh xac trén khdng gian chiéu ¢ tat ca cac chiéu bao
gom 128, 30, 20, va 10. Ly do cua viéc nay la bai vi trén khdng gian gbc, c6 thé xac
dinh dugc dic trung nao 1a quan trong nhat dé gii lai trong khi trén khdng gian chiéu,
ta khong thé biét duoc dic trung ndo 1a dic trung quan trong dé gitr lai, dan dén giir

lai nhitng dic trung it quan trong nhung c6 thé loai di nhiing dic trung quan trong.

Bang 2.3. Két qua tra ciru anh theo kich ban (2)

Phwong phap OIR_i PIR_i
S6 chiéu 128 30 20 10 128 30 20 10

MAP (%) 18,27 | 16,63 | 16,15 | 15,6 | 17,21 | 15,68 | 15,3 | 15,05
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S6 liéu trén Bang 2.4 cho thay rang, ¢ cac chiéu 128, 30, 20, va 10, d6 chinh
X4c ciia phuong phap dé xuat trén khong gian gdc ludn cao hon trén khong gian chiéu.
Ly do cua diéu nay I1a ngoai viéc loai di duoc cac dic trung dua thira va khong lién
quan, nd con giam duoc sy anh hudng cia vain dé ¢& 16p nhé. Ciing trong bang nay,
cho thay ring, d6 chinh xac cia phwong phap dé xuét trén khéng gian goc véi sb
chiéu ban dau thap hon phuong phap dé xuat véi s6 chiéu 128. Nguyén nhan cho viéc
nay 1a do phuong phap mai dé xuat da loai bo dugc cac dic trung du thira va khong
lien quan c6 thé gy anh hudéng dén két qua tra ctu.

Bang 2.4. Két qua tra ciru anh theo kich ban (3)

Phuwong phap OIRRF_i PIRRF_i
S6 chiéu 1305 | 128 | 30 20 | 10 | 128 | 30 20 10
mMAP(%) 20,3 [25,26| 20,56 [19,16|18,63| 20,9 | 19,76 | 18,96 |18,63

Bang 2.5 & dudi chi ra thoi gian truy van cia phuong phép tra citu anh trén
khong gian gc va khéng gian chiéu. Tir bang nay, cho thiy rang thoi gian truy van
Vi s6 chiéu 1305 ban dau 12 1au nhat. Ly do caa viéc nay 1a bai vi nd cd sé chiéu 16n,
dan dén tinh toan khoang cach gitra hai véc to s& can nhiéu thoi gian. Ciing tir bang
nay, dé thay rang, néu cuing s chiéu (128, 30, 20, hoic 10) thi thoi gian truy van trén
khong gian gbc 1a nhanh hon trén khong gian chiéu. Ly do cua viéc nay 1a do khi truy
van trén khong gian chiéu, thuat toan phai tinh tich cia ma tran Q (ma tran chiéu) véi
ma tran dir liéu X (ma tran biéu dién anh) trong khi truy van trén khong gian gc, thi

khong can phai tinh tich nay.

Bang 2.5. Thai gian truy van anh theo sé chiéu trén khong gian goc va khong

gian chiéu
Phwong phap Thoi gian chay cia OIR _i Thoi gian chay ciaa PIR i
S chiéu 1305 | 128 | 30 | 20 10 | 128 | 30 | 20 | 10

Thaigian(s) [0.5531]0.35|0.20 | 0.19 | 0.18 [0.44 | 049 | 042 |0.34
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2.6. Két luan Chuong 2

Chuong nay, luin an da tién hanh phan tich han ché va cac wu diém cua mot
s6 phuong phap di c6 dé tir d6 dé xuat ra mot phwong phap tra ctru anh mai, ¢6 tén
1a SDAIR. Phuong phap nay ké thira cac wu diém cua phuong phap RSLDA, dé
xuat mot md hinh hoc bang viéc bo sung mot sé hang dé pha hop vai cac nhan Iop
va c6 thé tang thudc tinh phan 16p cia ma tran chiéu thu duoc. Phuong phap méi
duoc dé xuat trong luan an c6 kha niang cai thién do chinh xac tra ctru anh ngay ca
khi ¢ I6p cua tap huan luyén c6 thé Ia rat nho nhung van loai bo duoc cac dic trung
du thira. Phuong phap nay khac véi cac hé thong tra ciru anh hién c6, thuong duoc
lien két vai mot do do twong tu hoac md hinh hoc cu thé. N6 dwa ra mot mé hinh
linh hoat hon, va st dung co ché b6 sung mau duong vao tap huan luyén mot cach
ty dong, ma khdng yéu cau sé cac mau duong phai du I6n. Ngoai ra, phuong phap
nay c6 thé phuc vu dong thoi hai nhiém vy: bo sung mau huan luyén duong va lua
chon tap dic trung quan trong, va chi can duoc huan luyén mot 1an. Két qua thuc
nghiém trén tap CIFAR-100 cho thay phuong phap dé xuat cai thién hiéu suat cho
bai toan tra ciru anh voi RF, ngay ca khi c6 ¢c& mau nho, ¢& 16p nho, va di lidu ¢é
chiéu cao. Céc két qua dong gop ciia chuong nay da duoc Nghién ciru sinh cong bd
trong cac cong trinh [CT4, CT2].

Mot trong nhitng van dé ma tai chuong nay van chua giai quyét dugc do 1a
hiéu ning tra ctru bi giéi han do cac dic trung duoc thiét ké thu cong, khong thé
biéu dién cac dic tinh anh theo mot cach chinh xac, cung vai su thiéu hut déi véi
cac mau c¢6 nhan do sé mau phan hoi caa nguoi dung kha han ché (sé lugng mau cé
nhan nho). Trong chuong tiép theo, luan &n sé& trinh bay mot phuong phap hiéu qua
cho tra cau anh véi RF. Phuong phéap nay sit dung moé hinh mang no ron tich chap
autoencoder két hop ca hoc khong gidm sat va cé giam sat dé téi wu hoéa va giai

quyét cac van dé da dé cap o trén.
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Chwong 3. HQC CAC BIEU DIEN ANH
VOI MANG NO RON TiCH CHAP SAU AUTOENCODER
CHO TRA CUU ANH VOI PHAN HOI LIEN QUAN

Cac van dé thuong gap trong tra ctu anh voi RF truyén théng bao gom: (1)
kha ning biéu din han ché cua cac dic trung duoc thiét ké thu cong, va (2) chiéu cua
dit liéu anh 12 rit cao. Trong chuong nay, luin 4n dé xuat mot phuong phap dya trén
mang no ron tich chap sau autoencoder cho tra cau anh, c6 tén la AIR (Autoencoders
for Image Retrieval). Phuong phap dugc dé xuat cho phép tu dong hoc biéu dién anh
tryc tiép tir anh thd theo cach khong giam sat. Bén canh d6, Phuong phap tan dung
cach tiép can khong giam sat va c6 giam sat dé nang cao hiéu ning tra ctru. Cac két
qua thuc nghiém chi ra rang phuong phap dwoc dé xuat cho két qua tét hon mot sb
phuong phap da co trén tap anh CIFAR-100 gdém 60.000 anh.

3.1. Gi6i thi¢u

Hé thong CBIR c6 muc tiéu tim kiém cac anh gidng nhét véi anh truy van
thdng qua phan tich noi dung anh. Do dé cac biéu dién anh va do do twong ty tro
nén quan trong trong CBIR. Dé tao ra tra ciru manh d6i véi cac thay doi hinh hoc
va truc quan, su tuong tu gitta cac anh duoc tinh todn dua vao noi dung cua cac anh.
Noi dung cua cac anh duoc thé hién qua mau sac, két cau, hinh dang,... dwoc biéu
dién & dang caa mot bo mé ta dic trung [134]. Su twong tu giita cac véc to dic trung
cua cac anh tuong tng dugc xem nhu su twong tu gitra cac anh. Do d6, hiéu nang
cua bét cir phuwong phap CBIR nao ciing phu thudc chinh vao biéu didn mé ta dic
trung cta anh. Bat cir mot phuong phap biéu dién mo ta dic trung nao ciing déu
dugc ky vong la c6 kha nang phan biét, manh va chiéu thap. Nhiéu phuong phap
biéu didn mo ta dic trung da duoc nghién ciru dé tinh do twong tu gitta hai anh cho
CBIR. Biéu dién mé ta dic trung str dung cac dau hiéu truc quan cua cac anh duoc
lya chon thu cong dua trén nhu cau [14]. Céc céch tiép can nay ciing duoc goi la
mo ta dic trung dugc thiét ké thii cong. Hon nita, nhin chung, cac phwong phap nay
la hoc khong giam sat do ching khong can dir liéu dé thiét ké phuong phap biéu
dién dic trung. Pic trung dugc thiét ké thi céng cho tra cru anh 1a linh vuc nghién
ctru rat tich cyc. Tuy nhién, hiéu nang ctia nd bi gidi han do cac dic trung duoc thiét

ké thi cong khd c6 thé biéu dién cac dic tinh caa anh theo mét cach chinh xac [135].
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Tir thap ky qua, chung ta da thay sy dich chuyén cua biéu dién dic trung tir
thiét ké thu cong sang dua vao hoc, dic biét 1a sw xuat hién caa hoc sau [136]. Trong
su dich chuyén nay, hoc dira vao cAc mang no ron tich chip da thay thé cho biéu dién
dic trung thiét ké thu cong truyén thong. Hoc sau 1a mét ki thuat dé hoc cac dic trung
triru tuong tir dir liéu ma quan trong cho wng dung va tap di liéu [137]. Dya vao loai
cua dit liéu duoc xt ly, cac kién trac khac nhau di ra doi nhu mang no ron nhan tao,
perceptron da l6p [138]. Ca&c mang no ron tich chap (CNN- Convolutional Neural
Network) cho dit liéu anh [2], [68] va cac mang no ron hoi quy (RNN - Reurrent
Neural Network) cho dix liéu chudi thoi gian [139]. Su tién trién di duoc tao ra cho
tra cru anh str dung nang luc cua hoc sau [140]. Trong Chuong 2, luan an da trinh
bay phuong phap tra ciru anh dé xuat, phuong phap cai tién do chinh xac va toc do
tra cru anh trén cac dac trung tha cdng. Trong chuong nay, luan &n tap trung vao
khai thac nang luc cua hoc sau vao viéc dé xuat phuong phap dua trén mang no ron
tich chap sau autoencoder cho tra ciru anh.

Céc phat trién ctia hoc sau 1a theo céch c6 giam sat va s& khé khan khi ap dung
vao bai toan vai s6 lugng mau c6 nhan nho nhu bai toan tra ciru anh voi RF, trong d6
s6 mau phan hoi cua cia nguoi dung la kha han ché. Tir khia canh cua hoc sau khong
giam sat, Hinton va Krizhevsky [141] da dé xuat thuat toan autoencoder véi tng dung
cho tra ctiru anh, ma sau d6 dugc sir dung cho mot s6 nhiém vu khac nhu giong hang
khuén mit [142]. Huan luyén autoencoder khdng yéu cau c4c mau cd nhan.
Autoencoder c6 thé dugc xem nhu mot mang ma hoa thwa da tang. Mai ndt trong
mang autoencoder c6 thé dugc xem nhu mot nguyén mau cia anh ddi tugng. Tir tang
dué6i cing dén tang trén cing, nguyén mau chiaa thdng tin ngi nghia phong pha va
tré thanh mot biéu dién tét hon. Sau khi mang autoencoder duoc hoc, cac hé sb thu
duoc bai tai cau tric anh dya vao cac nguyén mau duoc sir dung nhu dic trung cho
tra ctru va doi sanh anh. Boi vi autoencoder c6 thé hoc dic trung mot cach thich nghi
dé huan luyén, né c6 thé nhan duoc hiéu ning tét cho tra ciu anh.

Tuy nhién, cac phuong phap tra ciru anh sir dung autoencoder & trén phai di
mit v6i van dé kha ning phan biét ciia cac dic trung kém hon boi vi cac mé hinh
thuong dugc huan luyén cho phan 16p trong khi tra citu anh can hoc cac dic trung
cho d6i sanh. Bén canh d6, cac phuong phap nay ciing bi mat mét thong tin do luong

héa dic trung [143]. Hon nira, CAC mang no ron sau thuong gap phai van dé
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vanishing/exploding gradients (bién mat/bing né dao ham) va qué trinh hoi tu
nhanh. Béi vi céc autoencoder c6 nhiéu 16p tich chap va giai chap (convolutional
and deconvolutional) nén bj mat mat théng tin va lam giam hiéu niang khi tai cau
trdc cac anh.

Pé giai quyét cac han ché dugc néu & trén, chuong nay cua luan an dé xuat
mot phuwong phap ban giam sat dua trén mang no ron tich chap autoencoder cho tra
ctru anh c6 tén 1a AIR. Phuong phap AIR khic phuc duoc hai van dé: (1) kha ning
phan biét cac dic trung kém cua cac phuong phéap trude do duoc tich hop co ché
RF va phan hang qua may véc to hd tro SVM va (2) giam nhe vin dé
vanishing/exploding gradients va qué trinh hoi tu nhanh théng qua viéc st dung cac
két ndi tat (shortcut connections) trong kién tric autoencoder va dan dén cé thé sir
dung cac autoencoder sau.

3.2. Nghién ciru lién quan

Théng qua hoc cé gidm sat, dit liéu mau dugc chuyén tir dau vao dén tang
trén cing cho dy doan. Bang viéc cuc tiéu gia tri cua ham chi phi giira gia tri muc
tiéu va gia tri du doan, thuat todn lan truyén nguoc duoc st dung dé tbi wu cac tham
s6 két ndi gitta mdi cap tang. Cu thé, CNN [2] 1a mét bién doi dya vao mang no ron,
ma dugc str dung dé biéu dién cac dic trung qua hoc c6 giam sat. CNN thuong dugc
thuc hién trong phan tich anh, nhan dang tiéng néi [144] va phan tich van ban,....
Dac biét trong phan tich anh, CNN d4 thu dwoc thanh cong rat Ién nhu nhan dang
khudn mat [145], phan tich canh [146], phan doan 6 [147], va phan doan ton thuong
ndo [148].

Trong cac céch tiép can hoc khdng giam sat, dir liéu khong c6 nhan duoc sir
dung dé hoc cac dic trung, trong khi mot lwgng nho dit liéu ¢ nhin dwoc st dung dé
diéu chinh cac tham sd, nhu may boltzmann giGi han (RBM - Restricted Boltzmann
Machine) [149], mang niém tin sdu (DBN - Deep Belief Network) [150],
autoencoders va cac autoencoder duoc xép chong [151]. Kumar va cong su da dé xuat
mét céch tiép can autoencoder cho hoc dic trung khong giam sat [152]. Kalleberg va
cong su dé xuat mot cach tiép can autoencoder tich chap dé phan tich anh [153]. Li
va cong su da thiét ké mot cach tiép can dwa vao RBM cho phan 16p [154].

Céc autoencoder duoc phat trién dé hoc cac dic trung hiéu qua cho biéu dién

noi dung anh [155]. N6 khai thac mot mang no ron dé hoc céc biéu dién cua mot mau
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dugc cho dé cyc tiéu sai s6 tai cu tric. Hoc dic trung véi cac thuat toan hoc khong
gidm sat nham tai ciu trdc cac mau dau vao dua trén cac luat dugc xac dinh trudc.
Autoencoder [156] c6 thé hoc cac dic trung dai dién dé tai cau tric cac mau dau vao
Vvé6i sai sb tai tric cuc tiéu. Cac autoencoder dugc tan dung dé két hop am thanh
(audio) va 1i (lyrics) cho phan 16p tm trang &m nhac [157]. Céc autoencoder va bién
thé cua no ciing da duogc &p dung vao hoc biéu dién da phuong thirc [158]. Céc tac
gia trong [155] da dé xuat mot mang autoencoder dé hoc biéu dién an gitra noi dung
van ban va tryc quan, cuc tiéu sai s hoc twong quan gitta cac biéu dién an cua hai
phuong thirc. C4c tac gia trong [159] da tan dung autoencoder khir nhidu dé hoc céc
dic trung dai dién theo cach khong gidam sat va da ap dung vao huan luyén cac mo
hinh phat hién noi troi tir dit liéu anh tho. Tuy nhién, cac phuong phap nay phai doi
mit v&i van dé kha ning phan biét cia cac dic trung kém hon boi vi cac mé hinh
thuong duoc huan luyén cho phan I6p trong khi tra ctru anh can hoc cac dic trung
cho di sanh. Bén canh do, cac phuong phép nay ciing bi mat mét thong tin do lwong
hoa dic trung [143]. Ngoai ra, cdc phuong phap nay khong tan dung duoc Kién tric
SAu cua CAC mang no ron va qua trinh huan luyén cua chiing hoi tu cham.
3.3. Phwong phap dé xuit

Phuong phéap dé xuat gom ba thanh phan. Thanh phan thir nhat 1a huan luyén
khong giam sat mang no ron autoencoder sau trén mot tap con cua tap anh. Thanh
phan thtr hai 12 4p dung mé hinh hoc tir thanh phan thi nhat encoder dé trich rat cac
dic trung thap chiéu tir tip anh CSDL (& ddy ca thanh phan thir nhat va thanh phan
thir hai déu duoc thyc hién ngoai tuyén (offline)). Thanh phan thi ba 1 tra ctu céc
anh tuwong tu vai anh truy van dya vao RF (Hinh 3.1 chi ra mé hinh cua phuong phép
dugc dé xuat). Md hinh mang no ron tich chap sau autoencoder dugc huan luyén trén
mot tap con cua tap anh CSDL. Trong truong hop nay, luan &n sir dung tap anh
CIFAR-100.

3.3.1. Hoc cdc biéu dién anh véi mang no ron tich chip sdu autoencoder

Phan nay md ta cu tric mang no ron tich chap sau autoencoder va huan luyén
c4c tham s.

Céch tiép can c6 giam sat 1a san c6 cho hoc dic trung hudéng dir liéu, trong d6
cac trong s6 két ndi duoc cap nhat théng qua thuat toan lan truyén nguoc. So vai cach

tiép can hoc c6 giam sat, cach tiép can hoc khdng giam sat c6 thé nhan truc tiép di
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liéu ¢au vao khdng cé nhan, 1am giam nhan lyc cho viéc gan nhan. Autoencoder trich
rat dix liéu dau ra dé tai cau tric dit liéu dau vao, né so sanh dit liéu dau vao véi dit
liu dau vao gbc. Sau mot sb 1an 13p, gia tri cua ham chi phi dat dén mic téi vu, ma

c6 nghia 1a dir liéu dau vao tai ciu trlic c6 thé xap xi dir liéu dau vao géc.

Thanh phan 1: Huén luyén khoéng giam sat

Thanh phan 2: Trich rat dic trung

Yofr--Jn)
Input.....' » (fl}:f.l.---fn}
- (forfr---f)

Thanhphin3: 1
Tra cieu véi Phan hoi lién quan

(9o, G4 ---qn)
a e, Tép ket qua o
ol - S
Tap phin |
ho1
Mé hinh phan
16p SVM

Hinh 3.1. M hinh ciia phwong phap tra citu dnh dé xuat

3.3.1.1. Mang no ron tich chdp autoencoder

Mang no ron tich chap autoencoder két hop tich chap két néi cuc bo voi
Standard autoencoder, ma 14 mot toan tir don gian dé bo sung dau vao tai cau tric cho
toan tir tich chap. Tha tuc chuyén doi tich chap tir dau vao ban do dic trung sang dau
ra dugc goi 1a bo giai ma tich chap. Sau dé, cac gia tri dau ra dwoc tai ciu tric thong

qua toan tir tich chap nguoc, ma duoc goi la bd ma hoa tich chap. Hon ntra, thdng qua
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huan luyén tham lam khong giam sat autoencoder, céc tham sé cua toan tir ma hoa va
giai ma co thé duoc tinh toan. Trong toan tir cua tich chap autoencoder, f(.) biéu
dién toan tar ma hda tich chap va f'(.) biéu dién toan tir giai ma tich chap. Céc ban
d6 dic trung dau vao p € R™™! ma thu duoc tir 16p dau vao hoic 16p trude do. N6
chtra n ban do dic trung, va c& cua mdi dic trung 13 [ X [ pixel. Toan tir tich chap
autoencoder bao gdm m nhan tich chap, va lép dau ra xuit ra m ban do dic trung.
Khi cac ban d6 dic trung dau vao dugc sinh ra tir I6p dau vao, n biéu dién sé céc ban
d6 dic trung dau ra tir 16p trude. C& caa nhan tich chap lad x d véi d < L.

Cho 6 = {W,W, b, b} biéu dién cac tham sé cua Ip tich chap autoencoder,
ma can duoc hoc. Trong d6, W = {wj,j =12,..,m}vab €R™ biéu dién cac tham
so cua bo ma hoa tich chap, & day w; € R™! dugc xé4c dinh nhu mét véc to w; €
R™*. Bén canh d6, W = {W;,j = 1,2,...,m} va b biéu dién cac tham s6 cua b¢ gidi
mé tich chap, & day b € R™", w; € R1xni*|

Dau tién, anh dau vao duoc ma hda ma madi thoi diém mot mang va d x d
pixel p;, i = 1,2, ... k, dugc lya chon ra tir anh dau vao, va sau do trong s6 w; ciia nhan
chap j duoc st dung cho tinh toan tich chap. Cudi cung gié tri no ron a;,j =

1,2, ..., m duoc tinh toén tir 16p dau ra.
a;; = f(p;) = o(w;.p; + b) (3.1)

Trong phuong trinh (3.1), o la mot ham kich hoat phi tuyén, trong phan nay
luan an stir dung ham REIlu (Rectified Linear Function).

pnéup =0

Onéup <0 (3.2)

RElu(p) = {

Sau do, dau ra o;; tr bo gidi mé tich chap duoc méa hda ma p; dugc tai cau tric

qua a;; dé tao ra p;.
D = f,(aij) = Q(w;.aq;5 + b) (3.3)

p; duoc tao ra sau moéi ma hoa va giai ma tich chap. Ta nhan duoc mang va P ma thu
duoc tir todn tir tai cau tric. Str dung sai s6 binh phwong trung binh giita mang va goc
ctia anh dau vao p;, i = 1,2, ... k va mang vé tai cau tric cua anh p;, i = 1,2,.., k nhu
ham chi phi. Ngoai ra, ham chi phi duoc md ta trong phuong trinh (3.4), va sai s6 tai

cau tric dugc thé hién trong phuong trinh (3.5).
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L(6) = L iy E(i D) (34)
Epo ) = lIpi — pill? = llp; — 9(@@)II? (3.5)

3.3.1.2. Lop pooling
Gidng nhu trong CNN, 16p tich chap duoc két ndi véi 16p pooling [2]. Trong
kién trGic mang no ron tich chap, 16p gop cuc dai (max pooling) duoc dat sau 1op tich
chap autoencoder, cu thé:
a; = max (p;) (3.6)

Ban d6 dac trung dau vao duoc chia thanh n ving khong giao nhau theo c&
cua vung gop. Trong phuong trinh (3.6), p]i- biéu dién ving thi i cua ban d6 dic trung
tha j, va a} biéu dién no ron thi i cua ban do dic trung thi j. S6 cac ban d6 dic trung
dau vao bang véi s6 cac ban d6 dic trung dau ra trong I6p gop. Céc no ron trong ban
d6 dic trung c6 thé duoc giam sau khi thuc hién toan tir gop, do d6 do phuc tap tinh
toan cling giam theo. Trong phan thuc nghiém, luan an s& danh gia thuc nghiém trén
kién triic autoencoder bao gém ca thiét 1ap c6 16p gop va khong co 16p gop.

3.3.1.3. Kién triic mang tich chdp autoencoder

Cac mang no ron sau thuong gap phai van dé vanishing/exploding gradients
va qua trinh hoi tu nhanh. Bai vi cac autoencoder c6 nhiéu I6p tich chap va giai chap
nén bi mat mat théng tin va lam giam hiéu ning khi tai cau trdc cac anh. Lay cam
hirng tir mang phan du bao gdm céc két néi tat [68], ching ta bd sung cac két ndi tat
Va0 mang autoencoder nhu trén Hinh 3.2. Cac két néi nay gilp gui truc tiép cac ban
d6 dic trung tir 10p dau tién caa encoder dén mot s6 16p sau. Ly do cua viéc sir dung
két ndi tt 1a bai vi: the nhat, khi mang qua sau, cac chi tiét anh c6 thé bi mat mat,
trong khi cac ban d6 dic trung duoc chuyén qua cac két ndi tat mang nhiéu chi tiét
anh. Thtr hai, cac két ndi tit gidp qua trinh huan luyén cac mang no ron siu nhanh
hoi ty hon [68]. Ngoai ra, sir dung két ndi tat thu duoc loi ich vé trich rat dic trung
cho tra ctru anh thong qua viéc tang do sau cua mang.
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Hinh 3.2. Kién tric mang autoencoder dé xuat cho trich rut diic trung

3.3.1.4. Hudn luyén cdc tham sé

Thoéng qua thuat toan giam gradient (SGD - Stochastic Gradient Descent), cac
sai s dat duoc cuc tiéu, 16p tich chap autoencoder dugc tdi wu. Cudi cling, cac tham
s6 da huan luyén duoc sir dung dé xuat ra cac ban d6 dic trung ma dugc chuyén cho
16p tiép theo.

Phan nay, luan an str dung 50.000 mau khong ¢6 nhan dé huan luyén mang no
ron tich chap autoencoder thong qua hoc khéng gidm sat ¢ 16p tich chap, gradient
dugc tinh toan théng qua ham chi phi trong (3.4), va cac tham sé duoc t6i wu thong
qua SGD. M&i mét 16 tdi thiéu (mini batch) gdm 150 mau, va sb cac vong lip cho
mdi 16 1a 75. Sé cac kénh duoc thiét lap trong phuong trinh (3.2) cho bd méa hda tich
chap va phuong trinh (3.3) cho b giai ma tich chap twong ung.

3.3.2. Tra civu anh véi phén héi lién quan dwa vao mdy véc to hé tro

3.3.2.1. Mdy véc to hé tro (SVM)

Trong phan nay, luan an chon may véc to hd tro SVM [160] cho viéc phan 16p
va phan hang cac anh. Ly do caa viéc chon SVM 1 bai vi: Thiz nhat, n6 13 mot bo
phén I6p manh, dac biét cho phéan I6p nhi phan, ma bai todn tra cru anh vai RF 14 bai
toan c6 hai 16p. Tha hai, thong qua siéu phang tbi vu tim duoc, ¢6 thé st dung khoang
cach tir mdi mau dén siéu phang téi wu 1am gié tri dé phan hang céc anh.

Khoang cach tir mot diém téi mot siéu mat phang. Trong khong gian nhiéu
chiéu: Khoang céch tir mot diém toi siéu mat phang (hyperplane) c6 phuong trinh

wlx+ b = 0 duoc xac dinh bai:
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|wa+b|

lwllz

(3.7)

Gia sir ¢6 tap mau huan luyén nhu sau: {(x;, v,)}¥, vay; € {+1,—1}.
O day x; 12 mot véce to n chiéu va y; 12 nhan cua 16p ma véc to thudc vé.
SVM Ia mét phuong phap hoc phan I6p nhi phan rat hiéu qua. SVM téach hai 16p boi
mét siéu phang.
wix+b =0 (3.8)
Trong phuong trinh (3.8), x 1a mot véc to dau vao, w 1a mot véc to trong so, va b

2

llwll

1a o léch. SVM tim cac tham s6 w va b cho siéu phang ti wu dé cuc dai &
thoa man:
yi(wTx; +b) = +1 (3.9)
Nghiém c6 thé tim duoc thong qua bai toan ddi ngau Lagrangian:
Qa) = Xity a; — Xilj=1 @ ¥y (Xi-%;) /2 (3.10)
Thoaman @; =0, X7, a;y; =0

Trong dang d6i ngau, cac diém dir liéu chi xuat hién dudi dang tich vo hudng.
Dé nhan duoc biéu dién dit liéu tét hon, cac diém dit liéu duoc anh xa sang mot khong

gian tich vo hudng Hilbert thong qua mot phép thé:
X;. X; = 0(x;). 0(x;) = K(x;.X;) (3.11)

& day K(.) 1a ham nhan, ta nhan duoc cdng thirc nhan cua bai toan d6i ngdu Wolfe:
Qla) =X a; — X1 @ a;yiy; K(x.%7)/2 (3.12)

Do d6, véi mot ham nhan dugc cho, bo phéan I6p SVM duogc cho baoi
F(x) = sgn(f(x)) (3.13)

O day f(x) = ¥, a;y; K(x;.x) + b 1a ham quyét dinh siéu phang dau ra cia SVM.

3.3.2.2. Tra cvru anh

Nhu mé hinh phwong phép trén Hinh 3.1, sau khi huan luyén dwgc md hinh
mang no ron tich chap autoencoder & Thanh phan 1, ta tién hanh bo phan decoder di
va giit lai phan encoder dé c6 mo hinh hoc nhu trong Thanh phan 2. Sir dung mé hinh
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hoc trong Thanh phan 2 caa md hinh cho trich rit cac véc to dic trung thap chiéu dé
thu duoc tap gom n véc to dic trung (fo, fi . fo)-

Trong qué trinh tra ctru nhu trong Thanh phan 3 cia mé hinh, ngudi ding cung
cap mot anh truy vén g, véc to cua anh truy van sé dugce dua qua mé hinh hoc encoder
dé co véc to dic trung cua anh truy van (qo, g4 ....q,). QUA trinh tra ciru khoi tao s&
so sanh (dung khoang cach Euclide) véc to ctia anh truy van véi véc to ctia mdi anh
CSDL dé thu duoc tap két qua tra ciru. Trén tap két qua nay, ngudi ding phan hoi dé
thu dwoc tap phan héi (tap phan hdi ndy bao gdm cac mau c6 nhin 4m va duong, nd
cling 1a tap huan luyén). Hoc SVM duoc &p dung trén tap huan luyén dé thu duoc mo
hinh phan 16p SVM. Ap dung m6 hinh phén 1ép trén tap véc to dic trung anh CSDL:
nhitng anh dugc dy doan c6 nhin duong ma c6 khoang cach xa nhat tir siéu phang toi
uu) s& duoc xép & vi tri s6 mot cua danh sach két qua, nhitng anh duoc dy doan co
nhan duong ma c6 khoang céch xa tht nhi tir siéu phang ti vu s& duoc xép & vi tri
s6 hai caa danh sach két qua,... Qué trinh nay lip di 1ap lai cho dén khi ngudi dung
dirng phan hoi.

3.4. Danh gia thuc nghiém

Trong phan nay, luan an sé trinh bay thyc nghiém dé danh gia hiéu nang cua
phuong phap dé xuat va trong thuc nghiém nay, CSDL anh duoc st dung 1a Corel
(trong 1.9.2.1) va CIFAR-100 (trong 1.9.2.2). Trong CIFAR-100, c6 60.000 anh,
10.000 anh duogc lay 1am tap cac anh truy van (tap anh truy van nay duoc tao ra thong
qua viéc lra chon ngau nhién 100 anh tir mdi trong 100 16p), 50.000 anh con lai duoc
sir dung 1am tap huan luyén.

Luan &n thyc hién trén thu vién KERAS*. Cac thuc nghiém dugc cai dit trén
moi truong Python 3 va Windows 11 (c4u hinh may trong 1.9.1). Bo t6i wu
(Optimizer) 1a Adam va ham mat mat (Loss function) 1a sai s6 binh phuong trung
binh (MSE - Mean Squared Error).

Do do duoc st dung trong phan danh gia thuc nghiém nay 1a d6 chinh xac
trung binh (AP-Average Precision) va d6 do tong hop két qua cua nhiéu truy véan
(mAP-Mean Average Precision). AP 16n hon ham ¥ rang duong cong triéu hoi chinh
xac cao hon va do chinh xac tra ctru tét hon. AP va mAP duoc tinh theo cdng thuc
(1.25) va (1.26) (trong 1.9.3).

“ https://github.com/fchollet/keras
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3.4.1. Cdc két qud trén tdp dir ligu anh CIFAR-100

Dé chung t6 tinh hiéu qua cua kién tric autoencoder dé xuat cho tra ctru anh,
luan an thuc nghiém tra ciru anh theo khoang cach Euclide (sau day goi la Baseline)
nhu sau:

Tai ldc bét dau tra ciru, khoang céch Euclide trong khéng gian 128 chiéu dugc
sir dung dé phan hang céc anh trong CSDL. Ly do ma luan an sir dung véc to dic
trung 128 chiéu 1a boi vi day 1a s chiéu phi hop vai nhiéu phuong phap tra ctru anh
[161], [162]. Két qua tra ctu tai lic ban dau (khi chua c6 phan hoi) theo cac do sau
khac nhau trén tap CIFAR-100 duoc thé hién trén Hinh 3.3 & dudi. Hinh 3.3 thé hién
mMAP cua 5 cau hinh khac nhau cho 10, 20, 40, va 60 layer. C4u hinh thit nhat, goi la
Classic (xem Hinh 3.3), 1a mét autoencoder str dung 16p pooling va khdng co shortcut
connections. Cau hinh tha hai, goi 1a Shortcut (con-decon), 1a mot autoencoder st
dung I6p pooling, va cé shortcut connections, ma 1a két ndi ddi xang [163]. Cau hinh
thr ba, goi la NoP_ shortcut (con-decon), la mét autoencoder khdng sir dung I6p
pooling va c6 shortcut connections, va no ciing 1a két néi d6i xang (xem Hinh 3.4).
Cau hinh thir tu, goi la Shortcut, 13 mot autoencoder sir dung lép pooling va cé
shortcut connections nhung né khéng két ndi ddi xiing (xem Hinh 3.2). Cau hinh cubi
cung, goi la NoP_ shortcut, 1a mot autoencoder khdng sur dung 16p pooling va co
shortcut connections va né ciing khong két nbi déi xirng (xem Hinh 3.2). Ly do ma
luan an thuc nghiém vai kién trdc mang theo cau hinh c6 ca Iop pooling va khéng c6
pooling 1a boi vi muén kiém tra hiéu ning trén cac anh cé kich thudc nho nhu cac

anh trong tap anh CIFAR-100 (32x32). Cé4c c4u hinh mang & mic 40 layer duoc thé
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Bang 3.1. C4c tham sé cia kién triic mang autoencoder chuén véi 16p pooling
(trén Hinh 3.3)

Part Ié?g;'; Layer Type inggs Stgid Parl%di Input Output
1 Conv2D 3 1 1 | (32,32,3) | (32,32, 64)
BatchNorm
ReLU
AvgPooling2D (32, 32,64) | (16, 16, 64)
2 Conv2D 3 1 1 | (16, 16, 64) | (16, 16, 72)
BatchNorm
RelLU
3 Conv2D 3 1 1 | (16,16, 72) | (16, 16, 72)
BatchNorm2D
Encode RelLU
AvgPooling2D (16, 16,72) | (8,8, 72)
4 Conv2D 3 1 1 (8,8,72) | (8,8,80)
BatchNorm
RelLU
20 Conv2D 3 1 1 | (4,4,136) | (4,4,144)
BatchNorm
RelLU
Flatten (4, 4, 144) (2304,
Bottlenec Dense (2304,) (128,)
K Dense (128) (2304,)
Reshape (2304)) (4,4, 144)
21 Conv2D 3 1 1 | (4,4,144) | (4,4,144)
BatchNorm
Decode

RelLU
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Encooe

Oecooe

22 Conv2D 1 1 | (4,4,144) | (4,4, 136)
BatchNorm
ReLU

36 | ConvTrans2D 2 1 (4, 4, 88) (8, 8, 88)

Conv2D 1 1 (8,8,88) | (8,8,80)
BatchNorm
RelLU

37 Conv2D 1 1 | (88,80) | (8,8,80)
BatchNorm
RelLU

38 | ConvTrans2D 2 1 (8,8,80) |(16,16,80)

Conv2D 1 1 | (16, 16, 80) | (16, 16, 72)
BatchNorm
ReLU

39 Conv2D 1 1 | (16,16, 72) | (16, 16, 72)
BatchNorm
RelLU

40 | ConvTrans2D 2 1 (16, 16, 72) | (32, 32, 72)

Conv2D 1 1 |(32,32,72) | (32, 32, 64)
BatchNorm
ReLU

Conv2D 1 1 |(32,32,64)| (32, 32,3)

=aigiiiies Ll SRR

Hinh 3.4. Kién triic mang autoencoder véi két néi tat déi xieng (Symmetry

Shortcut Connections) [163]
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Bang 3.2. C4c tham sé cua kién tric mang autoencoder véi két téi tat ddi xing
(trén Hinh 3.4)

Part Ié?g;: Layer Type |Size Stgid P?%di Input | Output Congecte
1 Conv2D 3 1 1 (32,32, | (32,32,
3) 32)
BatchNorm
ReLU
2 Conv2D 3 1 1 (32,32, | (32,32,
32) 32)
BatchNorm
RelLU
3 Conv2D 31 1 | (32,32, | (32, 32,
32) 32)
BatchNorm2D
ReLU
Encode
4 Conv2D 3 1 1 (32,32, | (32,32,
32) 32)
BatchNorm
ReLU
20 Conv2D 3 1 1 (32,32, | (32,32,
32) 32)
BatchNorm

RelLU
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Flatten (32,32, | (32768,)
32)
Bottlenec Dense (32768,) | (128,
K Dense (128) | (32768,
Reshape (32768,) | (32, 32,
32)
21 Conv2D 1 (32,32, | (32,32,
32) 32)
BatchNorm
RelLU
22 Concatenate RelLU
(Block
19)
Conv2D 1 (32,32, | (32,32,
32) 32)
BatchNorm
RelLU
23 Conv2D 1 (32,32, | (32,32,
Decode 32) 32)
BatchNorm
RelLU
24 Concatenate RelLU
(Block
17)
Conv2D 1 (32,32, | (32,32,
32) 32)
BatchNorm

ReLU
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39 Conv2D 3 1 1 (32,32, | (32,32,
32) 32)
BatchNorm
RelLU
40 Concatenate RelLU
(Block 1)
Conv2D 3 1 1 | (32,32, | (32, 32,
32) 32)
BatchNorm
RelLU
Conv2D 3 1 1 | (32,32, | (32, 32,
32) 3)

Bang 3.3. C4c tham so ciia kién triic mang autoencoder véi két ndi tat dé xuat
(trén Hinh 3.2)

Part Ié?g;: Layer Type |Size St;id P?%di Input | Output Congecte
1 Conv2D 31 1 | (32,32, | (32, 32,
3) 32)
BatchNorm
ReLU
Ercode 2 Conv2D 31 1 1 | (32,32, | (32, 32,
32) 32)
BatchNorm
RelLU
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3 Conv2D (32,32, | (32,32
32) 32)
BatchNorm2D
Add ReLU
(Block 1)
ReLU
4 Conv2D (32,32, | (32,32
32) 40)
BatchNorm
RelLU
20 Conv2D (32,32,10((32,32,10
4) 4)
BatchNorm
ReLU
Flatten (32,32,10((106496,)
4)
Dense (106496,)| (128,
Bottlenec
k Dense (128,) |(106496,)
Reshape (106496,) | (32,32,10
4)
21 Conv2D (32,32,10(32,32,10
4) 4)
BatchNorm
Decode

ReLU
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22 Conv2D 1 (32,32,10|(32,32,10
4) 4)
BatchNorm
RelLU
23 Conv2D 1 (32,32,10((32,32,10
4) 4)
BatchNorm
Add ReLU
(Block
21)
RelLU
24 Conv2D 1 (32,32,10| (32, 32,
4) 96)
BatchNorm
ReLU
39 Conv2D 1 (32,32, | (32,32,
40) 40)
BatchNorm
Add ReLU
(Block
37)
ReLU
40 Conv2D 1 (32,32, | (32,32,
40) 32)
BatchNorm
RelLU
Conv2D 1 (32,32, | (32,32,
32) 3)
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Viéc huan luyén mang trong thuc nghiém ¢ chuong nay, luan &n sir dung b
trong s6 khai tao (khdng sir dung hoc truyén). Thong tin vé loss va val_loss cho 20
epoch trong qua trinh huan luyén cac cau hinh mang duogc thé hién nhu sau:

- Autoencoder Classic:

Loss
0.30
0.25
0.20
0.15
0.10
0.05
o IL 2I 5;» ﬂll é é T:" !I3 ‘_If.! l:[} lll ll2 l|3 lltl l|5 lIIS ll? lIB 12
n_epochs
Hinh 3.5. Huan luyén Autoencoder Classic véi 20 epoch
- AutoEncoder Shortcut(con-decon):
Loss
0.05
0.04
0.03
0.02
0.01

T T T T T T T T
o 1 2 3 4 5 & 7J7 8 9 10 11 1z 13 14 15 16 17 18 19
n_epochs

Hinh 3.6. Huin luyén Autoencoder Shortcut(con-decon) véi 20 epoch
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- AutoEncoder Shortcut:

Loss

0.010
— Train

Test

0.008

0.006

0.004

0.002

______,A = _____,/l_ /\

—

0.000
T T T T T T T T T T
0 1 2 3 4 5 [+] r 8 2 10 11 12 13 14 15 16 17 18 19
n_epochs

Hinh 3.7. Huan luyén Autoencoder Shortcut véi 20 epoch

Sau khi huan luyén xong cac kién triic mang & trén, ta st dung phan Encoder
dé trich rat ra cac véc to dic trung cta cac anh trong CSDL. Nhu da dé cap & phan
truéc, tap dir lisu CIFAR-100 bao gém 100 I6p/chu dé va khoang 600 anh cho mai
cha dé. Tap anh nay duoc chia lam hai tap con: tap thir nhat I tap kiém tra gém
10.000 anh va tap thir hai la tap huan luyén gom 50.000 anh. Ta lay 50.000 anh cua
tap con tha hai cho viéc danh gia thuc nghiém.

Trong truong hop lay sé chiéu cia véc to dic trung 1a 128 chiéu thi tap dic
trung gém 50.000 dong va 128 cot dwgec mo ta nhu Hinh 3.8 dudi day.

Example 0 1
bear_cub s 07 13 28791 4690528 3 8 4274721 2355495
macoun s 001403.png 15 { 3324580 1799607 .. 30 g | 3 2939421 1.796161

ass_road_s_000002.png

tractor 5. 001337.png

001524 png 1628206 3491193
bike_s 001945png 2095326 3.670760
Ip.s.003115.png ¢
red_fox £ 000589.0n9
helminth s 000630.png 2915287

skunk striped_skunk_s 001711.png ¢

Hinh 3.8. Mt s véc to diic trung dwoc trich rat tir co sé dir liéu CIFAR-100
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Quan sat trén Hinh 3.9 thay rang, s6 layer tbi wu cua kién trdc mang
autoencoder cho tra ctiru anh trén tap CIFAR-100 ma trén tat ca cac kién tric 1a 40
layers. Ciing tir Hinh 3.9 nay, cho thay, cdu hinh mang st dung 16p pooling c6 hiéu

qua cho kién triic mang sau.

30

27.51
26.61 2684 2671 26.54 265 2676 26.78

25.77

25.47

N
w

24.02 384
22.66
21.99 21.72 21.58 21.64

“ | | |

10 layer 20 layer 40 layer 60 layer

mAP (%)

=
S)

w

0

H Classic M Sortcut(con-decon) H NoP_sortcut(con-decon) = Sortcut H NoP_sortcut

Hinh 3.9. Két qua tra ciu anh theo cac dé sdu khac nhau cia mang
autoencoder trén tap CIFAR-100

Kién tric mang trong [163] véi cac cau hinh Shortcut (con-decon) va NoP_
shortcut (con-decon) cho két qua thap hon kién tric mang dé xuat (bao gom Shortcut
va NoP_ shortcut). Ly do cta viéc nay 1a bai vi mic du ca hai ciu hinh Shortcut (con-
decon) va NoP_ shortcut (con-decon) cua kién tric mang trong [163] déu dung
shortcut connections, nhung chung st dung shortcut connections déi xing. Kién trdc
mang st dung shortcut connections déi xing pht hop cho loai bé nhidu trong anh
hon 1a tra cru anh. Ly do cua viéc nay la boi vi autoencoder dung shortcut connections

dbi xtng gidp loai bo nhiéu trong anh (c6 thé dan dén loai bo maot sé chi tiét anh),
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diéu nay ciing dan dén dic trung duoc trich rat c6 thé loai di mot sé chi tiét anh co
thé mang ngir nghia quan trong cua anh. Do dé, so sanh hai véc to dic trung cua hai
anh cd thé khong phan anh d¢ giéng nhau cua hai anh gbc ban dau, diéu nay co thé
anh hudng dén do chinh xac tra ciru anh. Trong sb 5 cau hinh, hai cau hinh trong kién
trdc mang duogc dé xuat cho két qua cao nhat trén toan bo 20, 40, va 60 layers, chiing
t6 mot diéu rang viéc sir dung shortcut connections khong déi xirng vao autoencoder
dé tao ra cAc mang sdu autoencoder cho d6i sanh anh Ia hiéu qua trén tap CIFAR-
100. Hinh 3.9, thé hién kién tric mang & 40 16p ¢6 hiéu qua cao hon, tuy nhién, khi
s6 16p tang 1én 1a 60, thi d6 chinh xé&c cua cac cau hinh lai giam di boi vi kha ning
cao la c& cua tap dit liéu huyén luyén & day 1a nho nén khong da dé huan luyén hiéu
qua trén cac mo hinh qua sau.

Dua vao thuc nghiém & trén, cho thay rang sé 16p téi uu cho kién trdc mang
autoencoder voi shortcut connections 1a 40. Bé ching to tinh hiéu qua cua phuong
phép duogc dé xuat cho tra ciru anh, luan an thyc nghiém phuong phap voi RF trén
cau hinh mang nay nhu sau:

Sau khi nguoi dung cung cap cic RF, cic phuong phap Baseline, AIR,
EDSSCIR (Encoder-Decoder with Symmetric Skip Connection for Image Retrieval)
trong [163], va SSCAIR (Feature extraction using self-supervised convolutional
autoencoder for content based image retrieval) [164] duoc 4p dung dé phan hang lai
cac anh trong CSDL. Luan an chon phuong phap EDSSCIR cho so sanh hiéu nang,
né sir dung dic trung dugc hoc tir autoencoder tich chap véi connection bé qua ddi
xang, 12 béi vi mudn minh chiing hiéu qua cua dic trung dugc hoc boi phuong phép
dugc dé xuat trong tra ciru anh voi RF.

Hinh 3.10 chi ra mAP cua ba phuong phép gdm AIR, EDSSCIR, va SSCAIR
cho ba Ian Iap phan hoi dau tién. Hinh 3.10 cho thay rang, phuong phap AIR duoc dé
xuit thuc hién tét hon hai phuwong phap con lai trén tat ca cac lan lap va khéng lap.
Hiéu nang khi sir dung phan hoi cua phuong phép dé xuat 1a tot hon dang ké so voi
khi khéng sir dung phan hdi, né chi ra riang cac RF duoc nguoi dung cung cap la rat
hitu ich trong cai tién hiéu ning tra ctru. AIR thyc hién tot hon EDSSCIR 13 bai vi
AIR thu duoc biéu dién dic trung tot.
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mAP (%)
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mAIR m EDSSCIR

35.38

21.76 22.62

25.9

RF(1 loop)

m SSCAIR

32.12

RF(2 loops)

30.98

45
| 3957

38.83

RF(3 loops)

Hinh 3.10. So sanh hiéu ning (dwéi dang mAP) cia bon phuwong phap cho ba

lan 13p dau tién

Luén 4n d3 thuc hién viéc do thoi gian TB cta mot truy véan trén tap CSDL

CIFAR-100. Thai gian thyc hién truy van theo s vong lap phan hdi cé thé dugc thay

trén Bang 3.4.

Bang 3.4. Thoi gian thuc hién truy van ciaa AIR trén CIFAR-100.

Thei gian trung binh cho 1 truy van
Vong 13p phan hdi caa AIR véi cau hinh
Shortcut (con-decon) (s)| Shortcut (s) Classic (s)
Khoéng c6 phan hdi 0.2449 0.2650 0.2335
Vong lap tha nhat 25.5623 28.1375 24.0926
\Vong lap thi hai 26.2186 28.9882 24.4392
\Vong lap thi ba 27.2913 29.1830 24.5538

Qua Bang 3.4 cho thay rang, thoi gian thuc hién truy van cia phuong phéap dé
xuat AIR véi cau hinh Classic 1a thdp nhat trén tat ca cac 1an lip phan hoi va khong

phan hdi. Phuong phap sir dung cau hinh Shortcut c6 thoi gian cao hon str dung cau
hinh Shortcut(con-decon) mét chut (xap xi 2s). Nguy@n nhan cua viéc sir dung cau

hinh Shortcut cao hon mét chit so véi st dung cau hinh Shortcut(con-decon) 1a bai

né phai danh thoi gian dé tinh thém két ndi tat. Trong khi d6, phuong phap sir dung

cau hinh Classic khong phai tinh thém két ndi tit.
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3.4.2. Cdc két qud trén tip dii liéu anh Corel

Quan sét trén Hinh 3.11 cho thay rang, s6 16p t6i vu cua kién tric mang
autoencoder cho tra ctru anh trén tip COREL ma trén hai kién trac 1a 40 16p.

Kién trGc mang trong [163] véi cau hinh Shortcut(con-decon) cho két qua
thip hon kién tric mang duoc dé xuat (Shortcut). Ly do cua viéc nay 1a boi vi mac
dd cdu hinh Shortcut(con-decon) cua kién tric mang trong [163] ding shortcut
connections, nhung chiing str dung shortcut connections déi xing. Kién tric mang str
dung shortcut connections déi xang phu hop cho loai bo nhidu trong anh hon 1a tra
ctru anh. kién tric mang duoc dé xuat cho két qua cao nhat trén 40, va 60 Iop, riéng
20 16p 1a cho két qua xap xi nhau. Piéu nay cho thay rang viéc st dung shortcut
connections khong ddi xing vao autoencoder dé tao ra cac mang sau autoencoder cho
dbi sanh anh 1a hiéu qua trén tap COREL.

25

20

0 II II II II

10 layer 20 layer 40 layer 60 layer

1

[S)

1

mAP (%)
o

(6]

m Sortcut(con-decon) m Sortcut

Hinh 3.11. Két qua tra citu anh theo cac dd sdu khac nhau cia mang
autoencoder trén tap COREL
Hinh 3.12 chi ra mAP cta ba phuong phap gom Baseline (Non-RF), AR,

EDSSCIR cho ba lan Iap phan héi dau tién. C6 thé nhan thay ring phuong phap
Baseline cho ra két qua do chinh xac thap nhat. Nguyén nhan cua viéc nay l1a do
phuong phap Baseline khong st dung co ché hoc, ma chi tinh khoang cach Euclide
giita véc to dic trung cua anh truy van va anh trong CSDL. Phuong phap dugc dé
xuit AIR thuc hién tot hon hai phuong phap con lai trén tat ca céc lan lip. Phuong

phap AIR c6 hiéu ning tot hon déng ké so véi Baseline, n6 chi ra rang cac RF duoc
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ngudi ding cung cap 1a rat hitu ich trong cai tién hiéu nang tra ciru. AIR thyc hién tét
hon EDSSCIR 14 bai vi AIR thu duoc biéu dién dic trung tot.

EAIR m EDSSCIR
48.02
43.81
39.24
35.96
31.47
X 2438 256
~ 23.34
o
<
€
1 I
I
Non-RF RF(1 loop) RF(2 loops) RF(3 loops)

Hinh 3.12. So sanh hiéu ning (dwéi dang mAP) ciia ba phwong phap cho ba lan

lap dau tién

Bang 3.5. Thai gian thuc hién truy van cia AIR trén COREL

_ | Thai gian trung binh cho 1 truy vén ciia AIR véi cau hinh
Vong lap phan hoi
Shortcut(con-decon) (s) | Shortcut (s) Classic (s)
Khoéng c6 phan hdi 0.1289 0.1468 0.0457
vong lap thir nhat 5.5781 5.5734 4.8175
Vong lap tht hai 5.6410 5.6508 4.8858
Vong lap thi ba 5.8743 5.8919 4.8108

Bang 3.5 ciing thé hién rang, thoi gian thuc hién truy van cia phuong phap dé
xuat AIR véi cau hinh Classic 1a thap nhét trén tat ca cac 1an lap phan hdi va khéng
phan hdi. Phuong phap sir dung cau hinh Shortcut c6 thoi gian ngang véi st dung cau
hinh Shortcut(con-decon) (chénh nhau xap xi 0.02s). Nguyén nhan cua viéc phuong
phap st dung cdu hinh Shortcut cao hon mot chit so véi st dung cdu hinh
Shortcut(con-decon) 1a bai nd phai danh thoi gian dé tinh thém két néi tat. Trong khi

d6, phuong phap st dung cau hinh Classic khong phai tinh thém két néi tt.
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3.5. Két luan Chuong 3

Trong chuong nay, luan an trinh bay mot phuong phap hiéu qua cho tra cau
anh. Phuong phap nay di khac phuc duogc hai van dé: thi# nhat, kha nang phan biét
han ché cua cac phwong phéap da c6 va thir hai, giam nhe van dé vanishing/exploding
gradients va qua trinh hoi tu nhanh. M& hinh mang no ron tich chap séu autoencoder
duoc tan dung dé hoc cac biéu dién dic trung hiéu qua cho tra ciru anh thdng qua viéc
sir dung shortcut connections trong kién tric autoencoder. Mé hinh hoc nay duoc st
dung vao viéc tao ra cac biéu dién dic trung cua cac anh CSDL. Trén co s& cac biéu
dién dic trung nay, Nghién ciru sinh da thiét ké mot co ché hoc RF sir dung SVM dé
tan dung cac mau cd nhan tir phan hdi ciia nguoi dung. Cac mau huan luyén thu duoc
tir co ché RF, dugc cung cap cho b phan 16p SVM gilp tang cuong kha nang hoc
cac dic trung phan biét ma duoc dung cho tra ciru anh. Két qua cua phuong phap nay
da thu duoc cac danh sach phan hang c6 chét luong tot, vira khic phuc duoc su thiéu
hut cAc mau c6 nhan vira tan dung duoc wu diém cua cac mang no ron sau.

Cac két qua thyc nghiém trén tap CIFAR-100 vai 60,000 anh d3 minh chung
rang phuong phap dugc dé xuat sinh ra két qua c6 do chinh xac cao hon va thoi gian
huan luyén mé hinh trich rat dic trung thap hon mot sé phuong phap hién nay (thoi
gian tra ciu cuia phuong phap dé xuat sir dung cau hinh Shortcut connections cao hon
hai cau hinh Shortcut(con-decon) va Classic 1a khong dang ké). Cac dong gop chinh

cta chuong nay da duoc Nghién ciru sinh cong b trong céc cong trinh [CT1, CT3].
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KET LUAN

Nghién ciu vé “Tra citu dnh dwa vio ndi dung véi hoc biéu dién va giim
chiéu dir ligu” 13 mot hudng tiép can mang tinh thoi sy va thyc tién cao ddi véi bai
toan CBIR. Nhitng nim gan day, da c6 nhiéu cong trinh nghién ciu vé ki thuat hoc
may cho bai toan CBIR véi RF dugc cong bd, gitp cai thién do chinh xac tra cau cua
hé théng tra ciru anh. Tuy nhién n6 van con boc 16 nhiéu kho khin, thach thic can
duogc giai quyét hoac cai tién dé co hiéu ning tot hon. Trong d6 dién hinh 12 bai toan
nang cao toc do va do chinh xac tra ctiru cua hé thdng tra ctru anh trén CSDL anh 16n,
dir liéu 6 ¢& 16p nho, c& mau nho va chiéu cao. Bé giai quyét van dé nay, luan an da
tién hanh nghién ctu co so ly thuyét vé CBIR, co ché RF va van dé giam khoang
trng ngir nghia trong CBIR, dong thoi tap trung khao sat, phan tich va danh gia mot
s6 cong trinh nghién ctu & trong nudce va trén thé gioi, tir d6 dé xuat hai giai phéap su
dung hoc may (dac biét 1a hoc sdu) vao qué trinh tra ciru anh véi RF, gilp cai thién
dugc d6 chinh xé&c va toc do tra ciru, dong thoi thu hep khoang tréng ngit nghia doi
Véi cac bai toan dugc dat ra ¢ trén.

1. Cac két qua dat dwoc caa luan an

Luén 4n da dat duoc mot sb két qua chinh nhu sau:

(1) Pé xuat dugc phuong phap tra citu anh SDAIR. Phuong phap nay két hop
mo hinh trich rut dac trung quan trong dya trén phuong phap RSLDA v&i mo hinh
phan Iép trong hé théng CBIR nham cai tién do chinh xac va thoi gian truy van. Sy
khac biét giita phuwong phap dé xuat va cac hé théng tra ciru anh hién c6 1a phuong
phap dé xuat dua ra mot mé hinh linh hoat ma khdng chi gan véi mé hinh hoc hoic
mot d6 do tuong tu nao d6. SDAIR ciing c6 co ché bd sung mau duong vao tap huan
luyén mot cach tu dong ma khong doi hoi s6 luong mau duong 16n. Ngoai ra, nd co
thé phuc vu dong thoi d6i véi hai nhiém vy: lya chon tap dic trung quan trong va
b6 sung mau huéan luyén duong. Két qua thuc nghiém trén tap CSDL anh cho thiy
phuong phap dé xuét c6 thé cai thién d6 chinh xac va thai gian truy van cho bai toan
tra cau anh véi RF trong truong hop ¢& mau nho, ¢& 1op nho va di lieu ¢ chiéu
cao. [CT4, CT2]

(2) Bé xuit phuong phap tra cru anh AIR dya trén 3 thanh phan: Huan luyén
ban giam sat bang mang no ron tich chap autoencoder, trich rat dic trung anh va phan
I6p SVM trong RF nham cai tién d6 chinh xé&c va thoi gian truy van. Mang no ron tich
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chap autoencoder duoc tan dung dé hoc céc biéu dién dic trung hiéu qua cho tra ctu
anh théng qua viéc str dung shortcut connections trong kién tric autoencoder. Mé hinh
hoc nay duoc sir dung vao viéc tao ra cac biéu dién dic trung ctia anh CSDL. Trén co
s& C4c biéu dién dic trung nay, luan an da thiét ké mot co ché hoc RF sir dung may véc
to hd trg SVM dé tan dung cac mau c6 nhén tir phan hdi cua ngudi ding. Cac mau
huan luyén thu duoc tir co ché RF, dugc cung cap cho bo phan Iép SVM di lam ting
cuong kha ning hoc céc dic trung phan biét ma dugc dung cho tra ctru anh. Két qua
cua phuong phap nay da thu duoc céc danh sach phan hang c6 chat luong tét, vira khic
phuc duoc sy thiéu hut cac mau c6 nhan vira tan dung duoc vu diém cua cac mang no
ron sau. Thuc nghiém duoc thuc hién trén tap CIFAR-100 véi 60,000 anh, cho thay
rang phuong phap AIR duoc dé xuét tao ra cac két qua co do chinh xac cao hon mot
s6 phuong phap hién nay. [CT1, CT3]

Bang viéc phan tich Iy thuyét va thuc nghiém trén cac tap CSDL anh chuyén
nghiép ma cac nha nghién ctu trong nudc va quoc té khuyén dung. Két qua cua
nghién ctru da chi ra rang hai phuong phap méi duge dé xuat trong luan an cé nhiéu
vu diém hon so véi cac phuong phap tiéu biéu hién co. Piéu ndy khang dinh tinh
dung din va kha ning nang cao hiéu qua tra ciru cta cac phuong phap dé xuat, dong
thoi thuc hién dugc muc tiéu da dé ra trong luan an.

2. Pinh hwéng phat trién

Mic du két qua budc dau cua luan an da khing dinh dugc mot sé nghién ctu
quan trong vé Iy luan khoa hoc va thyc tién trong st dung ky thuat hoc may vao qué
trinh CBIR véi RF, nhung luan an van con mot s6 van dé can duoc nghién cuu, cai
tién va phat trién tiép. Trong tuong lai, dinh huéng phét trién tiép theo cua luan an cé
thé thuc hién theo cac huéng nghién cau sau:

(1) Tiép tuc nghién ctru va khic phuc nhitng van d& con ton tai cua cac phuong
phap da dé xuat trong luan an.

(2) Nghién ctru tan dung cac thanh tuu cta hoc may hién dai nhu mé hinh
Vision Transformer, mang no ron tich chap d6 thi va co ché hoc truyén dé nang cao
hiéu nang tra ctru.

(3) Trién khai cic phuong phap da dé xuit vao viéc giai quyét cac 16p bai toan
trong thuc tién, dic biét 1a cac bai toan phuc tap, co st dung dir liéu hinh anh véi do
chinh x&c cao, thudc cac linh vuc khac nhau nhu quan su, y hoc, gido duc, du lich, du
béo thoi tiét, ...



92

DANH MUC CONG TRINH CONG BO LIEN QUAN PEN LUAN AN

Trong nworc:

[CT1] An Hong Son, Nguyen Huu Quynh, Dao Thi Thuy Quynh, Cu Viet Dung,
“Deep Learning o f Image Representations with Con volutional Neural Networks
Autoencoder for Image Re trieval with Relevance Feedback”, Journal onInformation
Technologies and Communications, Vol. 2022, No. 1, pp. 17-24 (ISSN: 1859-3534,

Quoc té:

[CT2] An Hong Son, Dao Thi Thuy Quynh, Nguyen Huu Quynh, “Stuck Query Point
Processing O f Multi point Query Fo r Image Re trieval With Relevance Feedback”,
Journal ofInformation Hiding & Multimedia Signal Processing, Vol. 12, No. 2, pp.
42-55, June 2021. (ISSN:2073-4212/2073-4239; SCOPUS).

[CT3] An Hong Son, Nguyen Huu Quynh, Cu Viet Dung, Dao Thi Thuy Quynh, Ngo
Quoc Tao, “Learning Binary Codes for Fast Image Retrieval with Sparse
Discriminant Analysis and Deep Autoencoders”, Intelligent Data Analysis, Vol. 27,
No. 3, pp. 809-831, 2023 (ISSN: 1088-467X/1571-4128; SCIE).

[CT4] An Hong Son, Nguyen Huu Quynh, Cu Viet Dung, Dao Thi Thuy Quynh, Ngo
Quoc Tao, “Improving image retrieval effectiveness via sparse discriminant
analysis”, Multimedia Tools and Applications, March 2023, pp.1-24 (ISSN: 1380-
7501/1573-7721; SCIE).


http://www.jihmsp.org/~jihmsp/2021/vol12/n2/1.JIHMSP1566.pdf
http://www.jihmsp.org/~jihmsp/2021/vol12/n2/1.JIHMSP1566.pdf

10.

11.

12.

93

DANH MUC TAI LIEU THAM KHAO

M. Alkhawlani, M. EImogy, H. El Bakry (2015), Text-based, content-based, and
semantic-based image retrievals: A survey, Int. J. Comput. Inf. Technol, 4(01),
pp. 5866.

A. Krizhevsky, 1. Sutskever, & G.E. Hinton, (2017, May). ImageNet
classification with deep convolutional neural networks. Communications of the
ACM, 60(6), 84-90.

F. Ali and A. Hashem (2020, June). Content Based Image Retrieval (CBIR) by
statistical methods. Baghdad Science Journal, 17 (2(Sl)), 694.

C. Bai, J. Chen, L. Huang, K. Kpalma, & S. Chen, (2018, January). Saliency-
based multi-feature modeling for semantic image retrieval. Journal of Visual
Communication and Image Representation, 50, 199-204.

R. Datta, D. Joshi, J. Li, and J. Z. Wang, “Image retrieval: ideas, influences,

and trends of the new age,” ACM Computing Surveys, vol. 40, no. 2, pp. 1-60,
May 2008.

A.H. Halawani, A. Teynor, L. Setia, G. Brunner, & C.I. Retrieval, (2006,
January). Fundamentals and Applications of Image Retrieval: An Overview.
Image (Rochester, N.Y.), 14-23.

M.J.J. Ghrabat, G. Ma, I.Y. Maolood, S.S. Alresheedi, & Z.A. Abduljabbar,
(2019, December). An effective image retrieval based on optimized genetic
algorithm utilized a novel SVM-based convolutional neural network classifier.
Human-centric Computing and Information Sciences, 9(1), 31.

M. Bansal & M. Kumar, (2020, February). 2D object recognition techniques:
State-of-the-art work. Archives of Computational Methods in Engineering, 28
(3), 1147-1161.

U. Mittal, S. Srivastava, & P. Chawla, “Review of different techniques for object
detection using deep learning,” in Proceedings of the Third International
Conference on Advanced Informatics for Computing Research - ICAICR 19,
New York, USA, 2019, pp. 1-8.

L. Piras, & G. Giacinto, G. (2017, September). Information fusion in content based
image retrieval: A comprehensive overview. Information Fusion, 37, 50-60.

D. Zhang, M.M. Islam, & G. Lu, (2012, January). A review on automatic image
annotation techniques. Pattern Recognition, 45(1), 346-362.

M. Lew, N. Sebe, C. Djeraba and R. Jain, Content-based Multimedia
Information Retrieval: State of the Art and Challenges, ACM Transactions on
Multimedia Computing, Communications, and Applications, pp. 1-19, 2006.



13.

14.

15.

16.

19.

20.

23.

25.

21.

28.

29.

30.

94

F. Baig, Z. Mehmood, M. Rashid, M.A. Javid, A. Rehman, T. Saba, & A. Adnan
(2020, March). Boosting the performance of the BoVW model using SURF-
CoHOGbased sparse features with relevance feedback for CBIR. Iranian
Journal of Science and Technology, Transactions of Electrical Engineering,
44(1), 99-118.

D.G. Low, (2004). Distinctive image features from scale-invariant keypoints.
Int. J. Comput. Vis, 60(2), 91-110.

X. Duanmu, “Image retrieval using color moment invariant,” in 2010 Seventh
International Conference on Information Technology: New Generations, 2010,
pp. 200-203. Las Vegas, Nevada.

J. Huang, S.R. Kumar, M. Mitra, W.J. Zhu, & R. Zabih, “Image indexing using
color correlograms,” in Computer Vision and Pattern Recognition, 1997.
Proceedings., 1997 IEEE Computer Society Conference on, 1997, pp. 762-768.
San Juan, PR.

N. Shrivastava, & V. Tyagi, (2015, August). An efficient technique for retrieval
of color images in large databases. Computers & Electrical Engineering, 46,
314-327.

A. Alzu’bi, A. Amira, & N. Ramzan, (2015, October). Semantic content-based
image retrieval: A comprehensive study. Journal of Visual Communication and
Image Representation, 32, 20-54.

R.M. Hawlick, (2017). Statistical and structural approaches to texture. Advances
in Intelligent Systems and Computing, 459(5), 1-644.

D.P. Tian, (2013). A review on image feature extraction and representation
techniques. International Journal Multimedia Ubiquitous Engineering, 8(4),
385-395.

T. Suk, & J. Flusser, (2011, September). Affine moment invariants generated by
graph method. Pattern Recognition, 40(2), 2047-2056.

M. Naeem, R. Ashraf, N. Ali, M. Ahmad, & M.A. Habib, “Bottom up approach
for better requirements elicitation,” in Proceedings of the International
Conference on Future Networks and Distributed Systems - ICENDS *17, New
York, USA, 2017, 1305, pp. 1-4.

Y.D. Chun, N.C. Kim, & I.H. Jang, (2008, October). Content-based image
retrieval using multiresolution color and texture features. IEEE Transactions on
Multimedia, 10(6), 1073-1084.

G.A. Montazer, & D. Giveki, (2015, September). Content based image retrieval
system using clustered scale invariant feature transforms. Optik (Stuttg),
126(18), 1695-1699.



31.

32.

33.

35.

36.

37.

38.

40.

41.

42.

43.

44,

45.

46.

47.

95

H. Bay, A. Ess, T. Tuytelaars, & L. Van Gool, (2008, June). Speeded-Up Robust
Features (SURF). Computer Vision and Image Understanding, 110(3), 346-359.

Z. Zhao, X. He, D. Cai, L. Zhang, W. Ng, and Y. Zhuang. Graph regularized
feature selection with data reconstruction. IEEE Transactions on Knowledge
and Data Engineering, 28(3):689-700, 2015.

R. O. Duda, P. E. Hart, and D. G. Stork. Pattern classification. John Wiley &
Sons, 2012.

I. Kononenko, E. Simec, and M. Robnik-Sikonja. Overcoming the myopia of
inductive learning algorithms with relieff. Applied Intelligence, 7(1):39-55,
1997.

M. Bennasar, Y. Hicks, and R. Setchi. Feature selection using joint mutual
information maximisation. Expert Systems with Applications, 42(22):8520-
8532, 2015.

L. Song, A. Smola, A. Gretton, K. M. Borgwardt, and J. Bedo. Supervised
feature selection via dependence estimation. In Proceedings of the 24th
International Conference on Machine Learning, pages 823-830, 2007.

X. He, D. Cai, and P. Niyogi. Laplacian score for feature selection. Advances in
Neural Information Processing Systems, 18:507-514, 2005.

S. Hijazi. Semi-supervised Margin-based Feature Selection for Classification.
PhD thesis, Université du Littoral Céte d’Opale; Université Libanaise, école
doctorale .. ., 2019.

J. Wen, X. Fang, J. Cui, L. Fei, K. Yan, Y. Chen, and Y. Xu. Robust sparse
linear discriminant analysis. IEEE Transactions on Circuits and Systems for
Video Technology, 29(2):390-403, 2018.

F. Dornaika and A. Khoder. Linear embedding by joint robust discriminant
analysis and inter-class sparsity. Neural Networks, 127:141-159, 2020.

A. Khoder and F. Dornaika. A hybrid discriminant embedding with feature
selection: application to image categorization. Applied Intelligence, pages 1-
17, 2020.

A. Tharwat, T. Gaber, A. Ibrahim, and A. E. Hassanien. Linear discriminant
analysis: A detailed tutorial. Al Communications, 30(2):169-190, 2017.

L. I. Smith. A tutorial on principal components analysis. 2002.

D. J. Hand. Classifier technology and the illusion of progress. Statistical
Science, pages 1-14, 2006.

Z. Lai, Y. Xu, Z. Jin, and D. Zhang. Human gait recognition via sparse
discriminant projection learning. IEEE Transactions on Circuits and Systems for
Video Technology, 24(10):1651-1662, 2014.



48.

49.

50.

51.

52.

53.

55.

56.

57.

58.

59.

60.

96

D. Arthur, & S. Vassilvitskii, (2007, January). K-means++: The advantages of
careful seeding. Proceedings of the Annual ACM-SIAM Symposium on
Discrete Algorithms, 07-09, 1027-1035.

M. Yousuf, Z. Mehmood, H.A. Habib, T. Mahmood, T. Saba, A. Rehman, & M.
Rashid, (2018). A novel technique based on visual words fusion analysis of
sparse features for effective content-based image retrieval. Mathematical
Problems in Engineering, 2018, 1-13.

Z. Mehmood, F. Abbas, T. Mahmood, M.A. Javid, A. Rehman, & T. Nawaz,
(2018, December). Contentbased image retrieval based on visual words fusion
versus features fusion of local and global features. Arabian Journal for Science
and Engineering, 43(12), 7265-7284.

C. Cortes, & V. Vapnik, (1995, September). Support-vector networks. Machine
Learning, 20(3), 273-297.

M. Garg, & G. Dhiman, (2020, June). A novel content-based image retrieval
approach for classification using GLCM features and texture fused LBP
variants. Neural Computing & Applications, 33(4), 1311-1328.

A. Vedaldi, & A. Zisserman, “Sparse kernel approximations for efficient
classification and detection,” in 2012 IEEE Conference on Computer Vision and
Pattern Recognition, Providence, RI, USA, 2012, pp. 2320-2327.

|. Basheer, & M. Hajmeer, (2000, December). Artificial neural networks:
Fundamentals, computing, design, and application, Journal of Microbiological
Methods, 43(1), 3-31.

R. Ashraf, K. Bashir, A. Irtaza, & M. Mahmood, (2015, May). Content based
image retrieval using embedded neural networks with bandletized regions.
Entropy, 17(6), 3552-3580.

H. Yoon, C-S. Park, J.S. Kim, & Baek, (2013, January). Algorithm learning
based neural network integrating feature selection and classification. Expert
Systems with Applications, 40(1), 231-241.

J. Wan, “Deep learning for content-based image retrieval,” In Proceedings of
the ACM International Conference on Multimedia - MM ’14, New York, USA,
2014, pp. 157-166.

A. Voulodimos, N. Doulamis, A. Doulamis, & E. Protopapadakis, (2018). Deep
learning for computer vision: A brief review. Computational Intelligence and
Neuroscience, 2018, 1-13.

S. Chaudhry, & R. Chandra, (2016, October). Unconstrained face detection from
a mobile source using convolutional neural networks. Lecture Notes in
Computer Science, 9948, 567-576. Including subseries Lecture Notes in
Artificial Intelligence and Lecture Notes in Bioinformatics.



61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

74.

75.

97

I. Gogul, & V.S. Kumar, “Flower species recognition system using convolution
neural networks and transfer learning,” in 2017 Fourth International Conference
on Signal Processing, Communication and Networking (ICSCN), 2017, no.
March, pp. 1-6. Chennai, India.

A. Patil, & M. Rane, (2021). Convolutional neural networks: an overview and
its applications in pattern recognition. In Smart Innovation, Systems and
Technologies, 195(Insights into Imaging), 21-30.

A. Alzu’bi, A. Amira, & N. Ramzan, (2017, August). Content-based image
retrieval with compact deep convolutional features. Neurocomputing, 249,
95-105.

M. Tzelepi, & A. Tefas, (2018, January). Deep convolutional learning for
content based image retrieval. Neurocomputing, 275, 2467-2478.

Q. Zheng, X. Tian, M. Yang, & H. Wang, (2019). Differential learning: A
powerful tool for interactive content-based image retrieval. Engineering Letters,
27(1), 202-215.

K. Simonyan, & A. Zisserman, (2014, September). Very deep convolutional
networks for large-scale image recognition. 3rd International Conference
Learning Represent ICLR 2015 - Conference Track Proceedings, 1-14.

A. Sezavar, H. Farsi, & S. Mohamadzadeh, (2019, August). Content-based
image retrieval by combining convolutional neural networks and sparse
representation. Multimedia Tools and Applications, 78(15), 20895-20912.

K. He, X. Zhang, S. Ren, & J. Sun, (2016). Deep Residual Learning for Image
Recognition. Computer Vision and Pattern Recognition (pp.770-778). IEEE.

L. Breiman. Bagging predictors. Machine Learning, 24(2):123-140, 1996.

H. Lu and R. Mazumder. Randomized gradient boosting machine. SIAM
Journal on Optimization, 30(4):2780-2808, 2020.

L. Deng and J. C. Platt. Ensemble deep learning for speech recognition. In
Fifteenth Annual Conference of the International Speech Communication
Association, 2014.

M. J. Laan. van der, eric c. polley, and alan e. hubbard. “super learner”.
Statistical Applications in Genetics and Molecular Biology, 6, 2007.

D. Benkeser, C. Ju, S. Lendle, and M. van der Laan. Online cross-
validationbased ensemble learning. Statistics in Medicine, 37(2):249-260, 2018.

M. M. Davies and M. J. Van Der Laan. Optimal spatial prediction using
ensemble machine learning. The International Journal of Biostatistics,
12(1):179-201, 2016.



77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

98

Yong Rui and Thomas Huang. Optimizing learning in image retrieval. In
Proceedings IEEE Conference on Computer Vision and Pattern Recognition.
CVPR 2000 (Cat. No. PR00662), volume 1, pages 236-243. leEE, 2000.

V. Tyagi, (2017). Similarity measures and performance evaluation. In Content-
based image retrieval (pp. 63-83). Springer Singapore.

P. Howarth, & S. Riiger, (2005). Fractional distance measures for content-based
image retrieval. 447-456.

O. Pele, & M. Werman, (2010). The quadratic-chi histogram distance family.
Lecture Notes in Computer Science, 6312 (2), 749-762. Including subseries
Lecture Notes in Artificial Intelligence and Lecture Notes in Bioinformatics.

P.E. Forssén, & D.G. Lowe, (2007). Shape descriptors for maximally stable
extremal regions. Proceedings / IEEE International Conference on Computer
Vision, 0-7.

D.R. Martin, C.C. Fowlkes, & J. Malik, (2004). Learning to detect natural image
boundaries using local brightness, color, and texture cues. IEEE Transactions on
Pattern Analysis and Machine Intelligence, 26(5), 530-549.

M. Varma, & A. Zisserman, (2009). CUReT1. IEEE Transactions on Pattern
Analysis and Machine Intelligence, 31(11), 2032-2047.

M.J. Swain, & D.H. Ballard, (1991). Color indexing. International Journal of
Computer Vision, 7(1), 11-32. https://doi.org/10.1007/BF00130487.

G.N. Lance, & W.T. Williams, (1967). Mixed-data classificatory programs i -
agglomerative systems. Australian Computer Journal, 1(1), 15-20.

H.S. Rui, D.S. Ruger, H. Liu, & Z. Huang, “Dissimilarity measures for content-

based image retrieval,” In 2008 IEEE International Conference on Multimedia
and Expo, Hannover, Germany, 2008, pp. 1365-1368.

S.P. Rana, M. Dey, & P. Siarry, (2019, January). Boosting content based image
retrieval performance through integration of parametric & nonparametric
approaches. Journal of Visual Communication and Image Representation, 58(3),
205-2109.

A. Raza, H. Dawood, H. Dawood, S. Shabbir, R. Mehboob, & A. Banjar (2018).
Correlated primary visual texton histogram features for content base image
retrieval. IEEE Access, 6, 46595-46616.

R. Wang, X. Wang, S. Kwong, C. Xu (2017), Incorporating diversity and
informativeness in multiple-instance active learning. IEEE Trans Fuzzy Syst
25(6):1460-1475.

A. Ponomarev, H.S. Nalamwar, I. Babakov, C.S. Parkhi, & G. Buddhawar,
(2016, February). Content-based image retrieval using color, texture and shape
features. Key Engineering Materials, 685, 872-876.



91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

99

P. Srivastava, & A. Khare, (2017, January). Integration of wavelet transform,
local binary patterns and moments for content-based image retrieval. Journal of
Visual Communication and Image Representation, 42, 78-103.

M. Sajjad, A. Ullah, J. Ahmad, N. Abbas, S. Rho, & S.W. Baik, (2018,
February). Integrating salient colors with rotational invariant texture features for
image representation in retrieval systems. Multimedia Tools and Applications,
77(4), 4769-4789.

L.K. Pavithra, & T. Sree Sharmila, (2019, December). An efficient seed points
selection approach in dominant color descriptors (DCD). Cluster Computing,
22(4), 1225-1240.

R. Ashraf, M. Ahmedm, S. Jabbar, S. Khalid, A. Ahmad, S. Din, & G. Jeon,
(2018, March). Content based image retrieval by using color descriptor and
discrete Wavelet transform. Journal of Medical Systems, 42 (3), 44.

C.E. Jacobs, A. Finkelstein, & D.H. Salesin, “Fast multiresolution image
querying,” in Proceedings of the 22nd annual conference on Computer graphics
and interactive techniques - SIGGRAPH ’95, New York, USA, 1995, pp. 277-
286.

R. Ashraf, M. Ahmed, U. Ahmad, M.A. Habib, S. Jabbar, & K. Naseer, (2020,
April). MDCBIR-MF: Multimedia data for content-based image retrieval by
using multiple features. Multimedia Tools and Applications, 79(13-14), 8553-
8579.

M.K. Alsmadi, (2020, April). Content-based image retrieval using color, shape
and texture descriptors and features. Arabian Journal for Science and
Engineering, 45(4), 3317-3330.

N. Tadi Bani, & S. Fekri-Ershad, (2019, August). Contentbased image retrieval
based on combination of texture and colour information extracted in spatial and
frequency domains. Electronic Library, 37(4), 650-666.

Z. Zhao, Q. Tian, H. Sun, X. Jin, & J. Guo, (2016, January). Content based image
retrieval scheme using color, texture and shape features. International Journal of
Signal Processing Image Processing Pattern Recognition, 9(1), 203-212.

B.S. Phadikar, A. Phadikar, & G.K. Maity, (2018, May). Content-based image
retrieval in DCT compressed domain with MPEG-7 edge descriptor and genetic
algorithm. Pattern Analysis and Applications, 21(2), 469-4809.

Vu Van Hieu, Nghién cizu mét sé ky thugt phan hang trong tra cizu anh dira vao
noi dung, Hoc vien Khoa hoc va Cong nghe-Vien Han lam KH&CN Viet Nam,
(Luan &n tién si, 2017).



102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

100

bao Thi Thuy Quynh, Ndng cao d chinh xac tra cizu anh dya vao ngi dung s
dung ki thudr diéu chinh trong sé ham khodng cach, Hoc vien Khoa hoc va
Cong nghe-Vien Han lam KH&CN Viet Nam, (Luan &n tién si, 2019).

Cu Viet Dung, Nghién cizu phat trién mét sé thudt toan tra cizu dnh dwa vao
khéi nigm muc cao sir dung ky thudt hoc séu, Hoc vien Khoa hoc va Cong nghe-
Vien Han lam KH&CN Viet Nam, (Luén &n tién si, 2022).

D. Tao, X. Tang, X. Li, and X. Wu, Asymmetric bagging and random subspace
for support vector machines-based relevance feedback in image retrieval, IEEE
Transactions on Pattern Analysis and Machine Intelligence, vol. 28, no. 7,
(2007), pp. 1088-1099.

H. Muller, W. Muller, D.M. Squire, S. Marchand-Maillet, T. Pun (2001),
Performance evaluation in content-based image retrieval: overview and
proposals. Pattern recognition letters, 22(5), pp. 593-601.

I.M. Hameed, S.H. Abdulhussain, and B.M. Mahmmaod, Content-based image
retrieval: A review of recent trends. Cogent Engineering, 2021. 8(1): p.
19274609.

Z. Lai, J. Bao, H. Kong, M. Wan, & G. Yang, (2020). Discriminative low-rank
projection for robust subspace learning. International Journal of Machine
Learning and Cybernetics, pages 1-14, 2020.

Huu Quynh Nguyen, Dung Cu Viet, Quynh Dao Thi Thuy. "Semantic class
discriminant projection for image retrieval with relevance feedback.”
Multimedia Tools and Applications 80.10 (2021): 15351-15376.

X. Wang, R. Wang, C. Xu (2018), Discovering the relationship between
generalization and uncertainty by incorporating complexity of classification.
IEEE Trans Cybern 48(2):703-715.

High-dimensional data analysis: the curses and blessings of dimensionality. In:
AMS conference on math challenges of the 21st century, pp 1-33.

M. Kirby and L. Sirovich, “Application of the karhunen-loeve procedure for the

characterization of human faces,” IEEE Transactions on Pattern analysis and
Machine intelligence, vol. 12, no. 1, pp. 103-108, Jan. 1990.

Z. Fan, Y. Xu, and D. Zhang, “Local linear discriminant analysis framework
using sample neighbors,” IEEE Transactions on Neural Networks, vol. 22, no.
7, pp. 1119-1132, Jul. 2011.

X. Fang, Y. Xu, X. Li, Z. Lai, and W. K. Wong, “Learning a nonnegative sparse
graph for linear regression,” IEEE Transactions on Image Processing, vol. 24,
no. 9, pp. 2760-2771, Sep. 2015.



114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

101

Z. Qiao, L. Zhou, and J. Z. Huang, “Sparse linear discriminant analysis with

applications to high dimensional low sample size data,” laeng International
Journal of Applied Mathematics, vol. 39, no. 1, pp. 48-60, Jan. 20009.

Li, Jing, Nigel Allinson, Dacheng Tao, and Xuelong Li. "Multitraining support
vector machine for image retrieval." IEEE Transactions on Image
Processing 15, no. 11 (2006): 3597-3601.

L. Qiao, S. Chen, and X. Tan, “Sparsity preserving projections with applications
to face recognition,” Pattern Recognition, vol. 43, no. 1, pp. 331-341, Jan. 2010.

J. Ye and T. Xiong, “Null space versus orthogonal linear discriminant analysis,”
in International Conference on Machine Learning, Jun. 2006, pp. 1073-1080.

J. Yang, D. Zhang, X. Yong, and J.-y. Yang, “Two- dimensional discriminant
transform for face recognition,” Pattern recognition, vol. 38, no. 7, pp. 1125-
1129, Jul. 2005.

S. Yan, D. Xu, B. Zhang, H.-J. Zhang, Q. Yang, and S. Lin, “Graph embedding
and extensions: A general framework for dimensionality reduction,” IEEE
Transactions on Pattern Analysis and Machine Intelligence, vol. 29, no. 1, pp.
40-51, Jan. 2007.

T. Zhang, D. Tao, and J. Yang, “Discriminative locality alignment,” in
European Conference on Computer Vision, Oct. 2008, pp. 725-738.

Y. Zhou and S. Sun, “Manifold partition discriminant analysis,” IEEE
Transactions on Cybernetics, vol. 47, no. 4, pp. 830-840, 2017.

X. Li, W. Hu, H. Wang, and Z. Zhang, “Linear discriminant analysis using
rotational invariant 11 norm,” Neurocomputing, vol. 73, no. 13-15, pp. 2571-
2579, 2010.

H. Wang, X. Lu, Z. Hu, and W. Zheng, “Fisher discriminant analysis with 11-
norm,” IEEE Transactions on Cybernetics, vol. 44, no. 6, pp. 828-842, Jun. 2014.

L. Clemmensen, T. Hastie, D. Witten, and B. Ersboll, “Sparse discriminant
analysis,” Technometrics, vol. 53, no. 4, pp. 406-413, Apr. 2011.

X. Zhang, D. Chu, and R. C. Tan, “Sparse uncorrelated linear discriminant
analysis for undersampled problems,” IEEE Transactions on Neural Networks
and Learning Systems, vol. 27, no. 7, pp. 1469-1485, 2016.

Z.Li,J. Liu, J. Tang, and H. Lu, “Robust structured subspace learning for data
representation,” |EEE Transactions on Pattern Analysis and Machine
Intelligence, vol. 37, no. 10, pp. 2085-2098, Oct. 2015.

H. Tao, C. Hou, F. Nie, Y. Jiao, and D. Yi, “Effective discriminative feature
selection with nontrivial solution.” IEEE Transactions on Neural Networks and
Learning Systems, vol. 27, no. 4, pp. 796-808, Apr. 2015.



128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

102

M. Dorfer, R. Kelz, and G. Widmer, “Deep linear discriminant analysis,” in
International Conference on Learning Representations, 2015, pp. 1-13.

R.O. Duda, P.E. Hart, and D.G. Stork, Pattern Classification, second ed. Wiley-
Interscience, 2000.

S. Xiang, F. Nie, G. Meng, C. Pan, & C. Zhang, (2012). Discriminative least
squares regression for multiclass classification and feature selection. IEEE
Transactions on Neural Networks and Learning Systems, 23(11), 1738-1754.

H. Zou, T. Hastie, & R. Tibshirani, (2006). Sparse principal component analysis.
Journal of Computational and Graphical Statistics, 15(2), 265-286.

S. Boyd, N. Parikh, E. Chu, B. Peleato, and J. Eckstein, “Distributed
optimization and statistical learning via the alternating direction method of
multipliers,” Foundations and Trends in Machine Learning, vol. 3, no. 1, pp. 1-
122, 2011.

Olivier Chapelle. Training a support vector machine in the primal. Neural
Computation, 19(5):1155-1178, 2007.

T. Deselaers, D. Keysers, and H. Ney, “Features for image retrieval: an
experimental comparison”, Information Retrieval, vol. 11, no. 2, pp. 77-107, 2008.

G. Sumbul, J. Kang, & B. Demir, (2021). Deep learning for image search and
retrieval in large remote sensing archives. Deep Learning for the Earth Sciences:
A Comprehensive Approach to Remote Sensing, Climate Science, and
Geosciences, 150-160.

A. Sharif Razavian, H. Azizpour, J. Sullivan, and S. Carlsson, “Cnn features off-
the-shelf: an astounding baseline for recognition,” in CVPR workshops, 2014,
pp. 806-813.

Y. LeCun, Y. Bengio, and G. Hinton, “Deep learning,” Nature, vol. 521, no.
7553, pp. 436-444, 2015.

F. Amato, A. Lopez, E. M. Pena-Mendez, P. Vanhara, A. Hampl, and J. Havel,
“Artificial neural networks in medical diagnosis,” J Appl Biomed, vol. 11, pp.
47-58, 2013.

J. Chung, C. Gulcehre, K. Cho, and Y. Bengio, “Gated feedback recurrent neural
networks,” in ICML, 2015, pp. 2067-2075.

L. Zheng, Y. Yang, and Q. Tian, “Sift meets cnn: A decade survey of instance
retrieval,” IEEE TPAMI, vol. 40, no. 5, pp. 1224-1244, 2017.

A. Krizhevsky and G.E. Hinton, Using very deep autoencoders for content-
based image retrieval, in ESANN. Citeseer, (2011).



142

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

103

. J. Zhang, S. Shan, M. Kan, X. Chen, Coarse-to-fineauto-encoder networks
(cfan) for real-time face alignment. In: European Conference on Computer
Vision. (2014).

Dubey, Shiv Ram. "A decade survey of content based image etrieval using deep
learning.” IEEE Transactions on Circuits and Systems for Video Technology
32.5 (2021): 2687-2704.

M. Chen, P. Zhou, G. Fortino, “Emotion Communication System,” IEEE
Access, IEEE Access, DOI: 10.1109/ACCESS.2016.2641480, 2016.

Y. Sun, X. Wang, and X. Tang, “Deep learning face representation from
predicting 10,000 classes,” in Proceedings of the IEEE Conference on Computer
Vision and Pattern Recognition, pp. 1891-1898,2014.

C. Farabet, C. Couprie, L. Najman, and Y. LeCun, “Learning hierarchical

features for scene labeling,” IEEE transactions on pattern analysis and machine
intelligence, vol. 35, no. 8, pp. 1915-1929,2013.

H. Su, Z. Yin, S. Huh, T. Kanade, and J. Zhu, “Interactive cell segmentation
based on active and semi-supervised learning,” IEEE transactions on medical
imaging, vol. 35, no. 3, pp. 762-777, 2016.

K. Kamnitsas, C. Ledig, V. Newcombe, S. Joanna, D. Andrew, K. David, R.
Daniel, and G. Ben, “Efficient multi-scale 3D CNN with fully connected CRF

for accurate brain lesion segmentation,” in Medical Image Analysis, vol. 37, pp.
61-78, 2017.

G. E. Hinton, “Training products of experts by minimizing contrastive
divergence,” Neural computation, vol. 14, no. 8,pp.1771-1800,2002.

G. E. Hinton and R. R. Salakhutdinov, “Reducing the dimensionality of data
with neural networks,” Science, vol. 313, no. 5786, pp. 504-507, 2006.

P. Vincent, H. Larochelle, Y. Bengio, and P.-A. Manzagol, “Extracting and
composing robust features with denoising autoencoders,” in ACM Proceedings
of the 25th international conference on Machine learning, pp. 1096-1103, 2008.

D. Kumar, A. Wong, and D. A. Clausi, “Lung nodule classification using deep
features in ct images,” in 12th. IEEE Conference on Computer and Robot Vision
(CRV), pp. 133-138, 2015.

M. Kallenberg, K. Petersen, M. Nielsen, A. Y. Ng, P. Diao, C. Igel, C. M. Vachon,
K. Holland, R. R. Winkel, N. Karssemeijer et al., “Unsupervised deep learning
applied to breast density segmentation and mammographic risk scoring”, |EEE
transactions on medical imaging, vol. 35, no. 5, pp. 1322-1331, 2016.

Q. Li, W. Cai, and D. D. Feng, “Lung image patch classification with automatic
feature learning,” in 2013 35th Annual International Conference of the IEEE
Engineering in Medicine and Biology Society (EMBC), pp. 6079-6082, 2013.



155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165

166

104

Fangxiang Feng, Xiaojie Wang, Ruifan Li, and Ibrar Ahmad. 2015.
Correspondence autoencoders for cross-modal retrieval. ACM Transactions on
Multimedia Computing, Communications, and Applications 12, 1s, Article 26
(Oct. 2015), 22 pages.

Chun Chet Tan. 2008. Autoencoder Neural Networks: A Performance Study
Based on Image Recognition, Reconstruction and Compression. Ph.D.
Dissertation. Multimedia University.

Hao Xue, Like Xue, and Feng Su. 2015. Multimodal music mood classification
by fusion of audio and lyrics. In Proceedings of International Conference on
MultiMedia Modeling. Springer, 26-37.

Minmin Chen, Kilian Q. Weinberger, Fei Sha, and Yoshua Bengio. 2014.
Marginalized denoising auto-encoders for nonlinear representations. In
Proceedings of International Conference on Machine Learning. 1476-1484.

X. Liu, M. Wang, Z.J. Zha, & R. Hong, (2019). Cross-modality feature learning
via convolutional autoencoder. ACM Transactions on Multimedia Computing,
Communications, and Applications (TOMM), 15(1s), 1-20.

D. Tao, X. Tang, X. L1, and Y. Rui, “Direct kernel biased discriminant analysis:
a new content-based image retrieval relevance feedback algorithm”, IEEE
Transactions on Multimedia, Nol. 8, No. 4, pp. 716-727, 2006.

Chen, Yaxiong, Xiaogiang Lu, and Xuelong Li. "Supervised deep hashing with
a joint deep network." Pattern Recognition 105 (2020): 107368.

C. Deng, E. Yang, T. Liu, J. Li, W. Liu, & D. Tao, (2019). Unsupervised
semantic-preserving adversarial hashing for image search. IEEE Transactions
on Image Processing, 28(8), 4032-4044.

Mao, Xiaojiao, Chunhua Shen, and Yu-Bin Yang. "Image restoration using very
deep convolutional encoder-decoder networks with symmetric skip
connections." Advances in neural information processing systems 29 (2016).

Siradjuddin, Indah Agustien, Wrida Adi Wardana, and Mochammad Kautsar
Sophan. "Feature extraction using self-supervised convolutional autoencoder for
content based image retrieval." In 2019 3rd International Conference on
Informatics and Computational Sciences (ICICoS), pp. 1-5. IEEE, 2019.

Pawar, Aashay. "Evaluation of autoencoder for CBIR system in deep learning"
In 2020 IEEE 17th India Council International Conference (INDICON), pp. 1-
4. |IEEE, 2020.

Lu Minh Phuc & Tran Cong An (2017). Tim kiém dnh theo ngi dung va ngir
nghia. Tap chi Khoa hoc, Truong BH Can Tho. So chuyen de: CNTT. tr. 58-64.



105

167 Nguyen Thi Uyen Nhi, Van The Thanh (2021), Mét phwong phdp trich xudt dac
trung cho bai todn tim kiém danh, Tap chi Khoa hoc & cong nghe, Truong Dai
hoc Khoa hoc, Bai hoc Hue, Vol. 18(1), tr. 33-46.

168 Nguyen Thi Huyen, Tran Thi Thu Huyen, Vu Thi Luu (2021). Tim kiém dnh
theo ngi dung dwa trén mang noron tich chdp va phwong phap sinh ma nhj phan.
Tap chi Khoa hoc Nong nghiep Viet Nam, J. Agri. Sci, Vol. 19, No. 4: 497-506.


http://tapchi.vnua.edu.vn/wp-content/uploads/2021/04/tap-chi-so-4.2021.8.pdf
http://tapchi.vnua.edu.vn/wp-content/uploads/2021/04/tap-chi-so-4.2021.8.pdf
http://tapchi.vnua.edu.vn/wp-content/uploads/2021/04/tap-chi-so-4.2021.8.pdf

