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MO DAU
1. Tinh cap thiét ciia dé tai

Co s¢ dit liéu anh ngay cang tré' nén pho bién trong cac linh vuc tng dung
khac nhau nhu y hoc, vién tham, thoi trang, phong chéng t01 pham, xuét ban,
kién triic,... cung véi su bung nd thong tin trén Internet, sy phat trién vuot troi
ctia cac cong nghé k¥ thuat sd va su phd bién rong rii cac thiét bi cong nghé
quay phim, chup anh din dén kho dit liéu anh luu trir va chia sé trén Internet
cling ting 1én nhanh chong. Trong thap ky qua DOMO' thong ké dit liéu cua
thé gidi, cho thiy sy gia ting dang ké trong hoat dong trén internet, tir Instagram
va X dén Amazon. Tir nam 2013 dén 2024 s ngudi dung Internet phat trién tir
2.1 ty ngudi dén 5.52 ty ngudi cung voi d6 sd luong dir 1iéu anh khong 16 da
dugc tai 1én internet. Mot s6 co so dit lidu anh khong 16 dién hinh nhu
Facebook, YouTube, Google,... rat 16n va da dang da thuc déy sy quan tam
nghién ctru cadc phuong phép khai thac hi€u qua co s¢ dir liéu anh 16n nay. bay
1a mot thach thac cho viée to chire va tim kiém anh theo cach truyén thong. Do
do, tra ctru hinh anh tuong tu tir cac tap dir liéu anh 16n 1a mot bai toan quan
trong trong linh vuc thi gidc may tinh [1]. Cac két qua khao sat va du bao cua
cac nghién ctru gan day cho thdy viéc tra ctru cac hinh anh lién quan voi yéu
cau ngudi dung 13 bai toan phu hop véi nhu cau xa hoi hién dai.

Dé giai quyét bai toan tra ctru dit liéu anh, di c6 nhiéu hé thdng tra ctru
anh dya trén noi dung (Content-Based Image Retrieval — CBIR) duoc phat trién
nhu QBIC, Photobook, Visual-Seek, MARS, El Nino, CIRES, PicSOM,
PicHunter, MIRROR, Virage, Netra, SIMPLITcity... [2], [3], tuy nhién cac h¢
théng thong nay ciing chua dap tmg dugc ky vong ctia nguoi dung. Cac cong

ty cong ngh¢ 16n nhu Google, Facebook, Taobao, Bing, ByteDance... c6 riéng

! https://www.domo.com/learn/infographic/data-never-sleeps-12



cac nhom nghién ctru cac ing dung vé tra ctru anh dé phuc vu cho muc dich
thuong mai.
1.1. Tra ciru 4nh dua trén ngi dung

K¥ thuat tra ctru anh dua trén ndi1 dung da duoc phat trién dé tim kiém céc
hinh anh c6 lién quan tir co s& dir liéu dya trén ddi tuong hodc ndi dung cua
hinh anh dau vao. bay 1a mot bai toan dugc ap dung rong rai trong linh vuc thi
giac may tinh va mang lai hiéu qua kinh té trong nhiéu ting dung, chang han
nhu: tim kiém khudn mait, vén tay, hinh anh y té, k¥ thuat hinh su, thuong mai
dién tir va nhiéu Gmg dung khac.

Céc hé théng CBIR c6 d6 chinh xac phu thudc vao hai yéu td: (1) Cac dic
trung biéu dién ndi dung anh; (2) Cac phuong phap tra ctru va xép hang theo
anh truy van.

Céc yéu td nay tuong tmg véi 2 pha cua hé thong CBIR: & pha ngoai tuyén
(offline) 1a trich rt cac dic trung anh trong co so dir lidu dé tim ra mot biéu
dién phu hop duéi dang vecto dic trung d chiéu; & pha truc tuyén (online) 1a
so khép vector dic trung anh truy van véi co s dir liéu vector dic trung anh,
sap xép thir hang cac anh c6 do twong tu cao nhat (hoic 1a sap xép tha tu anh
theo thir tu tir thip dén cao ctia 6 do “khong twong tu” nhu cac do do khoang
cach) va sau d6 tra vé tap anh két qua.

Cac dic trung dwoc sir dung dé biéu dién ndi dung anh: Trich rat dic
trung va biéu dién anh trong pha ngoai tuyén 13 giai doan co ban va quan trong
trong cac hé théng CBIR. Zheng va cac cong su [1] d3 chi ra néu anh duoc biéu
dién boi cac dic trung “tot” c6 thé giup cai thién do chinh xac cua tim kiém
tuong tu 1én td1 51,3%. Trong nhiéu thap ky qua, mot loat cac ky thuat trich rat
dic trung duoc dé xudt va nghién ctru dé tim ra cac biéu dién hinh anh phong
phu va ddy da hon vé mat ngit nghia, nhung nd van con 1a mot thach thirc to

16n trong cac tmg dung CBIR. Dé thu hep khoang cach ngir nghia [3], viéc st



dung mang hoc sau dé trich xuat dic trung anh di mang lai hiéu qua dang ké.
Trong nhitng ndm gan day, voi sy phat trién manh mé cua mang hoc sau (Deep
Learning - DL) [3], cac hé théng CBIR dua trén hoc sau di dugc trién khai va
dat dugc hiéu qua cao [4, 5]. Cac mang CNN nhu VGG, ResNet, Inception va
EfficientNet dé trich xuit dic trung biéu dién anh da dem lai hiéu suit dang ké
cho cac hé thong CBIR [15, 16, 17]. Bdi véi cac dic trung CNN, trong cong
trinh [12] cac tac gia da trinh bay mot phan tich va thir nghiém vé bo dir lidu
ImageNet, tir d6 cac tac gia chi ra rang hai biéu dién dic trung fc4096a va
fc4096b, dugc trich xuat tir 16p thir nhat va 16p thir hai cua AlexNet c6 tinh khai
quat t6t hon kha niang hon cac dic trung khac cia CNN va mang lai hiéu suét
cao cho tra ctru anh.

Cac phuong phap tra ciru va xép hang anh: Cac hé théng tra ctru anh
st dung cac d6 do twong tu hiéu qua dé so khép cac dic trung ndi dung cua anh
truy van véi dac trung cé trong co so dir liéu hinh anh. Ngay véi ca nhimg dic
trung "t6t" thi cac do do twong ty van dong vai trd quan trong dé ting dugc do
chinh x4c. Trong cac nghién ctru [6, 7, 8] cho thiy, cac hé théng CBIR sir dung
cac dic trung CNN déu dung d6 do khoang cach “truyén thong” (vi du: Khoang
cach Euclide) dé danh gia su gidng nhau cua hai hinh anh dan dén hiéu suit cua
tim kiém d¢ twong tu khong nhu mong mudn [9]. Cac d6 do truyén thdng chi
nam bat duoc sy twong dong gitta hai hinh anh & mirc cuc bo ma khong xem
xét d0 tuong tu gitta mot nhom cac hinh anh tuong tu & muc toan cuc. Ngoai
ra, can nhan manh rr;“lng cac ky thuat xép hang dua trén cAu trac ndi tai cia co
so dit liéu anh cling rat quan trong trong qua trinh tra ctru va xép hang anh. Viéc
st dung k¥ thuat xép hang dua trén cu trac ndi tai cia CSDL giup phan loai
va xép hang cac anh dya trén mtrc d§ tuong tu va khong tuong tuy véi anh truy
van. Bang cach uu tién cac két qua tim kiém sao cho anh c6 d6 twong tu cao
v6i anh truy van dugc hién thi dau tién, k¥ thuat xép hang dua trén cau trac ndi

tai cia CSDL cai thién tinh toan ven va kha ning phan loai cua hé thong tra



ctru anh. Piéu nay gitp dam bao két qua tra vé chinh xac va phu hop véi yéu
cau cta ngudi dung trong qua trinh tim kiém anh.
1.2. Tra ctru anh, xép hang twong tw anh va xép hang da tap.

Trong cac hé théng CBIR, dé udc luong do twong dong giira hai vector
dic trung (biéu dién hai hinh anh can dbi sanh), cac k¥ thuat udc luong vé do
tuong tu, vé khoang cach va xép hang da tap dugc sir dung.

Cac hé théng tra ctru anh thuong su dung cac d6 do tuong tu hodc do do
khong tuwong tu (nhu d6 do khoang cach) dé so sanh cac dic trung ndi dung cia
anh truy van véi cac dic trung cé trong co sd dir liéu hinh anh. Ngay ca khi st
dung céac dic trung c6 do phan biét anh cao, cac do do tuong tu van dong vai
trd quan trong dé nang cao d6 chinh xac. Tuy nhién, trong nghién ctru da chi ra
rang cac hé thong CBIR st dung cac dic trung CNN thudng st dung cac d6 do
khoang cach "truyén théng”, cac do do truyén thong thuong chi phan anh sy
tuong dong giira hai hinh anh & mirc cuc bd ma khéng xem xét su twong tu giira
mot nhom céc hinh anh tuwong ty & muc toan cuc nhu khoang cach Euclid dé
danh gia su twong ty gitra hai hinh anh, va diéu nay thuong din dén hiéu suét
tra ciru anh khong nhu mong doi [18 - 21]

Pé khic phuc nhimg han ché nay va dé khdm phé ciu trac phi tuyén caa
dir liéu dic trung anh, cac phuong phap xép hang da tap trong CBIR da dugc
dé xuét [22, 23]. Phuong phap xép hang da tap (Manifold Ranking-MR) nham
kham pha cdu trac phi tuyén cua dit liéu bang cach xem xét cac mau dir lidu
trén nhiéu khong gian con khac nhau [21,22,24]. Trong cac nghién ctru [36, 47-
50] da chtimg minh duoc hiéu qua ciia MR trong CBIR véi biéu dién anh bang két
hop céac dic trung muc thip va MR duoc coi 13 mot phuong phap hiéu qua dé
nam bat sy twong dong khong nhitng & cuc bd giira cac cip diém dir liéu ma
con dua trén ciu tric téng thé cua toan bo dit liéu. Thay vi chi xem xét 4o tuong

tu gitra tung cap diém dix liéu, MR xem xét toan bd khong gian dir liéu dé dua



ra diém sb xép hang. Diéu nay gitip xép hang cac mau dit liéu theo mot cach co
¥ nghia hon, dya trén mc d6 lién quan ngir nghia téng thé, diéu nay rat hitu
ich trong cac tng dung nhu tim kiém dya trén ndi dung, noi ma muyc dich 13 tim
ra cac mau dit liéu co lién quan ngir nghia cao.

Do kha ning da dang ctia MR, trong nhirng nim gan day phuong phap nay
duogc Gmg dung trong cho nhiéu linh vic nhu tai nhan dang nguoi [91], tim kiém
su tuong dé)ng cua tai liéu [92], xac dinh mbi quan h¢ hoa hoc dinh lugng [93],
phat phét hién diém ndi trdi trong anh va tra ctru anh [79, 94, 95]. C6 nhiéu
phuong phéap xép hang da tap trong CBIR, nhu Tra ctru 4nh dya vao ndi dung
v6i xép hang da tap nhanh (Fast Manifold-Ranking for Content-Based Image
Retrieval - FMR) [25], Tra ctru anh dua vao xép hang da tap mé rong (Scaling
Manifold Ranking Based Image Retrieval - SMR) [26], tra cru anh voi xép
hang da tap hi¢u qua (Efficient Manifold Ranking for Image Retrieval - EMR)
[42], tra ctru anh dua vao ndi dung véi mo hinh xép hang dya trén dd thi mo
rong (EMR: A Scalable Graph-Based Ranking Model for Content-Based Image
Retrieval) [36], Tang cudng phan hdi lién quan dai han trong CBIR vdi tdi uu
hoa mo rong dd thi con (SGR - A scalable sub-graph regularization for efficient
content based image retrieval with long-term relevance feedback enhancement)
[39]... Trong dd, tra ctru anh véi xép hang da tap hiéu qua 1a phuong phap xép
hang da tap hiéu qua dugc Bin Xu va cic cong su dé xuat [42]. Phuong phap nay
tap trung giai quyét hai van dé chinh:

1- Xay dyng d thi neo c6 kha ning mé rong thay cho do thi K-NN truyén
thong.

2- Xay dung mé hinh tinh toan xép hang hiéu qua, c6 chi phi tinh toan nho
bang céach thiét ké hinh thirc méi ciia ma tran ké dé c6 thé xur 1y tra ctru theo thoi
gian thuc trén CSDL 16n.

Trong [122, 128] céc tac gia da st dung cach két hop nhiéu bo dic trung
khac nhau nhu dac trung murc thép (Color, Shape, GIST, Texture, LBP) va dac



trung CNN (EfficientNET), sau d6 str dung xép hang da tap trén cac bd dac
trung két hop (tuyén tinh) thanh mot xép hang EMR cho bo véc to dic trung
v6i s6 chiéu rat cao (>2048). Cac phuwong phap nay cha yéu tap trung vao viéc
st dung nhiéu dic trung anh trong xép hang EMR dé cai thién hiéu qua tra ctru
anh. Mac du cach tiép can nay kha hi¢u qua, nhung do chi str dung mot bo xép
hang duy nhat, chung vn ton tai mot s6 han ché. Cu thé, phuong phéap nay chua
khai thac t6i da vu diém cua ting loai dac trung anh, thiéu sy linh hoat trong
viéc diéu chinh tham s6 dé nang cao do chinh xac xép hang, dong thoi lam ting
d6 phuc tap tinh toan do véc to dic trung c6 s6 chiéu rat 1on.

Pé lam rd hon ndi dung van dé nghién ctru, luan &n moé hinh hoa va dinh
vi vin d¢, viing nghién ctru trong CBIR cho cac dé xuat ctia luan an trong Hinh

0.1 dugc mo ta nhu sau:
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Hinh 0.1: Dinh vi ving nghién ciru trong CBIR cua luin an
1.3. Két luin khio sat va dé xuit hwéng nghién ciru

EMR mic du 1a mot phwong phap manh m&, nhung van ton tai cac van dé

nhu sau:



1) Tinh toan cham véi s6 lugng diém neo (anchor) 16n.

EMR can sir dung cac diém tham chiéu, dugc goi 1a anchor, dé tinh toan
do tuong tu gitra cac hinh anh. Vi cac co s¢ dir li€u hinh anh 16n, vi¢c st dung
nhiéu anchor ¢6 thé dan dén hi€u suat tinh toan kém. Cac phép toan ma tran
trén cadc ma tran lon c6 thé doi héi nhi€u thoi gian va tai nguyén tinh toan.

2) C6 han ché khi thém anh méi vao co sé dir ligu.

EMR yéu cu xay dung lai m6 hinh hodc tinh todn lai cac ma tran xac dinh
d6 thi ké du ¢ thé van gitt nguyén tap diém neo khi thém anh méi vao co s
dir liéu. Piéu nay c6 thé 1a mot qua trinh ton thoi gian va tai nguyén, dic biét
1a trong cac hé théng quan 1y co s dit liéu dong hodc cAn md rong.

3) Han ché trong viéc xac dinh d6 tuong tu vo1 dnh ngoai co sé dir liéu.

EMR chi cho phép tinh toan do tuong tu giira anh truy van va céc anh
trong co s& dit liéu. Piéu nay dong nghia voi viéc khong thé xac dinh d6 twong
tu gitra hai anh ndm ngoai co s& dit liéu. Vi vdy viéc ung dung ciia phuong
phap ndy trong cac tac vu lién quan dén phat hién va phan loai hinh anh trong

thuc té con han ché.

Ban dau, EMR duoc phat trién dé thuc hién nhiém vu trong moi truong
khong giam sat, c6 nghia 12 khong can c6 dit liéu nhin vé mirc d6 tuong tu gitra
cac cap hinh anh trong co s¢ dit liéu. EMR sir dung thong tin co ban vé mirc do
tuong dong gitra cac hinh anh dé xép hang ching theo mét thir tu. Tuy nhién,
dé c6 thé xu 1y hiéu qua cac tinh hudng phirc tap hon, nhu xac dinh d6 twong
tur gitta cac hinh anh khéng c6 trong co s& dit liéu, chiing ta can phai tan dung
stc manh cua hoc may. Hoc ban gidm sat dua trén gia tri xép hang cua EMR
st dung cac mo hinh hoc may, thuong 1a cdc mang no-ron sau hodc cac thuat
toan hoc may tién tién, dé tu dong xac dinh do tuong tu gitra cac cdp hinh anh.

Mo hinh nay s& sir dung thong tin tir EMR, nhu céc gia tri xép hang di dugc



tao ra, dé lam dit liéu dau vao cho qué trinh hoc va cai thién kha nang xac dinh
d6 twong tu. Khi két hop EMR va hoc ban giam sat duva trén gia tri xép hang
cua EMR, chung ta c6 kha nang mé rong img dung cua EMR. Ching ta khong
chi str dung EMR dé tim kiém hinh anh trong co s dit liéu, ma con dé danh gia
d6 tuong tu voi cac hinh anh khong c6 trong co sd dir liéu. Diéu nay mang lai
su linh hoat va kha ning tiiy chinh dé giai quyét cac tinh huéng phtrc tap hon

trong linh vyc xtr 1y hinh anh va truy van di liéu.

Duya trén nhiing phén tich tong quan vé CBIR, c6 thé nhan dinh rang day
14 mot cong nghé quan trong va can thiét trong bdi canh dir liéu hinh anh ngay
cang gia ting. Nhitng nghién ctru mé&i nhat, dic biét 1a viéc ing dung xép hang
da tap hiéu qua trong CBIR, d& mé ra nhiéu hudéng di méi, gitp cai thién do
chinh x4c va hiéu sut tra ctru anh. Tuy nhién, van con nhiéu thach thic khi st
dung EMR, nhu: d6 phirc tap trong viéc xay dung md hinh, yéu cau tai nguyén
tinh toan cao va khé khan trong viéc so sanh do tuong tu vdi nhitng hinh dnh
nam ngoai CSDL. Pé giai quyét mot phan cac han ché nay, luin an da chon dé
tai - Két hop xép hang da tap va hoc d¢ do twong tw cho tra citu anh.

2. Muc tiéu cta luan an

Muc tiéu chung ciia ludn 4n: Nang cao hiéu qua tra cru anh dya trén két
hop xép hang da tap va tiép can hoc do do tuong tu.

Muc tiéu cu thé ciia luéin an:

Nghién ciru, dé xuat mot sb giai phap nang cao do chinh xac tra ctru anh
dua trén ndi dung theo tiép can xép hang da tap bao gom:

- Nghién ctru thuat toan xép hang da tap hiéu qua, dé xuat két hop nhiéu bo
xép hang hinh anh theo dic trung mirc thip voi xép hang cua hinh anh dic trung
mtuc cao.

- Nghién ctru, dé xuat xdy dung do do tuong tu anh theo tiép can hoc ban

gidm sat cac gia tr1 xép hang EMR dé giai quyét viéc anh tra clru nam ngoai co



so dir ligu.
3. Poi twong nghién ctru ciia luin 4n

Luan 4n tap trung vao nghién ctru va tim hiéu mét s6 doi twong lién quan
dén tra ctru anh nhur:

- Tong quan vé Tra ctru anh dya vao ndi dung.

- K§ thuat biéu dién anh véi dic trung mue thap, dic trung muc cao gdbm
dac trung véc to nhung, dac trung CNN.

- Xép hang da tap trong tra ciru anh dua vao noi dung.

- Cac ky thuat hoc may, hoc ban giam sat cac gia tri xép hang EMR.

- Mo6i truong thuc nghi€m, tap dir li¢u anh thuc nghiém va phuong phéap
danh gia do chinh xac.
4. Pham vi nghién ciru

Trong luan 4n nay, pham vi nghién ctru bao gom:

- Nghién ctru thuat toan xép hang da tap trong tra ctru anh dwa vao noi
dung.

- Nghién ctru phwong phép td hop xép hang da tap hiéu qua két hop nhiéu
bd xép hang hinh anh theo dic trung muc thip v6i xép hang ctia hinh anh dic
trung muc cao (dac trung véc to nhiing, dac trung CNN).

- Nghién ctru phuong phap nang cao hiéu qua tra ctru anh bang cach xay
dung do do twong tu anh theo tiép cin hoc ban giam sat cac gia tri xép hang
EMR. Pé xuit k¥ thuat do d6 twong ty anh EMR Learning dé giai quyét viéc
anh tra ctru nam ngoai co s dir lidu.

- Trong pham vi ctia luan an chi tap trung nang cao chat lugng tra ctru vé
dd chinh xac, cac van dé vé thoi gian cho mot truy van cling dugc xem xét &

khia canh c6 thé chap nhan duoc.



5. Cac dong gop cua luan an

Nham muyc tiéu nang cao do chinh xac cia tra ctru anh sir dung phuong
hoc dg do tuong tu, luan an c6 cac dong gop sau:

(1) Nghién ctru phuwong phap td hop cac bd xép hang da tap hiéu qua, dé
xuat thudt toan COEMR két hop nhiéu b xép hang hinh anh theo dic trung muc
thap, xép hang ctia hinh anh dic trung miic cao [CT1, CT2, CT3, CT4]. Pé xuit
phuong phap str dung truy van nhiéu anh trén CBIR [CTS].

Gia st rang tap dit liéu goc co chira cac hinh anh, mdi hinh anh c6 mot véc
to nhiing duy nhat tuong (mg vé6i dbi tuong 16n nhat duge xac dinh boi Deep
Metric Learning (DML) [128], duoc biéu thi twong tng {1y, I,, I5...}. Tuy thudc
vao gia tri cua I, luan an chon Xép hang hinh anh theo dac trung muc thép rf}'v'Q
hoic két hop voi xép hang cua hinh anh dic trung mirc cao (trich rat tir mang
CNN), trong d6 17 g ;> Temp.g.i dugc tinh bang EMR. Sau d6 tién hanh danh gia
trén mot s6 bo dir liéu phd bién nhu Corel, VGG60k, Leaf30, Sign300HD... va
so sanh voi mot sd phuong phap xép hang dya trén d thi khac nhu AGR, SGR...
dé chirg minh hiéu qua cua thuét toan dé xuat.

(2) Nghién ctru phuong phap nang cao hiéu qua tra ctru 4nh bang cach xay
dung do do tuong ty anh theo tiép can hoc ban giam sat cac gia tri xép hang
EMR. Bé xuit thuit toan do d6 twrong tu anh EMR Learning dé giai quyét viéc
anh tra ciru nam ngoai co s¢ dir liéu [CTS5, CT6, CT7] gém cac ndi dung:

- Chuan hoa dic trung ctia anh truy van va cac anh trong CSDL sau d6 tién

hanh xép hang cac EMR. Song song véi d6 tao ra tap véc to sai khac lam

dau vao cho md hinh hoc héi quy.

- Xay dung mo hinh EMR Learning bang hdi quy SVM hoic Random
Forest...

- V6i cap anh dau vao I, I, trich chon dic trung anh, chuén hoa cac véc to

tuong tmg Vi, V, dua vao mo hinh EMR Learning thu dugc xép hang ry; -
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Chinh 1a gia tri d0 tuong tu cua cap anh I, I,.

Sau d6 tién hanh danh gia trén mot s6 bo dit litu phé) bién nhu Corel,
VGG60k, Leaf, Sign300HD... va so sanh v6i mot s phuong phap hoc d6 do
khoang cach khac nhu NCA, CMML dé chimg minh hiéu qua cta thuat toan dé
XUAt.

6. Bo cuc ciia luin 4n

Luan 4n duoc t6 chirc thanh ba chuong:

Chuong 1: Tra ctu anh dya trén ndi dung (CBIR).

Trong chuong ndy gidi thiéu tong quan vé tra ctru anh dua vao ndi dung,
trinh bay hoc do do khoang cach, do do tuong tu, tap dir li€u anh thyc nghiém
va cach thirc danh gia d6 chinh xac cua hé thong tra ctru anh.

Chuong 2: Phuong phap tra ctru anh st dung thuét toan két hop nhiéu bo
xép hang da tap hiéu qua.

Trong chuong nay, luan an dé xuit phuong phap két hop nhiéu bo xép
hang EMR (CoEMR), danh gia hiéu qua cua thuat toan CoOEMR dé xuat trén
mot sb tap dir liéu c6 dang “da tap” voi cac chi s6 khac nhau. Trong Chuong 2,
luan 4n ciing tién hanh thuc nghiém va dua ra két qua khi tra ctru anh bang hé
thong CBIR str dung CoEMR trén cac tap dir lieu VGG60K, Leaf30, Corel,
SIGN300HD...

Ngoai ra, trong Chuong 2 luan 4n ciing dé xuat phuong phap truy van
nhiéu anh trén CBIR 1am 13 tinh hiéu qua ciia phuong phap két hop cac xép
hang EMR trong CBIR.

Chuong 3: Xay dung d6 do tuong ty anh theo tiép can hoc ban giam sat
cac gia tri xép hang EMR.

Trong chuong 3, ludn an dé xuat phuong phap xay dung do do tuong tu
anh theo tiép can hoc ban giam st cac gia tri xép hang EMR (EMR Learning).
Xay dung qua 3 budc danh gia:

11



Budc 1: Xay dung do do tuong ty EMR

Budc 2: Hoc dg do tuong ty EMR Learning

Budc 3: Tinh toédn dg tuong tu anh

Thuc hién danh gia hi¢u qua cua thuat toAn EMR Learning trén cac tap dir
liéu va so sanh v&i mot sb phuwong phap hoc d6 do khoang cach khac nhu NCA,
CMML... Ngoai ra, luan an ciing dé xuat phuong phap sir dung EMR cii tién
cho nhan dang nhan [CT5-CT7] nhdm giai quyét van dé danh gia mtrc do twong
tu gitra hai 4nh dau vao.

Cubi cung, luan 4n dua ra mot s6 dé xuat va dinh hudng nghién ciru trong

tuong lai.
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CHUONG 1: TRA CUU ANH DUA TREN NOI DUNG

1.1 Gi6i thiéu vé tra ctru anh dua trén ndi dung

Tra ctru anh dua vao ndi dung (CBIR - Content based image retrieval)
[2,10] thu hut rat nhiéu sy cha ¥ tur cac nha nghién ctru va dugc st dung nhiéu
trong cong nghiép, thuong mai trong nhiing nim qua do nhiéu tmg dung hitu
ich ctia nd. Céc thuat todn tra ctru anh thuong xay dung céc d6 do twong tu toan
cuc gilta cac vector dac trung biéu dién dbi tuong anh ddi sanh véi toan bod
vector dac trung trong CSDL.

"""""""" -
\_//

1;:;2'1 :l:ll:?n CSDL véc to
CSDL énh ) ¢ s nng

_________________

M
A Trich chon Véc to dac trung
Anh — b 0 il r
tra ciru dic trung anh tra ciru

Xép hang anh ¢ So sanh
twong tw d0 twong tw anh

Tap anh két qua

Hinh 1.1: Hé thong tra ctru anh CBIR truyén théng

Hé thong tra ctru anh CBIR nhu Hinh 1.1 14 k§y thuat tra cru anh duoc sur
dung dé tim ra tap cac anh tuong tu nhat ddi véi anh truy van ma ngudi dung
dua vao. Mot hé théng CBIR tiéu biéu duoc chia thanh hai pha: trich rat dac
trung ngoai tuyén va pha tra ctru anh tryc tuyén. Trong pha ngoai tuyén, hé thong
trich rat tu dong cac thudc tinh truc quan & mirc thap (LF) hodc dic trung muc
cao (HF) hodc céc loai dic trung duoc két hop v6i nhau. Trong pha tra ctru anh
tryc tuyén, ngudi ding cung cap mot anh mau cho hé thong tra ctru dé tim kiém

cac anh mong muon (& day, d dai véc to dic trung cua anh tra ctru c6 cung do
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dai véi véc to didc trung cua anh CSDL. Bé tra 10i tra ctru, hé théng CBIR tim
trong CSDL anh dé dua ra nhitng anh twong tu véi anh truy van (nhu mo ta trong
Hinh 1.2). Cudi cung hé thdng xép hang cac anh theo thir ty ting dan ctia khoang

cach hay giam dan cua do twong tu va tra vé tap anh két qua cho ngudi dung.

fes|fez | i

Hinh 1.2. Minh hoa ddi sanh trong CBIR

Giao dién triuc quan cho hé théng CBIR truyén thong nhu Hinh 1.3. Trong
hinh ndy ngudi dung cung cip cho hé thdng anh tra ctru 1a hinh anh cta mot 14
cay tao khoe manh, sau d6 ching ta thu dugc két qua tra vé bao gdm 20 anh.

Lya chon

‘ Chen tép dir ligu ‘

Cung cap anh truy van

Chon anh

Tra ciru anh
S6 hrgng anh muén tra e 20 -

Tra ciru

Hinh 1.3. Giao dién hé thong CBIR truyén thong
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Thong thudng trong cac hé théng CBIR truyén thong mot sé dic trung
dugc trich rat va thuong st dung nhu dac trung mau sic, két cAu, hinh dang
(vang va duong vién).... Cac dic trung ndy thudng dugc chia thanh hai nhom:
thtr nhat, nhoém dic trung toan cuc mo ta toan bd hinh anh, nhom con lai la dac
trung cuc by, ma chia anh thanh cac vung nho hon.

1.2 Dac trung anh

Pac trung anh 1a cac thude tinh dugc trich rat ra tor d&nh dya trén phan
phéi cau trac, dbi twong co trong anh, tir 46 tong hop céc dit liéu riéng 1é dé xac
dinh thong tin c6 thé do ludng dugc khi quan sat, phan tich tinh hudng tir dix
liéu hinh anh. Phuong phép trich rt dic trung va biéu dién dic trung dé the
hién mot cach riéng biét va doc 1ap 1a yéu cau quan trong va quyét dinh mirc
d6 thanh cong ctia cac phuong phap nhan dang mau, hoc mdy, phan loai hay
trong tra ctru anh. ..

Trong [11] trich rat dic trung anh duoc hiéu 12 qua trinh bién d6i dir licu
anh tho ban dau quan sat duoc thanh cac tin hiéu hodc dit liéu c6 nhiéu thong
tin hon dé biéu dién va xir Iy hiéu qua hon so véi dir liéu anh thd ban dau, mang
dugc nhiéu ¥ nghia, giir lai nhitng théng tin quan trong phuc vu cho viéc phan
tich va xur Iy ngilr nghia hon. Trich rt dac trung cho phép anh xa anh tir khong
gian anh sang khong gian dic trung. Hi¢u qua tra ctu anh phu thudc vao kha
nang mo ta ndi dung anh cho cac tng dung cu thé. Khong ton tai cach biéu dién
t6t nhat cho cac dic trung thi gidc vi mdi dic trung c6 thé c6 nhiéu cach biéu
dién theo cac ngit canh khac nhau. Chfmg han, dac trung mau co thé duoc biéu
dién boi biéu dd mau va md men mau; dic trung hinh dang c6 thé biéu dién boi
biéu dd hé sb gbc va GIST; dac trung két c4u co thé biéu dién boi ma nhi phan
cuc bo va bién d6i wavelet.

Trong thuc té, do anh dau vao co thé dugc thu nhan va s hoa trong cac

diéu kién khéac nhau (4nh sang, moéi truong, goc thu nhén,...) nén cac dac trung
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trich rat thuodng thoéa man mot sd tinh chat bat bién nhu: Bat bién véi phép ti 16
(scale invariance); bat bién v&i phép xoay (rotation invariance); bat bién véi
anh sang (intensity invariance); giau thong tin; tinh chinh xac (accuracy); hi¢u
qua (efficiency); bén vitng véi nhiéu,... Mot thuat toan (hay ky thuat) dung dé
trich rat cac dac trung anh dugc goi 1a bd trich rat dac trung (feature extraction).

C6 nhiéu phuong phép trich rat cac dic trung trong CBIR khéng chi dua
trén toan by anh ma thong qua cac vung duoc tach ra tir dnh. Sharif va cong su
[12] dé xuit mot hé théng CBIR phu thudc vao viéc hop nhét cac tir tryc quan
(visual words) ma dugc tao ra tor diac trung SIFT (scale invariant feature
transform) va BRISK (binary robust invariant scalable keypoints). Yousuf va
cong su [13] thuc hién mdt hé théng CBIR duya trén SFIT va LIOP (local
intensity order pattern). LIOP da duoc sir dung dé khic phuc han ché caa SIFT
trong viéc thay d6i anh sang va cac ving c6 do twong phan thip. Viéc sir dung
dic trung SIFT trong CBIR cho hiéu qua kém khi sb chiéu dic trung SIFT 1a
rat 16n. Herbert va cong su [14] dé xuét dic trung SURF (speededup robust
features) 1a mot bo mo ta cuc bd manh khac ma vugt qua gidgi han vé sb chiéu
cao ciia SIFT. SURF nhanh va manh hon SIFT vi né yéu cau it thoi gian dé tinh
toan va dbi sanh cac anh thong qua st dung co ché danh chi sé dya trén tin hiéu
Laplacian. Jabeen va cong su [15] dé xuit mot hé théng CBIR méi dua trén
viéc két hop hai bo mo ta SURF, FREAK (fast retina key point) dé tao thanh
cac tu truc quan trén co s¢ cuia BoVW. Sau do, phan cum K-means duoc ap
dung trén cac tur tryc quan do dé tinh toan mot lwgce dd cho cac tir ciia mdi anh.
1.2.1 Pic trung mirc thip ciia dnh

Dac trung mau sac

bac trung mau sac dugc rat nhiéu hé thong tim ki€ém hinh anh dya trén
ndi dung nghién ctru va str dung. Pac trung mau sac 6n dinh va hau nhu khong

bi anh huong bai viée dich chuyén, ty 1¢ va xoay hinh anh. Pong thoi, mau sic
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c6 quan h¢ vdi cac doi tuong anh, nén, cho biét su thay doi trong vi tri, thoi
gian... Cac biéu dién mau pho bién 13 luoc 6 mau, mdé men mau, twong quan
mau va ma tran dong hién mau.

Tuy muc dich ciia phuong phap truy van, cac nhom nghién ctru cé thé sir
dung cac khong gian mau khac nhau nhu phuong phap str dung khong gian mau
YCbCr véi biéu d6 canh Canny va bién d6i Wavelet roi rac [16], phuong phép
stt dung biéu d6 chénh léch mau CDH (Color Difference Histogram) trong
khong gian mau HSV [17],... Biéu d6 mau (Color Histogram) [18] 13 sy mo ta
su bién d6i mau sic trong mot anh. Biéu d6 mau cta anh bat bién véi hudng va
chi thay d6i dan theo géc nhin. Tuy nhién, biéu d6 mau khong nim bit dugc
moi quan hé khong gian cta cac ving mau va kha nang phan biét bi gidi han.
Do d6, mé men mau dugc sir dung do 1éch chuin va gia tri trung binh cua céc

phan phéi trong mdi dai mau cho muc dich 14p chi muc mau trong cac tmg dung

tra cru anh dé so sanh sy giong nhau vé mau sac gitra hai anh giong nhau [19,

20].

Hinh 1.4: M6 ta biéu d6 mau ctia anh

Pic trung két cau

Két ciu 1a mot dic trung anh quan trong dé mo ta cac thudc tinh bé mat
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ctia mot d6i tuong nhu do min, do tho, do sau, ... va mbi quan h¢ cua no6 voi
cac ving xung quanh nhu sy thay ddi do sang cuc bo trong mot ving 1an cén,
su sap xép khong gian ctia cdc mirc xam,... [21]. Nhiéu phuong phéap tim kiém
anh theo ndi dung (CBIR) dya trén két cdu dugc dé xuat. K§ thuat phan tich
két cau thdng ké chu yéu mo ta két cau cua cac ving trong anh dyua vao biéu do
muc xam [21]. Ma tran dong xuit hién mac xam GLCM (Gray-level co-
occurrence matrix) 1a mot trong nhimg k¥ thuat duoc nhiéu nhém nghién ctru
str dung dé phan tich két cdu hinh anh [22]. Bén canh d6, biéu d6 dinh hudng
Gradient HOG (Histograms of Oriented Gradients) va mau nhi phan cuc bd
LBP (Local Binary Patterns) [23] 14 hai bd m6 ta két ciu v6i s6 chiéu nho duoc
str dung pho bién trong trich xuét dic trung. Cac phuong phép tiép can cau tric
nhim xac dinh két cdu nguyén thuy va cac quy tic sip xép nhu phat hién bién
vo1 LoG (Laplacian of Gaussian) hay DoG (Difference of Gaussian) [24],...
nham phéan doan hinh anh. Cac phuwong phap tiép can theo cau trac thuong dugc
st dung cho céc két cAu théng thudng vi tinh déu dan, 1ip lai dinh ky trong két
cAu voi mot s6 quy tic sap xép, thuong doc 1ap véi cac phép bién d6i hinh hoc
nhu phép tinh tién, phép quay va phép chia ty 1&. Tuy nhién, cac phuong phap
nay thuong dung cho muc dich tong hop hon 13 muc dich phan tich, do chung
khong dugc st dung cho cac két cau c6 mic do ngau nhién cao. Cac phuong
phap bién ddi thé hién mdt hinh anh trong mot khong gian ma hé toa do cia n6
lién quan chat ché dén cac dic trung cta két cdu nham phan doan hinh anh [21]
nhu: bién doi Fourier phan tich noi dung cua két cAu theo mién tan sd, phép loc
Gabor va phép bién d6i Wavelet phan tich ndi dung cta két cdu ca trong mién
tan s6 va mién khong gian. Nhu vay, c6 nhiéu k¥ thuat khac nhau dé trich xuét
dic trung két cAu cip thap cua hinh anh. Tuy nhién, dic trung két cdu do nhay
v6i nhidu anh va ngit nghia phu thudc vao hinh dang déi tuong anh. Do d9, cac
xu hudng gan day thuong két hop dic trung két cdu v6i dic trung hinh dang

cho bai toan tim kiém anh theo ngit nghia.
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Dac trung hinh dang

Hinh dang 13 mot dic trung muc thdp nhim nhan dang ddi tuong trong
hinh anh, 6n dinh véi nhimg thay d6i vé anh sang, mau sac va két cau [18]. Tim
kiém anh theo dic trung hinh dang c6 do chinh xéc tdt v4i cac dac trung nhoé
gon, do phurc tap tinh toan thap. Cac k¥ thuat biéu dién va mé ta hinh dang c6
thé duoc phan thanh hai loai: phuong phap dya trén duong bién va phuong
phap dua trén vung [138].

Céc ky thuat trich xuat dic trung dya trén duong bién cua hinh dang nhu
phuong phdp chia nhé duong bién ctia hinh dang thanh cac doan nhé va dua
trén cac diac diém hinh hoc cta né [24] nhu tao thanh chudi dic trung, dua
trén phép loc Sobel, phat hién canh Canny, hay phat hi¢n bién vdi dudong cong
Bezier va dudng cong B-spline,... Trong phuong phap duwa trén ving, tt ca
cac pixel trong mot vung hinh dang dugc tinh toan dé biéu dién hinh dang,
v6i cac k¥ thuat [24] nhu: bién d6i Wavelet dé phan ving cac dic diém tuong
tu nhau trong anh, bién d6i Hough cho tung diém canh trén cac hinh dang bi
bién dang va nhiéu, mé men Zernike trich xuét thong tin toan cuc cua hinh
anh, md men Pseudo-Zernike bat bién va it nhay cadm voi nhiéu hon moé men
Zernike,... Cac thuc nghiém véi phuong phap trich xuét dic trung dua trén
vung cho thay su vuot trdi hon so véi phuong phap dua trén dudng bién, do
n6 st dung hiéu qua tit ca thong tin pixel trong ving ddi tuong, tuy nhién,
cling vi thé ma phuong phéap nay c6 kich thudc 16n va phtic tap vé tinh toan

hon.
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Bang 1.1: Bang mé ta ki hi¢u va dic tinh ciia cac dic trung mire thap

(LF- Low level features) dugc st dung trong cac thuc nghiém caa LA

] A h-;‘\ t
Ciacmo ta | Kiéu dic trung 50 cvleu veetor Ghi chu
dac trung
GCM Mau sic 81 CT1-CT8
LBP Két ciu 59 CT1 - CT8
GWT Két cau 120 CT1-CT8
EDH Hinh dang 37 CT1-CT8
GIST Hinh dang 512 CT1-CT8
HOG Hinh dang 720 CT5

Thong thuong dé nang cao hiéu qua trong CBIR, gan diy cac nghién ctru
d3 str dung két hop cac ddc trung murc thap vé ca mau sic, két cau va hinh dang
dé tao thanh bd mo ta dac trung nhu: két hop gitra dac trung mau sic dua trén
biéu dd mau HSV va dic trung két cAu duoc trich xuét br;“mg Bién d6i Wavelet
roi rac DWT (Discrete Wavelet Transform), bd m6 ta biéu d6 bién EDH (Edge
Histogram Descriptor) [25]; st dung khong gian mau RGB, GLCM dé trich
Xuét cac canh va gbc cua hinh dang doi tuong [23]; két hop m6 men mau, Gabor
Wavelet va bién dbi roi rac Wavelet, cung v&i bo mo td hudng mau va canh
cho dic trung cap thap [16]... Cac nghién ciru ndy cho thdy hiéu qua cua
phuong phap tim kiém anh véi b dic trung két hop vuot tréi hon so véi cac
phuong phap chi st dung mot loai dac trung.

Trong luan 4n nay, phuong phap trich xuét va két hop cac dic trung mau
sic, két cAu va hinh dang duogc dé xudt voi bang mo ta cac dic trung két hop,
s6 chiéu vector cac ddc trung muc thap duoc sir dung theo Bang 1.1.

1.2.2 Ddc trung mirc cao cua dnh
Hiéu qua tra ctru anh st dung biéu dién dic trung muc thap nhu trén (goi

1a cac dic trung thu cong - handcraft) c6 diém han ché boi vi nhitng dic trung
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tht cong nay c6 thé khong mo ta duoc ngir nghia ciia anh, khong thé tan dung
hiéu qua cac ving ndi trdi va thuong bod qua ciu trac khong gian cta hinh anh
[26].

Mang CNN d c6 nhiéu tién bd vuot bac trong may nim gan day va da dat
dugc nhiéu thanh tuu 4n tuong dé giai quyét cac bai toan thi gidc may tinh [7],
chfmg han nhu nhan dang khuén mat, do tim va nhan dang bién sb xe. Nhu tén
goi clia mang, cac mang CNN bao gém nhiéu 16p tich chap (Convolutional
layers), mdi 1ép gdm nhiéu bo loc véi cung kich thude (thuong rat nho: nxn
véin={3,5,7,11}). Mdi bd loc s& c6 cac trong s6 va duogc dung chung trén moi
vi tri ctia anh dau vao, duoc goi 1a k¥ thuat chia sé trong s6 (weight sharing).
Cac trong s6 ban dau duoc khoi tao gia tri ngﬁu nhién va s€ dugc cap nhat trong
qué trinh huén luyén boi cdc ham muc ti€u nham héi tu vé trang thai phu hop
vo1 ngir canh cua mot bai toan cu thé.

Céc tang phia dau mang s& hoc cac dic trung murc thap nhu thong tin vé
hinh dang, canh, cac diém gbdc, mau sdc, hinh dang. Cang vé cudi mang, cac
dic trung cang c6 xu hudng giau thong tin hon, chira dung nhiéu dic trung ngix
canh hon, giap mo6 hinh phan biét dugc cac dbi tuong khac nhau, minh hoa &

hinh 1.5.
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Hinh 1.5: Pic trung dnh dwoc trich xuit tai cic 16p ciia mang CNN [147]

Pau ra cla mang CNN co thé 1a mot hodc nhiéu vector dic trung duoc tao
ra bang cach cho anh dau vao chay xuyén qua mang véi cac trong s6 da dugc
huén luyén. Tuy thudc vao timg bai toan khac nhau, ching ta c6 thé st dung
cac vector dic trung d6 theo nhiéu cach khac nhau. Chang han, c¢6 thé sir dung
mot bd phéan 16p co ban dé phan 16p cac vector dic trung, hodc co thé gan mot
tang phan 16p (chang han dung ham SoftMax) vao cudi cia mé hinh mang dé
du doan nhan cua cac vector dac trung.

DML va dic trung Véc to nhung (Embedded Vector features)

DML 1a viée st dung céc kién trac siu dé giai quyét cac han ché gay ra tir
dir liéu tho bang cach co duge dic trung nhung twong tu thong qua hoc tap
khong gian con phi tuyén [128]. Viéc sir dung dir lidu hinh anh dau vao voi
vector nhing dic trung dugce trich xuét tir DML, da duoc chtirng minh 14 mang
lai hi€u qua trong phan 16p va phan cum. Nho kha nang phan biét hiu qua,
DML duogc ap dung trong nhiéu linh vuc khac nhau, chéng han nhu xac minh
va nhan dang khuén mat, mo hinh ba chiéu (3D), Xac minh chir ky [129-131],

V.V.
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DML bao gdm ba phan chinh 13 théng tin cac miu dau vao, ciu triic cla
mo hinh mang va ham mat mat. Lya chon miu dau vao déng vai trd rit quan
trong dé dam bao thanh cong ctia DML trong phan 16p hodc phan cum. Mang
Siamese, Triplet va Quadruple duoc st dung phd bién nhat dé huin luyén céac
mau trong DML, tuy nhién, trong d6 mang Triplet don gian nhung duoc ching

minh 14 dat hiéu suit cao trong xac minh va nhan dang khuén mat [130].

Véc to nhung la dac trung duoc trich xuat tir cdc mang hoc sau da huan
luyén san. Chung mang lai mgt biéu dién cao cap hon so v6i dac trung miic

thap, phan anh nhiéu ¥ nghia ngit nghia hon trong hinh anh.

Cu thé, véc to nhing duoc trich xuat tir 10p két nbi day du (fully
connected) cudi cing cia mod hinh hoc sdu ResNet50 (mang phan du) da duoc
huén luyén trude. M6 hinh nay duoc xay dung dua trén kién trac mot khdi phan
du (residual block), gitip thong tin duogc truyén qua cac tang 16p sdu hon mot
cach hi¢u qua.

Viéc trich xuat tir 16p fully connected cudi ciing c6 thé phan anh dugc cau
tric phirc tap cua dit liéu ddu vao thong qua qua trinh bién d6i tuyén tinh phi
tuyén. Dic biét, véi md hinh duoc huin luyén sau bing phuong phap hoc siu
metric nhu Triplet loss, cdc véc to ndy mang tinh phan biét cao gitra cac 16p

khac nhau.

Véc to nhiing thé hién dic trung ctia hinh anh & cap d6 cao hon so véi cac
dic trung muc thap truyén thong. Tuy nhién, chung cling gdp mot sd han ché
nhu phu thudc vao kha ning hudn luyén ctia mé hinh sau va c6 thé bj anh hudng
boi su khéc biét gitta dir liéu hudn luyén va dir liéu thuc. Diu nay doi hoi phai
két hop dic trung nham phat huy wu diém cua cac loai dic trung.

Trong luén 4n nay, tic gia chon mang Triplet 1dm mo hinh tién huin luyén

dé trich xuit cac dic trung vector nhung. Mang Triplet st dung d6 do khoang

23



cach Euclidean va bd ba mau c6 chtra neo, diém duong va diém am voi ham

mat mat bo ba (triplet loss) duoc dinh nghia nhu sau:
Lrripier = max(0, |Gy (X) — Gw (XP)ll; — 1Gy (X) — Gy (XMl + ) (1.1)

Trong d6 X1, X, 1a mot cip dau vao trong tap hun luyén, X" 1 miu tuong
tu, XP 1a mau khong tuong tu; Gy, (X;), Gy (X,) 13 dai dién médi ctia mot cip
mau dau vao, a 13 1& ¢b dinh. Dy, dugc sir dung dé tinh khoang cach giita hai

dau vao trong ham mat mat.

DW(Xl'XZ) = ”GW(Xl) - GW(XZ)HZ (1.2)

Muc dich chinh cua viéc hoc dua trén Triplet loss 1a tim gia tri sao cho
khoang céch tir diém neo dén diém duong gan véi neo hon diém am, tir d6 cai
thién kha nang phan biét cta cac mau. Dit liéu thdé ban dau duge chuyén doi
qua cac mang bd ba va sau d6 tinh toan do tuong tu cia khoang cach dé co
dugc cac dic trung vector nhiing cudi cung chira ngit nghia va do phan biét cao

hon.

Ngoai ra, mang Siamese [133] ciing duoc Iyra chon 1am mé hinh tién huan
luyén dé trich xudt cac véc to nhing va trich xuét dic trung nhiing. Mang no-
ron SigNet [133] dang Siamese 12 mot 16p kién tric mang thudng chira hai phan
mang con dong nhat. Cac mang no-ron tich chap (CNNs) song sinh ¢6 cing
cAu hinh véi cac tham s va trong sb chia sé giéng nhau. Viéc cip nhat tham sb
duogc thuc hién d6i xtng trén ca hai phan mang con. Nhitng phin mang con nay
duoc két hop théng qua mot ham mat mat & phia trén, tinh toan mot do do twong
tur lién quan dén khoang cach Euclid gitta biéu dién dic trung ¢ mdi bén cia
mang Siamese. Mot ham mat mat pho bién duoc st dung chu yéu trong mang

Siamese 13 ham mat mat trong phan, duoc dinh nghia nhu sau:

2
LConthtive = a(l - y)

° j (1.3)

+ﬁmax(0,m—
2

y (Sl)_fw2 (52) "

£ (81)=1,,, (5:)
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trong d6 s; va s, 1a hai mau (& ddy 1a hinh anh chir ky), y 1a ham chi sb
nhi phan danh d4u xem hai miu c6 thudc ciing mot 16p hay khong, o va p 1a hai
hang s6 va m 14 gidi han bang 1, £1a mot ham nhang chuyén d6i hinh anh chi
ky thanh khong gian véc to thuc thong qua CNN, va wy, w, 1a cic trong s6 hoc
dugce cho mdt 16p cu thé cua mang co sd. Khac voi cac phuong phép tiép can
thong thuong gan nhin twong ty nhi phan cho cac cip, mang Siamese nham
dua céc vecto dic trung dau ra gdn nhau cho céc cdp dau vao duoc gan nhan 13
tuong tu, va ddy cac vecto dic trung xa nhau néu cac cip dau vao khong tuong
tur. Moi nhanh ctia mang Siamese c6 thé dugc xem nhu mot ham nhing hinh
anh dau vao vao mot khong gian. Do ham mat mat dugc chon (cong thirc 1.3),
khong gian nay sé& c6 tinh chét rang hinh anh cta ciing mot 16p (chit ky that ciia
mot ngudi viét cu thé) s& gan nhau hon so véi hinh anh cua cac 16p khac nhau
(chit ky gia mao hodc chir ky cta cac ngudi viét khac nhau). Ca hai nhanh duoc
két hop voi nhau thong qua mdt 16p tinh toan khoang cach Euclid gitra hai diém
trong khong gian nhung. Sau do, dé quyét dinh hai hinh anh c6 thudc cing 16p
tuong tu (that, that) hay 16p khong tuong tu (that, gid) can xac dinh mét gia tri

nguong dua trén gia tri khoang cach.

Céc 16p tich chap dau tién loc hinh anh chir ky dau vao kich thudc 155 x
220 bang 96 kernel kich thuéc 11x11 véi bude di 1a 1 pixel. Lop tich chap tha
hai nhan dau vao tir két qua (43 dugc chuan hoa va thu gon) cta 16p tich chap
dau tién va loc né bang 256 kernel kich thudc 5 x 5. Ldp tich chap tht ba va
thtr tu dugc két ndi voi nhau ma khong c6 su can thiép cta 16p thu gon hoic
chuan hoa. Lép tht ba c6 384 kernel kich thudc 3 x 3 duge két ndi véi dau ra
(da chuan héa, thu gon va thuc hién dropout) cta 16p tich chap thur hai duoc
dua vao 16p tich chap thu tu. Lép tich chap thu tu ¢6 256 kernel kich thude
3x3. Piéu nay dan dén mang no-ron hoc cac dic trung cap thap it hon cho cac

vung ti€ép nhan nhé hon va nhiéu dac trung cho céc dic trung cap cao hoac triru
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tugng hon. Lép két ndi day du dau tién c6 1024 neuron, trong khi 16p két ndi
day du tht hai c6 128 neuron. Diéu nay cho thiy riang véc to dic trung di hoc
cudi cung cua SigNet c6 kich thudc bang 128.

Bang 1.2: Bang tong quan vé cac mang CNN

Layer Size Parameters
Convolution 96x11x11 stride =1
Local Response Norm - a=10%B=075k=2;n=5
Pooling 96x3x%3 stride =2
Convolution 256x5%5 stride = 1, pad =2
Local Response Norm - a=10%B=0.75k=2;n=5
Pooling + Dropout 256%3%3 stride =2; p=0:3
Convolution 384x3x%3 stride = 1; pad = 1
Convolution 256x3x3 stride=1; pad =1
Pooling + Dropout 256%3%3 stride =2; p=0:3
Fully Connected + 1024 p=0:5
Dropout
Fully Connected 128

Ddac trung CNN (CNN features)

Trong thoi gian gan day, cac hé thong CBIR da ap dung céc dic trung
duoc trich xuét tur mang hoc sau dé cai thién kha nang tra ctru anh [5]. Viéc nay
d3 gop phan tang tinh chinh xac va do tin cdy trong qué trinh tim kiém cac hinh
anh tuong tu tir co s¢ dir li¢u. Trong cach tiép can hoc sdu, mot md hinh c6 thé
xtr Iy dit liéu anh gbe va tu kham pha ra dic trung t6t thdng qua qua trinh hoc.
Trong [27], m6 hinh mang no ron tich chap dugc st dung dé trich rat dac trung
cho mdi anh, giup cai thién viéc tra cru anh twong tu v&i anh truy van tét hon.

Mo hinh bao gdm cac 16p tich chép (convolutional layer), cac 16p gop (pooling)
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va 16p két ndi day du (fully connected layer). Cac 16p phia trude thuong 1a cac
16p tich chap két hop véi cac ham kich hoat phi tuyén va 16p pooling (dugc goi
chung 1a ConvNet), do vay, dau ra & 16p gan cudi cung trudc khi chuyén qua
16p két ndi day du co thé duoc coi 13 vécto dic trung hiru ich. Lép cudi cing 13
mot mang no ron két ndi ddy du va thuong 13 mot ham Softmax. Desai va cong
su [28] da dé xuat mot phuwong phap CBIR dua trén VGG16 dé trich rat dic
trung két hop phan 16p SVM, phuong phap nay dugc thuc nghiém trén tap dit
liéu Corel 10K va chi ra do chinh x4c trong tra ctru t6t hon. Trong cic nghién
ctru [29, 30] da danh gid toan dién vé cac mang hoc sau dugc st dung trong
CBIR, cong trinh da dé xuét sir dung cidc mang hoc sau nhu: MobileNet,
Xception, DenseNet, InceptionResNet, EfficientNet-B1 trén cac tap dir liéu
Correl, Inria Holidays cho do chinh xac vuot troi.

Véi viée sir dung cdc mang CNN hién dai, ching ta c6 thé trich rut céac
dac trung phuc tap va c6 y nghia trong mot tap dir li€u 16n. Tuy nhién, mdt
van dé véi viée st dung céc dic trung CNN 1a chiing thudng rat phtc tap va
c6 sb chiéu 16n diéu nay c6 thé gy ra van dé vé téc do xir Iy va bo nhé khi
st dung cac dic trung nay trong cac hé théng CBIR. Do d6, mot sé nghién
ctru d4 tinh chinh cac mang CNN dé giam sb luong tham sb va kich thudc
cua cac dac trung, hoac sr dung mot s6 16p tiém an dé trich xuét cac dic
trung mic cao hon ma van giam dugc sb luong tham s va kich thuéc cua
cac dac trung.

Trong luan &n nay, tac gia sir dung mang EfficientNet [122] 1a mot dong
mo hinh mang no-ron sau tién tién, duogc phat trién dé dat dugc hiéu suat va do

chinh xéc t61 uu trong linh vuc hoc may.
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Bang 1.3: Kién triic mang EfficientNet-B0

Stage Operator Resolution | Chanels | Layers
1 E H\z X W\z Ez EL
1 Conv3x3 224x224 32 1
2 MBconl, k3x3 112x112 16 1
3 MBcon6, k3x3 112x112 24 2
4 MBcon6, k5x5 56x56 40 2
5 MBcon6, k3x3 28x28 80 3
6 MBcon6, k5x5 14x14 112 3
7 MBcon6, k5x5 14x14 192 4
8 MBcon6, k3x3 7x7 320 1
9 Convlx1 & Pooling & FC 7xT 1280 1

Céc tac gia cia EfficientNet di dé xuat mot phuong phap méi dé mo
rong chiéu rong, chiéu sau va do phan giai cua mang thong qua viéc st dung
hé s6 két hop. Su md rong nay duoc thuc hién thong qua Neural Architecture
Search, gitip tao ra cac phién ban nhu EfficientNet-B0 dén EfficientNet-B7, v4i
kich thudc mang giam va hiéu suét ting dang ké. EfficientNet dat dén d6 chinh
xac tot nhat trén nhiéu tap dir li¢u va 1a mét lya chon manh mé cho cac ung
dung thi giac may tinh va hoc sau.

Nhu da dé cap 0 trén, luan an sur dung EfficientNet nhu mdt trich Xuat
dic trung cho hé thong CBIR. Mb hinh nay da duoc huan luyén trén ImageNet
v6i 14 triéu hinh anh dugc gan nhin vao 21K nhém va tién hanh cét giam cac

16p cudi cung ciia mang nay dé c6 dugc mot mo hinh mang dé trich xuat vector
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dac trung. Sau khi b dir li¢u hinh anh di qua mang EfficientNet nay thu duoc

tap vector dic trung véi kich thude 1280 chiéu.
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\
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Sorce Domain: VGG60K

Features  Features Set
Extraction

Hinh 1.6: M6 hinh trich riit diic trung dnh bing mé hinh hoc siu [122]
Hinh 1.6 14 thuat toan biéu dién dic trung anh dugc trich rat dua vao tién
huin luyén mang hoc sau CNN thu dugc tap dac trung CNN. Véi dau vao cua
thuét toan 12 CSDL anh va md hinh tién huin luyén cac mang hoc sdu CNN

trén bd dir liéu ImageNet dugc thuc hi¢n cac qua cac budc nhu sau:
Thuit toan 1.1: Trich rat dic trung anh v6i mang CNN tién huan luyén
Input:
- Tap anh can trich rat dic trung: I=(1,, L, ..., I,)
- M5 hinh tién huan luyén Q = (VGGI6, Resnet50, EfficientNet....)
Ouput: Vector dic trung biéu dién anh HF=(HF;, HF, ...,HF,)
1. Model«—LoadModel(€2)
2. HF < ¢
3.fori=1,..., ndo

3.1 HF«—ExtractFeature(l;, Model);
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3.2 HF = HF UHF,

4. Return HF

Céc phuong phap tra ctru anh ké trén c6 thé nang cao do chinh xéc khi sir
dung cach tiép can hoc sdu, tuy nhién ching kha ton thoi gian dé xur Iy do sb
chiéu cua véc to dic trung thu duoc kha 16n va van gip phai van dé khoang
cach giira ddc trung murc thip v6i cam nhan truc quan ctia con ngudi khi mé ta
ndi dung anh.

1.3. Chuan ho4 cic vector diic trung biéu dién dnh

Muc dich cua vi¢c chuan hoa cac thanh phan ctua vector dac trung 1a dam
bdo moi thanh phan nhan trong s6 can bang nhau trong vi¢c xac dinh do tuong

tu gitra hai vector dac trung.

Tiép ndi qua trinh biéu dién va trich chon cac dic trung cua anh, cac
phuong phap chuan héa cac dic trung trong CBIR di cai thién dédng ké hiéu
nang cho CBIR qua cac nghién ctru Ciocca cung cac cong su [13], Rui cung cac
cong su [71]. Trong CBIR thuong sir dung 2 phép chuin hoa: (1) chuan hoa
min-max va (2) chuan hoa Gauss.

1.3.1. Chuin héa Min-max

Chuén hoa min-max cho phép chuyén dit lidu vé pham vi [0,1] nhu sau:

fi,j —m_i_n{Ei'j}

min — max: fi = {fl,]} g fi,{fi,,j}’ fll’] == 5 ) v] = 11 dlm(fl) (14)

mE_aix{Ei'j}_mE_iin{Ei'j}

Trong d6 m_in{El-’ j}vé m_ax{Ei, j}lé cac giad tri nho nhat va 16n nhat cua
Ej E;

chudi thanh phan j theo bé déc trung E;ciia tat cd dnh trong dit liéu. Vi phép
chuan hoa nay thi cac thong tin hitu ich bi dich chuyén vao mot pham vi rat hep

trong [0,1] néu gia tri max 16n.

V61 phép chuan hdéa min-max dugc sur dung trong cac nghién ctru Ciocca
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cung cac cong su [13], Ortega cung cac cong su [62], nhuoc diém cia phép
chuan hoa nay 13 khong hiéu qua do hau hét cac thong tin hitu ich bi dich chuyén
vao mot pham vi rat hep do vay lam mét di cc dic trung rai rac.
1.3.2. Chuéin héa Gauss (chuin héa 36)

Chuan hoa Gaussian (hay goi 1a chuan hoa 3), mot phép chuan hoa kha
hi¢u qua dugc str dung nhiéu trong CBIR cua Vii Van Hi¢u cung cong su [2],
Rui cing cac cong su [71]. Chuan hoa 3¢ sir dung cong thirc tinh:

fi,j — m] . T
—Vj = 1,dim(f;) (1.5)

30:f; = {fi;} = f{fiy). £y = =55
)

Trong cac nghién ctru [14], Rajakumar cung cac cong su [70], Rui cung cac
cong su [71], phép chuan hoa 3¢ duge st dung cho cic dic trung mirc thip (mau,
két cAu, hinh dang). Tu thuc nghi¢m va két qua cua cac chuan hoa, ta théy mot
s6 han ché khi chuin hoa theo min-max va chuéan héa theo 3¢ 1a:

- Chuén héa min-max 1am cho hau hét cac thong tin hitu ich bi chuyén vao
mot pham vi rat hep trong [0,1] néu gia tri max 16n.

- Chuan hoa 3o rai déu trong [-1,1] yéu cau dit lidu 12 mot chudi Gauss.

Trong luoc do dit liéu Hinh 1.7 cac thanh phan cta chudi dic trung thuong
c6 khong it hon mot dinh, tirc 1a gia dinh phan b chuan 4p dit 1a khong hop
1y. Do d6 khi chuan héa theo 3, dir liéu sau khi chuin hoa c6 kha nhiéu thanh
phﬁn roi ra ngoai doan [-1,1]. Vi vay st dung chuin ho4 cho dit liéu dic trung

két hop 1a chua dat dugc muc tiéu ciia bude chuan hoa.
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(a) (b)
Hinh 1.7: Luwgc db dic trung
(a) Luge d6 HSV, (b) Luoc d6 HSV chuan hoa theo quy lut 3

1.3.3. Chudn hod ddac trung sw dung phdn cum mo c-means (Fuzzy c-mean
clustering - FCM)

Nhaén thay cac chuin hoa dic trung theo min-max hay chuan héa dic trung
theo 3¢ ¢6 nhiéu han ché (min-max trai ra trong doan [0,1]; 3o trai ra rong hon
[-1,1] nhung dau vao yéu cau 1a chudi Gaussian) nén céc tac gia di dé xut
phuong phap méi 1a chuan hoa dic trung dira vao phan cum mo c-mean (FCM)
Vi Vian Hi¢u cung cong su [2]. Vigc chuin hoa duoc thyc hién theo luat
30— FCM xem nhu m0t mé rdng cua chuan hoa theo luat 3. Phép chuan hoa
nay khong yéu cau dau vao 1a mot chudi Gaussian va khi 4p dung phép chuan
héa 36-FCM dem lai hiéu qua kha cao trong CBIR. Tuy nhién 36-FCM van
con diém han ché, d6 1a mién gia tri cua cac thanh phﬁn vector sau khi bién doi

van c6 thé hep hon dang ké trong doan [-1,1] nhu Hinh 1.8a, 1.8b.
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(a) (b)
Hinh 1.8: Két qua chuin héa theo 36-FCM.
(a) Gabor Wavelet Texture, (b) GIST.

Sau khi phan cum FCM tédp vector ddc trung thanh cum, vi¢c chuén hoa
duoc thyc hién xem nhu mot mé rong cia chuan hoa theo luat 3o.

Phép chuén hoa 30-FCM:

Cho x = {x[jI}2%, % = {X[j]}2}, V1 < j < M, la vector dit lidu dau vao

theo dac trung muec thap t, vector chuan hoa Xorm ctia 30-FCM xdac dinh nhu
sau:
P, Ve
min [j1-Vi,cl] + max x[j]-V¢ clil
qer 15CSC 30tcj 1=csC( 30tcj

x[j] = (1.6)

C+1

0 day oy 1a do 1éch chuan cua cum th{ ¢ theo thanh phén vector thur t.
1.4 Do do khoang cach, do do twong tw anh va hoc cac df do
1.4.1 D¢ do khodng cach, dj do twong tw anh
Do do twong tu 14 mot trong nhilng phuwong phéap t6t dé may tinh phan
biét dugc cac hinh anh qua ndi dung ctia chiing. Thong thuong hé thong tra ctiru
anh s& truy van hinh anh bang phuong phéap do twong tu dua trén cac chirc ning,

vi¢ce xac dinh n6 c6 thé dudi nhiéu hinh thirc nhu phat hién bién, mau sac, vi tri
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diém anh... cac phuong phap nhu histogram, mau sic va phan tich histogram

dong cot st dung biéu dd dé xac dinh do tuong tu.

Bén canh cac o do tuwong tu, trong CBIR nguoi ta ciling &p dung cac do
do khoang cach dé do muc do phan twong tu giita cac anh. V&i mot anh dau
vao st dung d6 do khoang cach, hé théng xép hang toan bd CSDL anh theo gia
tri giam dan khoang cach cac anh véi anh dau vao. Anh nao c6 gia tri khoang
cach gan véi anh dau vao nhit thi s& duogc sip xép theo thir tu.

Céc d6 do tuong tu va do do khoang cach dugc (mg trong rat nhiéu linh
vuc nhu xtr Iy anh va nhan dang mau, nhan dang chir viét tay, trong y hoc gitp
béc si phat hién cac mé bénh dé tim ra cac té bao ung thu (sir dung cong cu tu

phét huynh quang),...

Hinh 1.9: Mt vng dung tim kiém shop ban quén 4o theo dnh c6 siin. [148]

Mot metric d trong Toan hoc (d0 do khoang cach) trén tap hop diém X,

dugc dinh nghia nhu sau: d: X X X — R, thodn man cac diéu kién sau:
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d(x,y)=0
dx,y)=0=x=y

d(x,y)=d(y,x)
d(x,z)<d(x,y)+d(y,2)

Céac do do khoang cach c6 thé dugce sir dung cho ddi sanh twong tu trong
linh vuc CBIR nhu: Euclid, Mahalanobis, Minkowski. ..

Khoang cach Euclid (khoang cach L.2) va khoang cach Manhattan (khoang
cach L1) la truong hop dac biét cua d0 do Minkowski. Trong CBIR, khoang
cach Euclid c6 trong s6 di duoc st dung cho cdc m6 men mau trong hé théng
MARS [31], khoang cach thdng ké Mahalanobis [32] duoc st dung dé do
khoang céach gitta mot vecto dac trung cu thé va mot phan phéi da cho. Noi
chung vé mat thuce té cac d6 do khoang cach sir dung trong CBIR khong phai
12 mot metric theo nghia Toan hoc, cac tinh chat di ximg va bat dang thic tam
giac c6 thé khong duoc thoa man.

b do tuong tu Cosine (c6 gia tri do dugc thudce [-1,1]) dugc danh gia la
pht hop trong hoc dd do twong tu, nhung khong phu hop dé biéu dién khoang
cach giira hai diém dir liéu, nhét 13 trén khong gian da tap phi tuyén [134].

Mot s6 cong thire tinh ¢ khoang cach hay duoc sir dung trong CBIR duoc

mo ta nhu bang sau:
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Bang 1.4: M s6 do do khoang cach, @) do twong tw va cong thirc

bo do Cong thirc tinh
Euclid V=) (=)
Mabhalanobis J(x=)"C(x—y) ; C 1a psd (ma tran

xac dinh duong)

n 1
Minkowski D, )= |x -y, 1")”
i=1

Manhattan (Taxicab/City Block) D CNIy -1 (k13 6 block
(x,») iZ:I:|Xi Vi ( )

(Khoang cach L)
Chebyshev D(x, y) =max(| x, - y; |)
. XY
Cosine D(X,Y) =cos = ——
o) = cos 0 = v

Néu sir dung d6 do twong ty dé xép hang CSDL anh theo anh truy van thi
cac anh duoc xép hang theo thtr tu giam dan cua gia tri do muc tuong ty véi
anh truy van, nguoc lai néu st dung mot do do khoang cach (do phan twong ty)
thi cac anh cia CSDL duoc xép theo thir ty ting dan cila gia tri khoang céach.

Tt mot d6 do khoang cach d (khong nhat thiét 1a mot metric Toan hoc)
trén X x X, ching ta c6 thé xac dugc méot do do tuong tu S trén X x X (gid tri

tuong tu do dugc thude (0,1]) va nguoc lai:
1
S(Xq,Xy) = m Vx4, X, € X (1.7)

1

S(X1,X2),

Nguoc lai, d(x4,%x,) = -1+ Vx4, X, € X. (1.8)

1.4.2 Hoc do do twong tw anh

Hoc dd do tuong tu 1a mdt phuwong phap hoc may (ML, machine learning)
tap trung vao viéc danh gia mirc do tuong tu hoac khac biét gitra cac cap dir
li¢u, thay vi du doan nhan hoac tim kiém céc cAu tric 4n nhu trong hoc c6 gidm

sat (supervised learning) hay hoc khong giam sat (unsupervised learning). Muc
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ti€u chinh cta hoc tuong tu 1a hoc cach dinh lugng muc dd tuong ty gitra cac
d6i twong, diéu nay c6 nghia 13, v6i hai ddi twong bt ky, mo hinh s& danh gia
xem chiing gidng nhau hay khac nhau dén mirc nao. Phuong phép nay khong
yéu cau nhdn cua timg phan tr dit liéu, nhung can cac cip dir liéu duoc xac
nhan la “tuong tu” hodc “khong tuong tu” dé hoc ham danh gid mic do tuong

tu.

Hién nhién, mot do do tuong tu tt s& 1am tang do chinh xac cua hé théng
CBIR, gitp cac hé thong nay tra vé cac hinh anh lién quan mot cach chinh xac
hon khi nguoi dung thuc hién truy van bang hinh anh. M6t s6 thuét toan phd
bién trong danh gia d6 tuong tur c6 thé ké dén nhu mang Siamese, Triplet loss.
Céc phuong phap niy déu hudng tdi viée hoc cac khong gian nhiing ma trong
d6 cac mau tuong tu gan nhau va cac mau khéc biét xa nhau. Siamese Networks
st dung hai mang con gidng hét nhau dé so sanh hai diém dir liéu va danh gia
mirc d6 tuong tu, trong khi Triplet Loss tao ra cac khong gian dic trung t6i wu

bang cach huan luyén mo hinh véi cac bd ba dir liéu.

Hoc d¢ do twong tu md ra nhiéu co hoi tiép can linh hoat cho viéc xur 1y
cac bai toan ma danh gida mdi quan hé giita cac ddi twong 1a muc tiéu chinh,
gitip cai thién hiéu qua va do chinh x4c trong nhiéu tmg dung thyc tién. Véi
kha nang danh gia mirc d6 trong ddong mot cach chinh xéac, phuwong phap nay
khong chi gitip ting cudng hiéu sudt cua cac hé théng hién c6 ma con mé ra

cac hudng nghién ctru va ing dung mai trong nhiéu linh vyc khac nhau.
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DML thong thwdng

DML vdi tiép can

Deep learning l

Dogs

Hinh 1.10: Két qua nhin dang anh giira stt dung DML thong thuong va
DML tiép cin hoc sau [139].
1.4.2.1 Phuwong phap hoc d¢ do khoing cach Neighbourhood

Components Analysis:

Phuong phap hoc do do khoiang cich Neighbourhood Components
Analysis (NCA) 13 mot k¥ thuat hoc d6 do khoang cach duoc dé& xuat boi
Goldberger va cong su nam 2004 [125]. NCA khong tham s6 ap dung cho ca
bai toan phan loai va hdi quy. Muc tiéu cia NCA 14 t6i uu hoa trong s cua dic
trung dé t6i da hoa do chinh xac cua bai toan bang cach tim ham anh xa sao
cho cac diém dir liéu cing nhin gan nhau hon cac diém khac nhan, giap giam
sai s6 phan 16p cua k-NN. NCA tbi vu hoéa ham muc tiéu dya trén sai s6 phan
16p du doan cia k-NN trén tip huan luyén bang cach tinh x4c suat cac lang
giéng cung nhin véi mdi diém dir liéu va cyuc dai hoa tong x4c suat.

Cu thé, véi mot tap dir licu gém n mau dau vao S= {(xi,yi), 1=1,2,..n}, NCA
xay dyng mot mo hinh phén loai/hdi quy ngiu nhién. M6 hinh nay lua chon
ngau nhién mot diém trong S 1am diém tham chiéu Ref(x) cho x. Nhan du doan
ctia x s& bang nhan cua Ref(x).

X4c suét chon Ref(x) = x; dugc tinh dya trén do tuong tu gifta x va x;

theo d¢ do d,,, dugc dinh nghia nhu sau:
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P(Ref (x) = x;) = 0wl (1.9)

k=1€xP (—dw (x.xx))

Trong do:

d,, (x, xj) la d§ do khoang cach gilra x va x;, dua trén trong s6 w. Do do
nay cang nho thi x va x; cang gidng nhau.

n_exp (—d,, (x,x)) 1a tong cua cac gia tri exp (—d,, (x,x;)) véi k
chay tur 1 dénn, voin la sb luong mau dir liéu.

Nhién dy doan cia x s& biang nhan cta diém tham chiéu Ref(x).

NCA tim trong s6 w sao cho x4c suét sai phan loai trung binh trén tap huén
luyén dat gia tri nho nhat, bing cach tdi vu hoéa ham muc tiéu sir dung phuong
phap dao ham va bo sung diéu kién binh thuong hoa.

Uu diém ctia NCA 14 khong gia dinh md hinh trudc, ap dung cho ca phan
loai va héi quy. Tuy nhién, phuong phap ciing gip mot s6 han ché nhu phu
thudc tham sd, chi xét tinh twong tu cuc bd.

1.4.2.2 Hoc d¢ do theo nhom phan cum (CMML):

Hoc d6 do theo nhom phan cum (CMML - Clustered Multi-Metric
Learning) 1a mot phuong phap hiéu qua dé giai quyét bai toan dit liéu phan bd
khong dong déu. Co sd ¥ tudng cia CMML bao gdm:

- Chia di liéu huan luyén thanh cac nhom (cluster) khong giao nhau bang
k-means. Mdi nhom s& dai dién cho mot vung ctia khong gian tinh ning.

- Hoc mdt ma tran khoang céch riéng cho mdi nhém dua trén cac rang
budc triplet trong nhém do.

- Hoc thém maot ma tran khoang cach toan cuc dé khién cac ma tran cuc
bd khac nhau cang gan voi ma tran nay...

Bén canh d6, mot k¥ thuat diéu chinh toan cuc duogc ap dung nham bao

toan cac dac tinh chung ctia cdc cum trong khong gian metric da dugc hoc.
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Triplet loss dugc sir dung nhu mot ham mat mat dé hoc cac ma tran khoang
cach trong CMML. Cu thé:

MG&i rang budc triplet bao gébm 3 diém: diém tim x;, diém duong Xj cung
16p vo1i x; va diém am x; khac 16p vo1 x;. Muc ti€u 1a hoc ma tran khoang cach
sao cho khoang cach tir x; dén xj nho hon khoang cach tu x; dén x; voi khoang
cach bién 1.

Pay chinh 1 ham mat mat Triplet loss can t6i thiéu hoa trong qua trinh
hoc CMML. Viéc lya chon cac rang budc triplet hop 1y giap CMML hoc duoc
cac ma trdn khoang cach phan biét tét gitta cac 16p.

Phuong phap CMML da duogc chimg minh 1a tdng cuong tinh linh hoat va
hiéu qua khi ap dung hoc nhiéu khoang cach duoc hoc trong cac tng dung cua
hoc may va khai thac dir li¢u. Ky thuat nay da dugc ung dung thanh cong trong
viée xir 1y dir liéu da dang, va di c6 nhimg ung dung hiéu qua trong nhiéu linh
vuc nhu thi gidc may tinh va xtr Iy ngén ngtt tu nhién. Phuong phap CMML da
dugc nhom nghién ctru Bac Nguyen, va cong su dé xudt [56].

1.4.3 Tiép can Deep learning cho hoc d§ do khoéing cich
Cho mot ho cac ham Gy, (X) duoc tham sé héa boi W, can tim W sao cho

1a tap véc to dau vao, khi do:
DW(X11X2) = ”GW(Xl) - GW(XZ)”; X1, X, (1.10)

Dy, (X4, X,) nho hon ngudng d6i voi cac cap giéng nhau,
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Dy (X1, X,) 16n hon hodc bang ngudng ddi véi cac cip khac nhau.

By
I1Gw (X2) — Gy (Xa)|
Gw(Xy) Gy (Xy)
Gy [\) Gy (,\’}
[ —{ w -
Convolutional Convolutional
Network Network
‘Y| -\I',!

Hinh 1.11: M& hinh tiép cin Deep learning cho hoc d6 do khozng cach [149].
CNN c¢6 thé 1a mot mo hinh da duoc huén luyén san nhu VGG 16, Resnet,

ImageNet... hay duogc tu huén luyén.

1.4.3.1 Cac chién thuit hoc
+ Chién thuét Contrastive [139];

+ Chién thuat Triplet [140];
- Chién thuat Contrastive (mang Siamese)
Cho X4, X, € I 1a cip véc to ddu vao, va Y 13 nhan nhi phan, néu:
Y =0 1a cap tuong tu
Y =1 Ia cap khong tuong tu
Khi d6 ham khoang cach v6i tham s W duoc biéu dién nhu sau
Dy (X1, X3) = |Gy (X1) — Gw (X2)I2 (1.11)
Ham méat mat duoc dua ra nhu sau

1 2 1
LW,Y, X1, Xz) = (1 - Y)E(Dw(Xsz)) + (Y)E{max(o,m — Dy (X1, X2))}? (1.12)
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trong d6: m>0 13 1&.
Ham mat mat tong thé:
1 N (1.13)
L= ﬁz L(W,Y, X14,X2,)
i=1
voi N 1a s luong mot 16 anh huin luyén.
- Chién thuat Triplet (duoc cai tién tir Contrastive)

Tbi wu hoa viéc nhing va sir dung bd ba (anh neo, anh phu hop va anh
khong phu hop) dé huén luyén d6 do khoang cach.

V6i mét bo ba (x;, xj, xx) sao cho khoang cach gitra x; va x; nho hon

khoang cach gitra x; va x; thi:
dA(xi;xj) < dy(x;;x,) —m (1.14)

trong d6 m >0 1a 18 (margin).

Gw (X))

. . . . sase .

Images

Hinh 1.12: M6 hinh mang Triplet [140]
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Ham G(.) dugc hoc va gan sao cho
G(.) < khoang céch gifra cac anh tuong ty nhau.

Ham mét mat L duogc dinh nghia nhu sau,

khicobdbaT; = (X;, X", X;) tacod
L(X;, X", X7) = max{0,m + Dy, (X;, X;") — Dy, (X;, X[)} (1.15)

trong d6: m>0 14 1& (margin).

Ham mat mat tong thé:
N (1.16)
L= —z L(X, X7, X7)

Thach thire: Néu c6 N mau thi s6 bo ba co thé 1én t6i 1a N3 (Van dé cai

tién bo ba triplet 1a van dé can nghién ctru, du ring di c6 dua ra [140].

(a) Triplet: before. (b) Triplet: after.

Hinh 1.13 Chién thuét Triplet phan loai anh [140]
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1.5 Xép hang dua trén do thi véi tiép can xép hang da tap

Céac mo hinh xép hang duya trén d6 thi da tré nén phd bién trong nghién
clru tra ctru anh dya trén ndi dung (CBIR) va da thu hat sy quan tim dang ké
tir cong dong hoc may, thi gidc may tinh va tim kiém thong tin trong thoi gian
gan ddy. Ching dugc ap dung rong rii dé mo ta méi quan hé tuong déng/khac
biét giita cac hinh anh, tir d6 tao ra cac bang xép hang hitu ich cho bai toan truy
van.

Mot s6 md hinh tiéu bicu ¢ the ké dén nhu: MR, AGR, SGR, EMR...
Céc nghién ctru gan day [33-35, 39, 63, CT6] di chirng minh EMR cho két qua
xép hang chinh xac hon so v&i cac phuong phép truyén thong khac. Diéu nay
mo ra nhiéu trién vong trong tmg dung thuc tién.

Anchor Graph Regulrization (AGR)

Anchor Graph Regularization [38] - 14 m6 hinh xép hang dua trén do thi
st dung cac diém neo - anchor points dé xay dung mot d6 thi thé hién mdi quan
hé gitra giita 16p dir liéu va 16p diém neo [12]. Cu thé, tinh hiéu qua cia AGR
nam & hai budc:

1) Xay dung cac mbi quan hé ké giita cac diém trong cung mot 16p dwa
trén diém neo, thay vi tinh todn tat ca cac mdi quan h¢ ké gifta cac diém dit liéu;

2) Gan nhan cua cac diém dit liéu tr cac diém neo dua trén mbi quan hé
ké gifta cac 16p ctia chung.

Scalable sub-graph Regularization (SGR)

Scalable sub-graph Regularization [39] - 1a mé hinh xép hang dua trén d6
thi nham giai quyét bai toan tra ctru anh dya ndi dung CBIR trén quy mé 16n.

Cu thé, SGR chia dif liéu thanh cic nhom dya trén anchor dugc lua chon
boi1 K-means. Sau d6, SGR xay dung mot dd thi con dya trén cac anchor, thay

vi toan bo dit liéu. Do thi con duge xay dung thong qua ma tran trong $6 Z gilra
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modi mau va anchor gén nhét, cling nhu ma tran ké W dua trén Z. Tiép theo,
SGR 4p dung khung nhidu db thi dé tinh toan sé diém xép hang cho cac anchor.
Sau d6 dva vao Z, sb diém xép hang cua cac anchor dugc lan truyén dén toan
bo dir licu.

Nho xay dung dd thj con hiéu qua trén co s anchor, SGR vira ddm bao
kha ndng md& rdng 1€n quy mo 16n, vira dat hiéu qua cao trong bai toan CBIR.

Xép hang da tap MR (Manifold Ranking)

Trong cac phuong phap xép hang dua trén do thi, xép hang trén cau tric
dir 1i€u da tap (Ranking on Data manifold) [33] 1a mét trong nhiing phuong
phap dai dién va di duoc ap dung rong rii trong cac ing dung tim kiém théng
tin va hoc may khéc nhau.

Thuat toan xép hang da tap trong cau trac dir liéu da tap thuoc mo hinh
hoc ban giam sat [9, 33], thudt toan nay tip trung vao kham pha céu trac da tap
noi tai* (Instrinsic manifold structure) ctia dit liéu, tir d6 danh gia mac do quan
trong va tuong tac giita cac diém dit liéu trén cau tric da tap ndy. Bang cach st
dung thong tin vé mbi quan hé va twong tac giita cac diém dit liéu, xép hang da
tap (MR-Ranking Manifold) dugc st dung hiéu qua dé thue hién céc tac vu truy
van va phan loai dit liéu trong khong gian da tap, noi cac diém di liéu thudng
c6 su bién d6i khong ddng nhat.

Y tudng chinh cta thuat toan xép hang da tap nhu sau: Dau tién xdy dung
mot d6 thi c¢6 trong sd cho tat ca cac diém dir liéu trong khong gian dic trung
(mdi dinh biéu thi cho mot diém dir liéu) bang cach két hop ca dir liéu duoc
gan nhén (cac diém truy van) va dir liéu khong dugce gan nhin (co sé dit lidu),

MR gan cho moi diém dir liéu mot diém s6 x€p hang tuong doi, bi€u thi murc

2 Instrinsic manifold structure: CAu truc da tap ndi tai la cAu trlic co ban cua dix liéu ma khong phu thude
vao cach dit lidu dugce nhung (embedded) vao khong gian Euclide hodc bit ky khong gian ngoai vi ndo khac.
Céu triic nay phan anh cac mdi quan hé co ban va cac dic diém cua dit liéu ma khong bi bién dang béi cac bién
d6i khong gian hoic chiéu.
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d6 lién quan d6i voi diém truy van, qua trinh xép hang lap di lap lai cho dén
khi hoi ty té1 mot tinh trang 6n dinh toan cuc. Cac diém chinh thirc duoc Xép
hang dai dién cho viéc giéng nhau giita diém dit liéu va diém truy van. Cac
diém dit liéu twong ty nhu cac diém truy van 13 nhimg diém xép hang 16n nhat.

Viéc xay dung d6 thi biéu dién cac diém trong co so dit liéu (CSDL) theo
thuat toan xép hang da tap (MR-Manifold Ranking) da duoc dé xuat trong cc
nghién ctru [9,33-35]. Muc tiéu chinh ctia phuwong phap MR dua trén cach tiép
can d6 thi 13 sir dung phuong phap xac dinh trong s6 ctia mdi diém dit liéu so
voi cac diém dit liéu khac dua trén céac thong tin toan cuc va cuc bd biéu dién
bén trong do thi.

Xét tap dit libu X = {xq,%5...... , X} € R™, m 1a sb chiéu, n 1a sb diém
dir liéu; x, € X la diém truy van (hay diém dir liéu duoc gan nhan), cac diém
con lai dugc xép hang theo mirc do lién quan cta chung ddi véi cac diém truy
van.

d:X X X = R 1a mot 6 do khoang cach gitra 2 diém dit liéu x; va x; (co
thé dung céac do do Euclide, Manhattan,...), ky hi€u d(x; x;).

r:X — R 1a ham xép hang, trong d6 mdi diém x; dugc gan mot gi tri xép
hang 7. Ta c6 thé xem r nhu mot vector: r = [ry,...,7,]".

Khoitaoy = [y4, ..., ¥,]7, v6i ;=1 néu x; 1a mot truy van, nguoc lai y,=0.

Thuit toan 1.2: Thuat toan xép hang da tap co ban (MR)

Input:

- Tap dix liéu X = {x;, x5...... , X} € R™,

- Truy van q (duoc biéu dién nhu mot diém dir liu)

- S6 lang giéng k

Output: Vector xép hang r* € R", trong d6 7; biéu thi muc d6 lién quan

cua x; dén truy van q.
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Buéc 0: Xay dung d6 thi K-NN trén tap dit liéu X.
Buwéc 1: Tinh ma tran W =/w;],«, 1a ma tran ké véi cac phan tir wy 12 trong

s6 cua cac diém dir liéu x;, x; dugc tinh theo cong thue (1.1):

Y {exp[-dz(xnxj)/ 20°] néu x,€k-NN(x,)
"o Cac truomg hop khac (1.17)
Buwéc 2: Chuan héa ma tran Laplace theo cong thitrc S = D~1/2W D~1/2
(v6i Dy = Y-y wyj la tong hang thir i ctia ma tran W)
Buoc 3: Lap giai phuong trinh: r(t+1) =aSr(t) + (1 —a)y
(1.18)
Véi tham s6 a € (0,1) dén khi hoi tu.
Return.
Dang cong thirc dong dé tinh 7" r* = (I, — aS)~'y (véi I, 1a ma tran
don vi).
Theo [125, 126] thi cong thic (1.18) hditu var* = (1 — a)(I — aS) ™1y
- vo1 I 1a ma tran don vi ¢& n xn. (cong thirc dugce chimg minh ¢ PL2)
Trong thuc té, hé s6 f = (1 — a) khong anh huong dén cac diém s xép
hang, do vay: r* = —aS) 1y (1.19)
Dé tinh toan hiéu qua ham xép hang (1.19), trong [125, 126] da dé xut

ham chi phi xac dinh d6 do xép hang duoc chuan héa boi phuong trinh:

o(r) = (1.20)

> Wy ll—— Tk ,—f’ll N EESA
i,j=1 Z
Ham chi phi O(r) bao gdm hai thanh phan chinh:
+ Phan dau tién lién quan dén clu tric da tap noi tai cua tap dir li€u, nghia
12 m6 hinh hoa mdi quan hé giita cac diém dit liéu dua trén cdu tric khong gian

ndi tai cua ching,.
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+ Phan thtr hai dam béao rang gia tri xép hang méi r; khong chénh léch qua
xa so0 voi gia tri xép hang ban dau y.

Trong do:

+ r 14 vector xép hang ma ta mudn tim.

+ wy; 1a mot phﬁn tir cua ma tran trong s6 W, 1a ma tran ké thé hién murc
d6 tuong quan hoic khoang cach giira diém dir liéu tha i va ;.

+ D 1a ma tran dudng chéo ma mdi phan tir dudng chéo Dy 13 téng cua
hang thtr i ciia ma trén W.

+ 11 12 mot tham sb diéu chinh, can bang giita hai phia ciia ham chi phi.

+y; 1a gia tri xép hang ban dau cua diém dit liéu thir 7.

MR (Manifold Ranking) di duoc sir dung rong rii trong nhiéu ing dung,
tuy nhién dé xur 1y co s& dit liéu quy mo 16n di c6 nhitng han ché xay ra:

1- Viéc xdy dung d6 thi cia MR bang db thi k-NN 1a khéng kha thi d6i véi
dix liéu 16n, vi chi phi xay dung dd thi &-NN 1a O(n’logk).

2- Viéc xép hang da tap cling nhu nhiéu thuat toan dya trén dd thi khac
truc tiép st dung ma tran k& W trong viéc tinh toan. Chi phi luu trit cia mot ma
tran thua Wla O(kn).

3- Viéc Xép hang da tap c6 do phure tap tinh todn 16n vi khai thac ma tran
nghich ddo trong phuong trinh (1.19).

4- Khi mé rong CSDL thi phai tinh toan va xay dung lai toan bd do thi.

Nhu vay, chiing ta can phai tim cach dé xay dung mot d6 thi sao cho thoi
gian xay dung thap va khong gian luu trit nho cling nhu kha niang t6t dé nam
bét cau trac cho dit liéu da tap cuc bd va xur 1y trén céc tap dir li¢u 16n.

1.6 Xép hang da tap hiéu qua va vin dé tra ciru anh

Dé khic phuc han ché ctia xép hang da tap, trong [42] Bin Xu va cac cong

su da dé& xuat phuong phap xép hang da tap hiéu qua. Phuong phap nay tap

trung giai quyét hai van dé chinh:
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1- Xay dung db thi neo (Anchor) c6 kha ning mo rong thay cho do thi -
NN truyén thong.

2- Xay dung mo hinh tinh todn xép hang hiéu qua, c6 chi phi tinh toan nho
bang cach thiét ké hinh thirc méi cia ma tran ké.

MO hinh nay c6 hai pha tach roi: thir nhat 1a pha ngoai tuyén (offline) dé
xay dung dd thi diém neo cho toan bd co s dir licu; pha thir hai 1a pha truc
tuyén (online) dé xtr Iy mot truy van méi.

Khai niém diém neo (Anchor): La mot diém dai dién duoc chon tur dix
lidu gbc dé xay dung mot d6 thi neo (anchor graph) [42]. Cac diém neo s& dai
dién cho cac cum dir liéu twong ty hodc c6 tinh chat gn gidng nhau va khong
chdng 14n 1én nhau.

Do vay diém neo c6 mot sd dic diém sau:

+ Pai dién cho khong gian dit li¢u: Céc diém neo duoc chon sao cho ching
c¢6 kha nang phan anh ciu tric va dic trung ctia toan bo tap dir licu.

+ Béo toan thong tin cdu tric: Mic du s luong cac diém neo it hon nhiéu
so v6i tap dit lidu ban dau, nhung ching van cin bao toan thong tin cau tric
quan trong cta dit liéu. Didu ndy c6 nghia 1a mdi quan hé giita cac diém dit liéu
(nhu khoang cach hoac su tuong tu) dugc phan anh mdgt cach chinh xac thong

qua cac diém neo (cac diém dir liéu c6 chung mét di€m neo thi c6 mdi quan h¢

vo1 nhau).
K-Means Clustering
4
@
X1 |
& = 3 e oo ® .o
®
2 ] ® e o ]
® us g o~
O o 3 00 3 . 0%0°%0 o
& '..'.o.o".:o e
@ uz @ uy or & ........ ....
O e %e ® 000 ®
o 5 -1 X .. ..... ..... ®
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Diém dir liéu 0w O 3 ¢ ® .. ®, 0 © o »
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Hinh 1.10. Cac diém dir liéu va diém neo [41]
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+ D& dang cap nhat va mé rong CSDL: Trong mdt sd trudng hop, tap dir
liéu ban dau c6 thé thay ddi theo thoi gian, khi do cac diém neo co thé duge cap
nhat hoic diéu chinh dé dang dé phan 4nh nhiing thay doi trong dit liéu.

Do vay diém neo c6 thé phan anh cAu trac téng thé cua dit liéu, duoc st
dung nhu mot diém tham chiéu dé uGe lugng va hiéu biét vé& cac mdi quan h¢
va thong tin trong tap di liéu. Hinh 1.10 mé ta diém neo va CSDL.

Xét tap dir liu X = {x,,...,x,} € R™™ véi n mau trong khong gian m
chiéuva U = {uy,...,uy} € R¥™ (d<<n) 1a tap cic diém neo (Anchor) phan
b trong cung khong gian twong tu voi tap dit liéu. Ta dinh nghia r: X — Rla
mot ham gid tri thye dé gan mdi diém dit liéu trong y v6i mot nhan ngit nghia,
v6i muc dich 1a im ma tran trong s Z € R™% dé biéu dién mbi quan hé giira
cac diém dir liéu trong x; € Xva cac diém neo trong u;, € U. Cac gia tri r(x)
duoc udc luong cho mdi diém dit liéu nhu 1a mot trung binh trong s6 cua cac
nhan trén Anchor bé1 cong thirc:

d (1.21)
rG) = ) zur (W), i=Tn

k=1
v6i cac rang budc Y4_, z;, = 1 va z; > 0, trong d6 z; bicu dién trong
sO gitra diem dir li€u x; va diém neo u;. Hinh 1.14 biéu dién di€ém neo va cac

diém dir liéu.

o Biém neo
D ligu (Anchor)

Z3p+Z3z=1

2

Hinh 1.14. Biéu dién quan hé diém neo va dir liéu
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Xay dung d6 thi neo (anchor graph) 14 cach tinh vector trong s6 z; cho mdi
diém dix liéu x; phu thudc vao hai van dé chinh:

1) Cac phuong phap xac dinh diém neo va sé luong ciia neo;

2) Chi phi tinh toan x4y dung d6 thi neo (tinh vector trong sb).

Thong thudng cac diém neo dugc xac dinh bang cic phuong phap nhu:
hoc chu dong [37], lua chon ngau nhién hoic phuong phap phan cum 1a céc
giai phap dang ké can lya chon. Trong cac nghién ctru gan day [36, 38, 39]
diém neo chinh 13 cac tim cym thu dugc thong qua thuat toan phan cum K-
means trén toan bo co s& dir li¢u dic trung.

bé do trong sb cuc bd gifra diém dix liéu x; va cac diém neo u gﬁn x; nhit,
trong [40], S. T. Roweis da dé xuat ham muc tiéu véi ¥ nghia hinh hoc 13 rang:

. 1 NN (x;
mine(z;) = - 116 — Ty 0 UsennnZis |1 (1.22)

v6i didu kién: Yz, = 1,2, = 0

NN(x;) 1a tap chi s6 cua s diém neo gan x; nhat. Day 1a dang bai toan “wdc
lirong trong sé cuc bg”. Bai toan nay co thé duoc giai bang cach sir dung quy
hoach toan phuong chuan (quadratic programming-QP), tuy nhién viéc tinh
toan QP rat tén nhiéu thoi gian. Do d6 mét s phuong phéap da duoc dé xuét dé
giai phuong trinh trén d6 1a phuong phap dua trén phép chiéu Gradient [41]
dugc dé xuat dé tinh toan ma tran trong s6 va phuong phap hdi quy hat nhan
(Kernel Regression) [42] da duoc ap dung.

Trong [41] Liu va cac cong su di dé xuit cac nguyén tic dé tinh ma tran
trong s6 Z va ma tran k& W cho viéc xay dung dd thi neo. Trong [41, 43] trong
s6 do do twong tu giita x; va u; dugc tinh bang cong thiic:

(DK (x )
DY EOLERD) (1.23)

Trong cong thire (1.23) thi &; € {0,1}¥ 1a tap vector chi s6, véi 6;(j) = 1

ncu u; 1a diém neo thr s gan x; nhat. Tap cac U = {uj};(:lcﬁa K diém neo duogc
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khoi tao bang phép toan phan cum K-means (tam cac cum la cac diém neo).

Xay dung ma tran ké W giita cac diém dir liéu duogc tinh theo cong thirc:
W =2zD"1zT (1.24)

Véi Dy, = 2 Zij (1a ma tran duong chéo, la tong hang k cua Z)

Phan ching minh cong thire (1.23) duge trinh bay & PL2.

Thuit toan 1.3: Thuat toan xép hang da tap hiéu qua (EMR)

Input:

- Tap dit litu X = {x, x5...... , X} € R™,

- Truy van q (c6 thé ndm ngoai tap dir liéu)

- Sé neo d «n (vi dy: chon bang k-means)

- Kich thudc 1an can s (s6 neo gan nhét cho mdi diém)

- Tham s6 «

Output: Véc to diém xép hang r* € R™

Budc 1. Xay dung do thi neo:

- Chon tap neo U = {uq, u,...... , Uy} (vi du: chon bang k-means)

- Tinh ma tran trong s6 Z € R™*¢

|xi_uk|)
K( .

Zki = xi—up|\’
Z?=1K(| = k|)

A= |x; —uy| (1.25)

Vi Kernel Epanechnikov: K(t) = %(1 — t?) néu |t| < 1, nguoc lai 0.
Budc 2. Tinh ma tran ké rat gon;
w=2z"Z
Tinh D (dudng chéo): Dy; = Z{ v, véiv = ¥7_, 2
Budc 3. Xt Iy truy van q:
Néu q nam ngoai tap dit liéu, thém cot Zg Vao Z:
)

- m (1.27)

qu
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Budc 4. Tinh diém xép hang:
bit H = ZD~1/2

Dung cong thuc hi¢u qua:

= (In —H" (HHT - %Id)_l H) y (1.28)

Return

Nhén xét: Cac phuong phap lua chon diém neo va sé luong diém neo dugc
dé xut trong cac nghién ctru [36, 38-39, 42, 44] chinh 13 cac tAm cum thu dugc
cua thuat toan phan cum K-means; Viéc xay dung dd thi neo chinh 14 bai toan
wdc luong trong sé cuc bo gitta moi diém dir liéu va cac diém neo lang giéng
c6 thé sai 1éch va tdc d6 tinh toan cham.

Céc hé thong CBIR thudng sir dung phuong phap so khdp ting cip bang
cach st dung cac do do khoang cach nhu Euclid, Mahalanobis, Cosine,... dé
do su twong tu gitta anh truy vin va mdi anh co s¢ dit liéu. Mat khac, hé thong
CBIR duya trén EMR 1a phuong phép khai thac cac méi quan hé lién quan (NN-
Nearest Neighbor) giita vector ddc trung anh truy van tit ca cac vector dic trung
anh dir liéu trong khong gian dic trung nhat dinh, dong thoi xép hang diém sb
ctia cac anh dugce dan nhin dé anh duoc gan nhan lan truyén dén anh khong c6
nhan qua mot d6 thi c6 trong sd [45, 46]. Trong cac nghién ctru [36, 47-50] da
chtrng minh duoc hiéu qua ciia EMR trong CBIR véi biéu dién anh bang két
hop céac dic trung mire thap. Mat khac trong khong gian cac dic trung truc quan
mure thap ctia anh c6 thé 13 mot da tap [44, 51] do vay hinh anh lién quan c6 xu
hudng hinh thanh cadc cum nao do6 trong khong gian dic trung; hinh anh khong
thich hop c6 thé hinh thanh mét s6 cum dir liéu khac nhau v6i ngir nghia khac
nhau. Gia tri xép hang c6 thé duoc coi nhu mot phép do khoang cach da tap, co
¥y nghia hon dé ddi sanh mirc do lién quan ngit nghia.

Tra ctru anh str dung thuat toan MR trong CBIR:
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rO=adSrc-D+a-ap| |5

Chuan héa ma tran thwa twong tw i

Vector cac gia tri twong tw voi
truy van

Hinh 1.15. Qua trinh tra ciru trong MR véi dd thi K-NN

Céc thuat toan MR da chiing minh dugc hié¢u qua trong CBIR trén céc tap
CSDL nhé véi cac diém dit liéu truy van & trong CSDL, khi phat sinh mot truy
van & ngoai CSDL cac thuat toan MR chua xtr 1y dugc va cho hiéu qua tra ctru
rat thap. Pé thuc hién dugc trén cac tdp CSDL 16n va c6 thé mé rong CSDL va
tra ctru dugc theo thoi thuc, trong cac nghién ctru [39, 45, 49, 79] da dé xuét st
dung xép hang da tap hiéu qua trong CBIR. Cac mé hinh dé xuét chia hé théng
thanh hai pha nhu hinh 1.16. Hé théng CBIR sir dung xép hang da tap hiéu qua
da chimg minh duoc hiéu qua tra ctru trén CSDL 16n va co thé thyuc hién theo

thoi gian thuc va do chinh xéc cling dugc cai thién.

Ma trén trong sd turong tur

S Xy dyng do thi con v&i diém neo

PR s NG

AN LT
Gy

Vector tiromg tu e ™S ® ; L L] e ®© % & & &

8 5 8 3 % &/
q q - Y % y ! -
é . */T r/ "\ »/ LS\
. )/ ¢ A |'j'/ . 1 .
tryge : 4 g
tuyen 3
. rt L ¥
| Z=ys Z =y st(mtt+nd)’ ) Y =yl (nli+n0) 8
] @® ® Piémtraciu Biém khéng tham gia xép hang Piém neo

Hinh 1.16. M6 hinh hé thong CBIR véi SGR [39]

1.7 Phwong phap danh gia hiéu qua trong CBIR

Trong tra ctru anh theo ndi dung vi¢c danh gid hi¢u nang 1a cong viéc quan
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trong. Trong [52] Muller-Henning va cac cong su dua ra do do luong hi€u nang
ctia cac hé théng CBIR thuong sir dung nhu 1a d6 chinh xéac (precision (Pr));
d6 triéu hoi (recall (Re)). Néu s6 cac anh lién quan dén anh truy van cu thé 1a
Ao, sd cac anh khong lién quan dén truy van cu thé 1a Bo, téng sb cac anh duoc
truy van Do va sd céac anh lién quan dugce truy van Eop.
Do chinh xac 1a ti s6 giita cac anh lién quan dugc truy van véi tong sb cac
Eq

anh truy van, dugc tinh theo cong thirc: Pr = N
Q

D0 tri¢u hoi 1a ti s6 gifra sO anh lién quan dugc truy van vai toan bd s

anh c0 lién quan trong CSDL: Re = j—Q
Q

D¢ chinh x4c trung binh ARP (Average Retrieval Precision) thuong
dugc st dung dé danh gia do chinh xac cua phwong phap duoc st dung trong
CBIR. Hiéu qua truy van chung ctia mot hé théng dugc do bang trung binh tat

ca do chinh xac. ARP dugc tinh toan nhu sau:
ARP = average (Z P) (1.29)

Vi P; 13 d6 chinh x4c ctia mdi truy van. N6 12 méot do do hiéu qua dé biéu dién
hiéu suat ctia hé thong CBIR. Trong céc thuc nghiém & chuong 2 va chuong 3,
luan an str dung do chinh xac trung binh dé danh gia hiéu qua ctia cac phuong
phap.

Véi trudng hop nhiéu truy van, do chinh x4c trung binh trén tat ca cac

truy van ky hiéu 14 MAP (Mean Average Precision) duoc dinh nghia nhu sau:
1 Q (1.30)
MAP = — Z AF,
Q =

v6i O 1 tong s6 anh truy van.
Hau hét cac nghién ctru trude day chi dé cap dén gia tri trung binh cia
MAP, nhung qué trinh thir nghiém ciing chi ra rang mic du MAP c6 thé cao,

hinh anh c6 két qua tra ctru kém van ton tai. Do do, luan an da thém cac cong
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thire: minP, oP [CT1, CT2] dé xéac dinh d6 chinh xéc tdi thiéu va tinh dong déu
ctia két qua tra ctru dbi vé6i tat ca cac hinh anh trong Q. Chi sé minP rat quan
trong dé kiém tra va loai bo cac trudng hop bi suy giam giy ra két qua kém.
Gi4 tri minP duoc cai thién danh gid hiéu qua phuc hdi trong cac truy van cho

két qua xau nhat.

minP = min (ﬁ) %100 (1.31)
1sjslQI \ N '
Gi4 tri 6P nho ching t6 rang d chinh xéc la ddng déu va tét cho tat ca cac
hinh anh truy van trong Q.
m.
_ J
oP = O'{W* 100} (1.32)

15j<Q

Tong quan vé cac do do danh gia hé thong CBIR c6 thé tim thdy trong
[53]. Dé thé hién y nghia thong ké, hiéu qua tra ctru dugc tinh trén sb luong cac
truy van. Thong thuong, s6 lugng cac truy van 1a tir 100 dén 1000 [54]. Kich
thude cua tap dit liéu anh 1a tir 1000 dén 20.000 [55]. V&i cac hé thdng tra ciu
quy md 16n, kich thudc tap dir liéu anh c6 thé 1én dén 80 triéu [56]

1.8 Mot s6 CSDL thuc nghiém cho tra ctru 4nh

Luén an tién hanh cac thuc nghiém trén céc tap dit liéu (1) Sign300HD, (2)
Corel30K, (3) Leaf30 va (4) VGG-60K [57].

Tap dir liéu thi nhat: Bo suu tip hinh anh gdc Corel Photo Gallery [58]
noi tiéng trong cong dong nghién ciru bao gdm hon 800 dia CD, mdi dia chua
céc anh cua mot khai niém chu dé cu thé tién canh ndi bat. Cac khai niém chu
dé nay c6 thé rat rong nhu “dai duong, mua thu” hodc c6 thé giéi han pham vi
nho hon nhu “hoang hén, dudng cao téc”. Do sy phirc tap cla cac chi dé anh
thay ddi tr loai nay sang loai khac va ¢& ctua bg suu tap la rat 1én nén toan bo
tap anh thuong khong duoc sir dung trong mot hé thong tra ctru cy thé. Dicu do
dan dén tinh trang mdi nhom nghién ciru tao ra bo Corel con cua riéng minh

trong cac thuc nghiém cua ho.
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Pé danh gia d6 chinh xac cia cac phuong phap tra ctru, nhiéu hé thong
CBIR sir dung mét tap con ctia Corel Photo Gallery gom 31.695 anh lam tap
dir liéu anh thir nghiém [58] goi 1a tap Corel30K. Tap Corel30K bao gom 306
chu dé khac nhau va mdi chu dé thuong c6 100 anh trir mot sb it cha dé c6
nhiéu hon 100 anh. Kich thudc cua mdi anh trong mdi chu dé ¢ dinh 1a

256x384 hodc 384x256. Mot sb anh minh hoa trinh bay nhur Hinh 1.17

Hinh 1.17: Mt s6 hinh anh trong tip CSDL Corel30K
Tap dir liéu thu hai Leaf30 [59], gém 11600 hinh anh 14 cay cua 30 loai
cay khac nhau va dugc dit trong 58 nhom, véi modi nhom gém 200 anh ctia mdi
loai 14, trong d6 ¢6 chira hinh anh 14 khoe manh, 1a sau bénh (tir 1 -5 loai bénh).

Hinh 1.18 chi ra mdt s6 mau anh trong tap dir liéu nay.
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Hinh 1.18: Mot s6 hinh anh trong tip CSDL Leaf30
Tap dir liéu thir ba Sign300HD [59], gdm 4370 hinh anh chir ky cta 300

ngudi. Bo dir liéu nay duoc tong hop tir nhidu ngudn, bao gdm: GPDS 1-150,

ICEDAR, Bengali va thu thap tir chit ky thyuc té ctia 50 ngudi tai Truong Dai

hoc Hong DPtrc. Pay 1a bd dit liéu phirc tap va chua gan nhan. Tap dix liéu cd

cau triic 300 16p, v6i 16 anh trén mot 16p, c¢6 dung lugng 285 MB. Anh chir ky

duoc danh sb tir 01-16 trong mdi thu muc. Hinh 1.19 chi ra mot s6 mau anh

trong tap dit li¢u nay.
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Hinh 1.19: M6t s6 hinh anh trong tip CSDL SIGN300HD
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Cubi cung tap dir liéu VGG-60K [57] 1a tap con cua tap dir li€u hinh anh
dé nhan dang khuoén mit VGGFACE2 vé&i 169396 anh trong 500 16p. Tap
VGG-60K bao gdm 60.000 hinh anh cia 500 ngudi dugc 1dy ngiu nhién tir bd
dir liéu VGGFace2. Bo dir liéu dugc chia thanh 500 16p, mdi 16p chira 120 anh,
c6 dung lugng 768 MB. Tén hinh anh dugc gan bdi tén thu muc vaoi sb thir tu
hinh anh trong thu muyc... Hinh 1.20 chi ra mot sé miu anh trong tip nay. Anh

trong cac tap dir licu co6 kich thudc, d§ phan gidi va mau sac khac nhau.

Hinh 1.20: Mgt s0 hinh dnh trong tip CSDL VGG-60K

Céc tap dir liéu nay dugc to chirc thanh cac 16p ngit nghia theo cach con nguoi
nhan thire vé& d6 tuong tu. Mai 16p biéu didn mot chu dé nglr nghia khac nhau, cac
anh trong cing mot 16p duge xem 13 lién quan. Bang 1.3 mo ta s6 lugng va sb 10p

anh trong cac tap dir li¢u thuc nghiém.
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Bang 1.5. Cac tap dir liéu anh

Tap anh S6 lrong anh S6 16p anh
Leaf30 11600 116
Sign300HD 4370 300
Corel30K 31695 306
VGG-60K 60000 500
Dermnet 5888 23

Vé mat thuat toan, cac hé thong CBIR chu yéu tap trung xir 1y ting anh
dua trén dac trung hinh anh (dac trung muc thép, muc cao) va thong tin
metadata, ma khong phu thudc vao dir li€u mo ta ctia nguoi dung. Do do, co
thé xem xét cac anh trong tap dir liéu anh ma khong can khai thac thém thong
tin bo sung tir bén ngoai.

Tuy nhién, trong cac hé théng CBIR trién khai thuc t& nhu Google Lens,
Bing Image Search... anh thuong di kém véi thong tin chuyén dé va dugce luu
trit trong mot co sé dit liéu anh (CSDL anh). Bé dam bao tinh nhat quan va
thuan tién trong trinh bay, luan an nay sir dung dong thoi hai thut ngit tap dir
liéu anh (dataset anh) va CSDL anh, ma khong qua nhdn manh su khac biét
gilta ching.

1.9 Két luin Chuong 1

Trong chuwong 1 luan 4n da trinh bay vé tra ciru anh dya trén ndi dung, cac
dd do khoang cach, d§ do tuong tu, tiép can hoc do do khoang cach, do do
tuong tu 1 thanh phan quan trong trong cac hé théng CBIR.

Ciing & trong chuong nay luan 4n tap trung gidi thiéu va phan tich cac xép
hang EMR cho dic trung murc thip, xép hang EMR cho dic trung mirc cao (bao
gom: dic trung CNN, dic trung véc to nhung), qua d6 rat ra mot s6 két luan vé
st dung EMR cho CBIR nhu sau:

- Uu diém

+ Vira c6 tinh dia phuong: 1dy theo 14n can gan nhat; vira c6 tinh toan cuc:

co tinh lan tda gitra cac lan can.
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+ Pua ra dugc do twong ty giita anh truy van va anh trong CSDL ¢6 hiéu
qua kha tot.

+ Nhwoc diém

+ Du d4 cai tién tir MR sang EMR tuy nhién voi hé thdng anh 16n thi s6
anchor 16n nhung hé théng van chdm. Véi phép toan ma tran tinh toan s luong
anchor 16n thi rat cham.

+ Néu thém anh méi vao co s& dit liéu thi c6 kha ning phai xay dung lai
mo hinh EMR (tinh lai ma tran Z).

+ Chi xac dinh dugc anh truy van va anh trong co so dit liéu nhu vay s&
khong tinh dugc do tuong tu anh cua 2 anh nam ngoai co so dir ligu.

Ttr @6, Luan an dua ra 02 van dé can giai quyét.

Vin dé 1: Xay dung bd xép hang CSDL anh theo anh truy vin dua
trén nhiéu b xép hang EMR.

(C6 rat nhiéu loai dic trung anh (biéu dién 4nh), néu chi ding mot xép
hang EMR thi khong khai thac duoc diém manh cta tung loai ddc trung, vi vay
can két hop nhiéu bo xép hang EMR. O day ta xem anh nhu mot biéu dién boi
nhiéu bo dic trung, xay dung do do khoang céach, do do tuong tu ctia cac cap
anh dya trén cac do do khoang cach, do do tuong tu cta tung bo dic trung.)

Vin dé 2: Xay dung mot d9 do twong tw anh dwoc hoc dwa trén két
qua xép hang ciia EMR.

Xay dyng d6 do twong tu trén dic trung anh (chinh trong sb ctia cac thanh
phﬁn dac trung) sau do su dung dir liéu anh dau vao va hoc dé tao ra 1 véc to
tuong Gmg véi anh dau vao (véc to nhing).

Chuong 2 va Chuong 3 ctia ludn an nay sé tap trung giai quyét cac van dé

1 va van dé 2 dé nang cao do chinh xac cho cac hé thong CBIR.
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CHUONG 2: PHUONG PHAP TRA CUU ANH SU DUNG THUAT
TOAN KET HQP NHIEU BQ XEP HANG PA TAP HIEU QUA

Trong Chuong 1 d3 gi6i thiéu va phan tich mot sd ki thuét duoc st dung
trong CBIR va xép hang da tap trong CBIR. Dé ning cao d6 chinh xac trong
CBIR, tr cac phan tich trong Chuong 1, luan an nhan théy EMR hiéu qua trong
viéc khai thac cdu trac phi tuyén cta dit 1iéu anh, vi vay trong Chuong 2 luin
an dé xuat phuong phap két hop nhiéu bo xép hang EMR (CoEMR), danh gia
hiéu qua cua thuat todan CoEMR dé xuét trén mot sb tap dir liéu co6 dang “da
tap” véi cac chi s6 khac nhau. Chuong 2 ciing dua ra thuc nghiém cho hé théng
CBIR trén céc tap dit lieu VGG60K, LEAF30... Noi dung nhitng dé xuat cua
chuong nay 1a két qua dd dugc cong bo tai cong trinh nghién ciru [CT1-CT4].

Céc phuong phéap xép hang trén d6 thi nhu: AGR[38], SGR [39], MR [33-
35] va EMR [36, 38,39,42] da dugc 4p dung rdng rai trong vi¢c tra ctru thong
tin va dugc chimmg minh 1a ¢6 hi¢u suét cao trén nhiéu loai dit liéu khéac nhau.
bac bi¢t, trong cac nghién ctru [59, 116, 127] MR, EMR da duogc ap dung trong
CBIR. Tuy nhién, MR c6 han ché khi xir Iy cac co s& dit liéu quy mé 16n - doi
hoi chi phi tinh todn cao, trong ca giai doan xdy dung d6 thi va tinh toan xép
hang. D¢ giai quyét nhitng han ché ciia MR, EMR céc nghién ctru nhu: tra ciru
anh dya trén mé rong xép hang da tap SMR (Scaling manifold ranking based
image retrieval) [33], Tra ctru anh dua vao xép hang da tap tong quat - GMR-
Generalized manifold-ranking-based image retrieval [39], Xép hang da tap
nhanh cho tra ctru anh dua vao no1 dung - FMR(Fast manifold-ranking for
content-based image retrieval) [41] ... cac phuong phép trén déu dua vao xép
hang da tap tong quat véc to dic trung muc thap hoic muc véi cac diém dir
liéu, diém neo duoc xay dung dua vao dd thi K-NN va 6n dinh toan cuc. Tuy
nhién cac phuong phap nay chi 4p dung cho dic trung mie thap hoic mirc cao

va chua xir 1y cac tinh hudng tra ctru véi diém truy van bén ngoai CSDL.
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Do vay, cac phuong phép cai tién di két hop dic trung murc thap va mirc
cao nhu: Tra cru hinh anh dya trén ndi dung biang cac két hop thong tin dic
trung cua hinh anh - Content based image retrieval using image features
information fusion [118], Str dung xép hang da tap véi da dic trung trong tra
ctru &nh - MMR (Multi-Manifold Ranking: Using Multiple Features for Better
Image Retrieval) [113], Tra ctru hinh anh hiéu qué dua trén lwa chon diém neo
trong EMR véi su két hop dic trung thdp va muc cao - (Efficient content-based
image retrieval based on anchor point selection in manifold ranking with
combined CNN and low-level features) [128], Tang cuong phan hoi lién quan
dai han trong CBIR véi tdi wu hda mo rong do thi con - SRG (A scalable sub-
graph regularization for efficient content based image retrieval with long-term
relevance feedback enhancement) [122], cac phuong phap dé xuat nhim khic
phuc han ché cua viée st dung riéng ré ting dac trung va thuc hién tinh toan
xép hang duoc trén cac tap CSDL 16n, cac phuong phap nay chi yéu tap trung
huéng sir dung nhiéu dic trung anh trong xép hang EMR nham ting cuong hiéu
qua tra ctru anh. Mic du céc tiép can nay 1a kha hiéu qua nhung do chi sir dung
mot bd xép hang nén cac phuong phap nay van ton tai han ché 1a khong tan
dung duoc cac diém manh cia ting b dic trung anh (khéng linh hoat trong
viéc diéu chinh tham s6 dé ting do chinh x4c xép hang), ngir nghia ctia anh va
tang d6 phirc tap tinh toan (chiéu cua véc to dic trung rat cao).

Trong chuong ndy luan an dé xuat k¥ thuat t6 hop xép hang EMR thir nhat
cho dic trung muc thdp va EMR thir hai cho dic trung mirc cao va xay dung
mo hinh tra ctru anh dua vao thuat toan CoEMR.

2.1 Tiép can két hop dic trung mikc thip va dic trung CNN trong md
hinh CoEMR dé xuét

Trong phan nay, luan an s& gidi thiéu mot phuwong phap két hop moi goi

132 CoEMR nham cai thién hiéu qua tra ciru anh thong qua viéc st dung dong
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thoi cac dic trung muc thap va dic trung CNN. CoEMR dua trén viéc ap dung
hai xép hang EMR riéng biét: mot xép hang cho cac dic trung muc thap va mot
xép hang khéc cho cac dic trung CNN. Sau khi cic anh trong co so dit liéu
dugc danh gia va xép hang theo ting dic trung, két qua tir hai xép hang nay s&
duoc két hop lai dé tao ra mot thi hang md&i cho tung anh trong co s¢ dir liéu
s0 v6i anh truy van. Cach tiép can nay khong chi tan dung toi da thong tin tir
ca hai b dic trung ma con gitp nang cao d6 chinh xac cta hé théng truy van
hinh anh, ddm bao rang cac két qua tra vé phan anh dung murc d6 twong tu gitra
cac anh mot cach toan dién hon. Phan trinh bay nay sé& di siu vao chi tiét ting
budc cia phuong phap két hop CoOEMR, tir qua trinh xép hang ban dau dén
cach thirc két hop két qua dé tao ra xép hang cudi ciing cho cac anh trong co s
di licu.

2.2 Phat biéu cac rang budc cho 16p ham két hop xép hang

P6i véi mot anh tra ctru I, va CSDL E chtra n anh, mdi anh T trong E s€
¢6 2 tht hang a va b dya trén cac mo hinh xép hang EMR khac nhau (chang
han nhu EMR¢ cho dic trung muc thap va EMRyr cho dic trung mirc cao),
khi két hop lai s€ tao ra mot thir hang mai1 cua anh I so voi 1.

Pé két hop xép hang 2 véc to xép hang CSDL anh theo anh truy van, luan
an su dung mdgt 16p ham CB két nhap 2 s6 thuc (co thé am) thanh mot s6 thuc
duy nhét. Chung ta c6 thé phat biéu dang tong quat cho ham két hop 2 xép hang
r = CB(a, b) & ddy CB 1a ham 2 bién s6 thoa man:

Yéu cau 1. min (a, b) < CB(a, b) < max(a, b), véi moi sb a,b

Yéu cau 2. CB 1a khong giam theo nghia:

CB(al,bl) = CB(az,bz), vo1 mOl a, = a,, b1 > b2.

Céac ham CB dugc st dung trong luan an bao gém:

- Két hop tuyén tinh CB(ryry) ={ar, + fr}. (@, >0,a+p=1) (2.1)
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if , = th

- K&t hop kiéu Iya chon: CB(ry 1) = {’;f 2.2)
2
- Két hop dang lu§y thira bac 1é:
3 [{r3+r3} .
CB(ryry) =4\ 2z = Yn+tn=z0 2.3)

min(ry, 13)

Mo hinh dé xuét hé théng CBIR st dung phuong phéap két hop cac bo xép
hang EMR dugc mo ta tai hinh 2.1.
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Hinh 2.1. M6 hinh hé thong dé xuat CBIR véi viéc sir dung két hop xép
hang CoEMR

Kién tric dé xuat hé théng CBIR trong hinh 2.1 bao gdm céc budc sau:

+ Pha ngoai tuyén:

1. Co so dit lidu anh duoc trich rat cac dic trung murc thip (low-level
feature), dong thoi str dung mo hinh tién huan luyén dé trich xuat véc to dic
trung murc cao (dac trung véc to nhung [CT1], dac trung CNN [122]);

2. Chuan hoa cac vector dic trung murc thap [60].

3. X4y dung xép hang EMR cho bd dic trung muc thap, xdy dung xép
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hang EMR cho dac trung mtc cao (véc to nhing, CNN).

4. Két hop xép hang EMR cho dic trung mirc thap va xép hang EMR cho
dic trung muc cao theo ba (03) phuwong phap: Két hop tuyén tinh, két hop kiéu
lya chon, két hop dang Iliy thura bac 1é.

+ Pha truc tuyén:

Anh truy van duoc trich rat dic trung mirc thap, véc to nhung va st dung
xép hang EMR dbi sanh cac anh tuong tu va dwa ra két qua truy van [CT1, CT2,
CT4], cu thé:

Céu trac d6 thi neo trong EMR duoc xdy dung véi cac budc sau:

Budc 1: Xay dyng C diém neo: Chon C diém tir khong gian dit liéu hodc
c6 thé thong qua mot qua trinh lya chon ngau nhién hodc mot phwong phap t6i
rru nao d6. Piém neo nay s& dong vai tro 1 cac diém tham chiéu trong khong
gian dir liéu.

Budc 2: Tim s diém neo gan nhat v6i mdi diém dir lidu x;: Dbi véi mdi
diém dir liéu trong tap X, xac dinh s diém neo gﬁn nhét véi no, thuong dua trén
mot tieu chi khoang cach nhu khoang cach Euclide.

Budc 3: Tim trong sb hdi quy z; cta s diém neo d6i voi mdi diém dir liéu:
D6i véi mdi diém dir liéu, tinh cac trong sb hoi quy z; ma thong qua do c6 thé
biéu dién moi quan h¢ gitra cac diém dir liéu dua vao cac diém neo.

Budce 4: Xay dung ma tran hoi quy Z: Ma tran Z duogc tao ra tur cac trong
s6 hoi quy cua tat ca cac diém dit liéu, thé hién muac d6 lién két cta timg diém
dit liéu v6i cac diém neo cua no.

Budc 5: Xay dung ma tran ké ¢ trong s6 W: Dya trén ma tran hoi quy Z,
xay dung ma tran ké W dé biéu dién mdi quan hé va su tuong tac giita cac diém
dit liéu ban dau dva vao cac diém neo.

2.3 Két hop lwa chon 2 xép hang EMR.

Y tudng dé xuat két hop lua chon xut phat tir viéc nhan thiy rang c6 mot
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sb loai dic trung CNN trén mét 16p anh c6 do phan biét rét cao, vi du nhu céac
vector nhing dugc xac dinh bd1 mo hinh FaceNet cho cac anh khuén mat. Wang
va cong su [38] da phén tich va thir nghiém vé bo dit liéu ImageNet va chi ra
rang hai biéu dién dic trung fc4096a va fc4096b, duoc trich xudt tir 16p tha
nhat va 16p tht hai ciia AlexNet, ¢ tinh khai quat tt hon kha nang hon cac dic
trung khac va mang lai hiéu suat cao.Trong céac trudng hop ndy, dic trung CNN
thuong thé hién hiéu qua vuot troi, mang lai d0 chinh xac cao trong tra ctru anh.
Tuy nhién, do céu triic phan ting ctia mang CNN, nén ciing ¢6 nhimng truong
hop dac thu ma viéc str dung don thuan dic trung CNN lai khong mang lai két
qua mong mudn [118].

Khi két hop voi cac ddc trung muc thap, phuong phap nay co thé cai thién
dang ké két qua truy van cho nhing truong hop ma dic trung CNN khong dat
hiéu qua cao. Pic trung mirc thap nhu mau sic, hinh dang, va két cau gitp bd
sung thong tin can thiét, 1am tang kha ning phan biét va nang cao do chinh xac
ctia hé théng truy van. Vi du, néu mot anh truy van c6 két qua rat kém khi chi
str dung dic trung CNN, viée két hop véi dic trung muc thap co thé gitp cai
thién dang ké két qua truy van.

Hinh 2.2 cho thiy rd rang viéc nhitng hinh anh c6 d6 chinh xé4c cao khi st
dung dic trung CNN van gip kho khin trong mot sb truong hop dic biét, nhung
khi két hop véi dic trung muc thip, két qua truy van duoc cai thién dang ké.
Diéu nay ching to rang viéc két hop Iya chon khong chi gitip tan dung toi da
ru diém cua ca hai loai dic trung ma con mang lai mot hé théng truy van hinh
anh toan dién va hiéu qua hon. Phuong phép nay s& dugc phan tich chi tiét trong
cac phﬁn tiép theo cua luan an, bao gém cac budce thuc hién cu thé va cac két

qua thuc nghiém minh hoa cho hiéu qua cia phuong phap.
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Hinh 2.2. Két qua tra ciru anh sir dung dic trung CNN, cho két qua tot.
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Hinh 2.3. Két qua tra ctru dnh st dung dac trung CNN, dnh ¢6 “cam

quan” tét nhung két qua tra ciru lai kém.
Trong phan nay luin an dé xuit ky thuat két hop kiéu lya chon 2 bo xép

hang EMR cho dic trung mic thap, dic trung véc to nhing va xay dung mo

hinh tra ctru anh dua vao thuat toan CoEMR-S.
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Két hop CoEMR kiéu lwa chon (CoEMR-S)

Gia str rang tap dir liéu anh gdc, mdi anh c6 mot vector dic trung duy nhat
tuong Gmg va v&i mot anh truy van Io, hé thong chon xép hang theo hinh anh
dic trung muc thap 2.0 két hop v6i xép hang cua hinh anh dic trung vector
nhang 7,y 0,i> trong d6 cic vector xé&p hang dugc tinh bang EMR.

Sau day la thuat toan chi tiét ma ludn an dé xuét.

Thuéat toan 2.1. COEMR-S (Thuat toan két hop lua chon 2 bd xép hang
EMR).

Input: {I;};;<, 12 tap anh gdc, 1o anh truy vén.

M*N la kich thudc anh chuan héa cho huin luyén theo thuat toan FaceNet.

d: s chiéu ctia mot vector dic trung anh.

C: sb luong diém neo cta thuat toan EMR, tham sé a € (0,1) (a = 1),

th: ngudng, th > 0.

Output: 7 1a thir hang tuong tu véi anh I ctia anh [; trong CSDL anh E.

Buéc 1 (ngoai tuyén): Xay dung dod thi EMR [146]

Buéc 1a. Huan luyén tap anh E theo md hinh FaceNet véi kich thudc
chuan hoa anh dau vao 1a M*N, thu nhan duoc:

1.1. Tham sb model Wgmpy.

1.2. Chay tung anh {/;},<;<, qua mo hinh thu dugc tap cac vector dac
trung {v. E;}1<j<p, vOi chiéu demsy=128.

1.3. Xac dinh C diém neo {A, };<.<c cua tip anh {I;};<;<,, dua trén thuat
toan Kmeans, str dung cac dac trung vector nhung {v. E; };<;<n

1.4. Xac dinh ma trin ké W=(wj;) ciia thuat toan EMR sir dung cac vector
nhung trich xuét tir mang FaceNet {v. E;}1 <j<n.

1.5. Xac dinh ma trén trong s6 Z kich thuéc C*n caa EMR.

Buéc 1b. Trich rat dic trung muc thip: Color Moments, LBP, Gabor

Wavelets Texture, Edge va GIST, thu dugc tap véc to dac trung voi s6 chiéu
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dir=809. Lap lai bude 1.3 - 1.5 nhu ¢ bude 1a véi dic trung muc thap.

Buéc 2 (truc tuyén): Két hop xép hang 2 EMR

2.1. Chuan héa anh I vé kich thudc M*N, chay qua mé hinh FaceNet da
xac dinh ¢ budc 1.1, thu nhan dugc vector dac trung vector nhing v.Eq véi d
chiéu.

2.2. M¢ rong ma tran Z theo EMR [42] (c6 thé xem cong thirc (4) & trén):
St dung C gia tri khoang cach ctia Eq v6i cac phén tir neo cia A., chung ta thu
dugc ma tran trong sd Zo méi ¢6 kich thude C*(n+1).

2.3. Dat 1y = {rihicisn+1, 7 = OVi = 1,n,7,,, = 1.0. TUr ma trdn trong
sO Zq chiing ta xac dinh vector thir hang 7,,,;, = rEme_Q,ibfmg thuat toan EMR
[42].

Budére 3: Lap lai bude 2.1 - 2.3 nhung véi dic trung mirc thap 1£E; ta dugc
gia tri Xép hang la ryf = r[’}_v_Q,i

Buéc 4: Két hop vector xép hang ciia 2 EMR:

Két hop kiéu lua chon:

* - f a > th
r° = {CB(remb'i’rlf’i)}lsiSn, (02 do CB(a, b) = {Z lf ¢ ‘

Két qua tra vé: r*,

Danh gia d¢ phuc tap cua thudt toan CoEMR-S

Thuéat toAn CoEMR-S chia thanh 2 pha: offline, online va dugc thuc hién
bang cach t6 hop 2 xép hang EMR.

Déi v6i pha offline, do phic tap 1a:

Phan cum K-means, xac dinh n x C khoang cach gitra tung tdm cym va
cac diém dir lidu: O(C*n*d).

Tinh toan xép hang truy van: O(n*C+C?)

trong do C 1a s6 cum, n sb mau dau vao, d sb chiéu véc to dic trung.

Déi v6i pha online, d6 phire tap 1a: O(C*n*d)

Vay thuat toan CoEMR-S c6 d6 phuc tap tuong duong voi do phic tap
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cia EMR gbc [42] 1a O(dn + d?).

Nhan xét: Thuit toan COEMR-S cung cap mdt cach két hop kiéu lua chon
xép hang ctia EMR cho dic trung muc thip va EMR cho dic trung vector nhing
mot cach hi¢u qua, bo tro két qua cho nhau tir 6 lam tdng dg chinh xac cua két
qua truy van hinh anh trong CBIR.

2.4 Két hop tuyén tinh 2 xép hang EMR.

Y tuong dé xuét két hop tuyén tinh xuat phét tir viéc nhan thay rang d6i
v6i anh chit ky thi ddc trung mo ta anh chit ky 1a han ché, khi 4p dung bai toan
nhan dang anh chix ky: dic trung murc thip (HOG, LBP) mo ta tdt cac dic diém
ctia anh chir ky nhu canh, goc, diém ndi bat, trong khi dic trung CNN (SigNet)
c6 kha nang hoc dac diém bién, hodc mau hinh hoc [133]. Luan an tim céach
dua ra mot mo hinh két hop tuyén tinh dé c6 thé tan dung dugc tinh chat cua
toan bd cac dac trung muc thép, muc cao.

Diéu nay c6 thé ddng nghia v4i viée mé hinh c6 kha niang hoc va tan dung
t6i da dac trung khac nhau tir dit lidu anh chit ky, mo ta ca tinh cuc b va tinh
toan cuc cia anh, giup cai thién kha ning tong quat hoa va do chinh xac cia
mo hinh. Phuong phép két hop tuyén tinh cac bo xép hang EMR bao gém céc
bude thuc hién cu thé va cac két qua thyc nghiém minh hoa cho hi€u qua cua
phuong phap.

Trong phan nay luan 4n dé xuat ky thuat két hop tuyén tinh 2 bo xép hang
EMR cho dic trung mirc thip, dic trung CNN (SigNet) va xdy dung mo hinh
tra ctru anh dua vao thuat toan CoEMR-L.

Két hop CoEMR kiéu tuyén tinh (CoEMR-L)

Gia st rang trong tip dit liéu anh gbc, mdi anh c6 mot vector dic trung
duy nhét trong ng va véi mot anh truy van Io, hé théng chon xép hang theo
hinh anh dic trung muc thap Tfv.0.i két hop véi xép hang cia hinh anh dic

trung CNN ¢y o.i» trong d6 céc vector xép hang dugc tinh bang EMR.
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Sau day 1a thuat toan chi tiét ma luan an dé xuat.

Thuét toan 2.2. COEMR-L (Thuét toan két hop tuyén tinh 2 bo xép hang
EMR).

Input: {I;};;<, 12 tap anh gdc, 1o anh truy vén.

M*N 14 kich thudc anh chuian héa cho huin luyén theo thuat toan
EfficientNet.

d: s chiéu ctia mot vector dic trung anh.

C: sb luong diém neo cia thuat toan EMR, tham sé a € (0,1) (a = 1),

0, P:trong sd két hop tuyén tinh xép hang ctia 2 EMR, a, p >0, o+ p = 1.

Output: 7 1a thtr hang tuong tu véi anh I ctiia anh [; trong CSDL anh E.

Buéc 1 (ngoai tuyén): Xay dung dé thi EMR

Buwéc 1a. Huan luyén tip anh E theo md hinh SigNet véi kich thudc chuan
héa anh dau vao 1a M*N, thu nhén dugc:

1.1. Tham s mo6 hinh Wenn.

1.2. Chay tung anh {/;},<;<, qua mo hinh thu dugc tap cac vector dac
trung {v. E;}1<;<p, vOi chibu denn=256.

1.3. Xac dinh C diém neo {A }1<.<c cua tap anh {I;}, ;< theo thuat toan
K-means, str dung cac vector dac trung CNN {v. E; }1<i<n

1.4. X4c dinh ma tran ké W=(w;j) cua thuat toan EMR sur dung cac vector
déc trung CNN {v. E; }; <i<n-

1.5. Xac dinh ma trén trong s6 Z kich thuéc C*n caa EMR.

Buéc 1b. Trich rat dic trung muc thip: Color Moments, LBP, Gabor
Wavelets Texture, Edge va GIST, thu dugc tap véc to dic trung véi sb chiéu
dir=809. Lap lai bude 1.3 - 1.5 nhu ¢ bude la véi dic trung muc thap.

Budérc 2 (true tuyén): Két hop xép hang 2 EMR

2.1. Chuan héa anh Io vé kich thuéc M*N, chay qua mo hinh SigNet da

xac dinh ¢ budc 1.1, thu nhin dugc vector dac trung CNN v.Eq véi denn chiéu.
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2.2. Mé rong ma tran Z theo EMR [42]: St dung C gia tri khoang céch
cua Eq voi céac phﬁn tor neo cua A., ching ta thu dugc ma tran trong ) Zq maoi
co kich thudc C*(n+1).

2.3. Dat g = {rihicicn+1, i = OVi = 1,n, Tne1 = 1.0. Tr ma tran trong
sb Zq chung ta xac dinh vector tht hang 7;,,,, = rC*NN_Q,l-belmg thuat toan EMR
[42]

Buéc 3: Lap lai bude 2.1 - 2.3 nhung véi dic trung murc thap If.E; ta duoc
gia tri xép hang la Tf = Tifpoi

Buéc 4: Két hop vector xép hang ciia 2 EMR:

- Két hop tuyén tinh r* = {CB(TC""'i'rlf'i)}KiSn’ & doé CB(a,b) = a *
a+pf*b.

Két qua tra vé: r*.

Danh gia do phuc tap cua thudt toan CoEMR-S

Thuéat toAn CoEMR-L tuong ty nhu thuat todan CoOEMR-S nén thuat toan
CoEMR-L c6 do phuc tap trong duong véi d6 phire tap cia EMR gbc [42].

Nhan xét: Thuat toan COEMR-L cung cip mot cach két hop tuyén tinh xép
hang dac trung muc thép va xép hang cho dac trung CNN mét cach hi¢u qua,
lam da dang dac trung va lam giau thong tin tir cac dac trung anh tur dé lam
tang d6 chinh xac ciia két qua truy van hinh anh trong CBIR.
2.5 Két hop luy thira bic 1é 2 xép hang EMR.

Y tuéng dé xuat két hop luy thira bac 1é xuat phat tir viéc nhan thay rang
mdi loai dic trung anh déu mang thong tin khac nhau: dic trung mic thip
thuong lién quan dén cac dic diém co ban cua anh nhu canh, gbc, diém ndi bat,
trong khi dac trung CNN (vi du: EfficientNet) c6 kha nang hoc cac dac trung
troru tuong va phuc tap hon, nhu céc ddi tuong, dac diém bién, hodc mau hinh
hoc [108-109]. Luén 4n tim cach dua ra mot mo hinh két hop luy thira bac 1&

dé c6 thé tan dung duogc tinh chit cta toan bd cac dic trung, khi d6 16p ham
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xép hang méi c6 thém céc tinh chat nhu:

- Tinh téng hop thong tin da mutrc: Két hop xép hang luy thira bac 1¢ giup
mo hinh c6 kha ning tong hop thong tin da mirc, tir d6 cai thién kha nang nhan
dién va hiéu ban chat cta hinh anh. Dic trung muc thap giup mé hinh nhan
dién cac dic diém co ban cua anh, trong khi dac trung CNN gitp mo6 hinh hoc
va phat hién céac dac trung phirc tap va triru tuong

- Tinh da dang cua dic trung: Két hop xép hang luy thira bac 1é gitp ting
tinh da dang cua cac dic trung dugc st dung trong mo hinh. Piéu nay c6 thé
déng nghia véi viéc mo hinh ¢6 kha nang hoc va phat hi¢n nhiéu loai dic trung
khac nhau tir dit liéu anh, tir cac dic diém co ban dén cac dic trung phuec tap,
mo ta ca tinh cuc b va tinh toan cuc ctia anh, gitp cai thién kha nang tong quat
hoa va do chinh xac ctia mé hinh. Phuong phap nay s& duoc phan tich chi tiét
trong cac ph?m tiép theo cua luan an, bao gém cac budc thyc hién cu thé va cac
két qua thuc nghiém minh hoa cho hiéu quéa ctia phuwong phép.

Trong phan nay luan an dé xuat ky thuat két hop luy thira bac 1¢ 2 bo xép
hang EMR cho dic trung muc thap, dic trung CNN va xdy dung mé hinh tra
ctru anh duva vao thuat toan CoEMR-P.

Két hop CoEMR kiéu luy thiva bic 1é (COEMR-P)

Gia st rang trong tap dir liéu anh gbc, mdi anh c6 mot vector dac trung
duy nhit trong Gng va véi mot anh truy van Io, hé théng chon xép hang theo
hinh anh dic trung muc thap T v.0,i két hop véi xép hang clia hinh anh dic
trung CNN 7¢yy o,i» trong do6 céc vector xép hang dugc tinh bang EMR.

Sau day 1a thuat toan chi tiét ma luan an dé xuat.

Thuét toan 2.3. COEMR-P (Thuit toan két hop luy thira bac 1é 2 b xép
hang EMR).

Input: {I;};;<, 12 tap anh gdc, 1o anh truy vén.

MxN 14 kich thudc anh chuian héa cho huin luyén theo thuat toan
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EfficientNet.

d: s chiéu ctia mot vector dic trung anh.

C: sb luong diém neo cia thuat toan EMR, tham sé a € (0,1) (a = 1),

Output: r* 1a thtr hang tuong ty véi anh I ctiia anh [; trong CSDL anh E.

Buéc 1 (ngoai tuyén): Xay dung dé thi EMR

Buwéc 1a. Hudn luyén tap anh E theo mé hinh EfficientNet véi kich thudc
chuan héa anh dau vao 1a M*N, thu nhan dugc:

1.1. Tham s mo6 hinh Wenn.

1.2. Chay timg anh {/;},<;<, qua mo hinh thu duogc tip cac vector dac
trung {v. E;}1<i<p, vOi chiéu denn=1280.

1.3. X4c dinh C diém neo {A }1<.<c cua tp anh {I;},<;<, theo thuit toan
K-means, str dung cac vector dac trung CNN {v. E; }1<i<n

1.4. X4c dinh ma tran ké W=(wjj) cua thuat toan EMR sur dung cac vector
dac trung CNN {v. E; }1<i<n-

1.5. Xéc dinh ma tran trong sb Z kich thuéc C*n caa EMR.

Buwdc 1b. Trich rat dic trung muc thép: Color Moments, LBP, Gabor
Wavelets Texture, Edge va GIST, thu dugc tap véc to dic trung véi sb chiéu
dir=809. Lap lai bude 1.3 - 1.5 nhu ¢ bude la véi dic trung muc thap.

Buéc 2 (truc tuyén): Két hop xép hang 2 EMR

2.1. Chuén hoéa anh I, vé kich thuéc M*N, chay qua md hinh EfficientNet
da xac dinh ¢ bude 1.1, thu nhan dugc vector dac trung CNN v.Eq voi d chiéu.

2.2. Mé rong ma tran Z theo EMR [42]: St dung C gia tri khoang céch
cua Eq véi céac phan tir neo ctia A, chung ta thu dugc ma tran trong sd Zq mdi
co kich thuée C*(n+1).

2.3. Dat 1y = {rihicisn+1, 7 = OVi = 1,n, Tne1 = 1.0. TUr ma trén trong
sO Zq chiing ta xac dinh vector thtr hang 7,,,, = rC”‘NN.Q,ibéng thuat toan EMR

[42].
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Budére 3: Lap lai bude 2.1 - 2.3 nhung véi dic trung mirc thap 1£E; ta dugc
gia tri xép hang la 1y = rf}'v'Q’i

Budéc 4: Két hop vector xép hang ciia 2 EMR:

r*= {CB(TC""'i'rlf'i)}KiSn’ & dé CB(a, b) cho boi:
3 {a3 + b3} ,
CB(a,b) = — ifa+b =0
min(a, b)

Két qua tra vé: r*.

Dadnh gia dj phvee tap ciia thudt toan CoEMR-P

Thuat todn CoEMR-P ¢6 dg phurc tap tuong duong véi do phuc tap cua
EMR gbc [42].

Nhan xét: Thuat toan CoOEMR-P cung cap mot cach két hop tuyén tinh
xép hang dic trung murc thap va xép hang cho dic trung CNN mét cach hiéu
qua, lam da dang ddc trung va lam giau thong tin tir cac dac trung anh tur do
lam tang d6 chinh xé4c ctia két qua truy van hinh anh trong CBIR.

Ba phuong phap CoEMR-S, CoEMR-L va CoEMR-P dugc dé xuat
riéng & thay vi gop thanh mét phuong phap duy nhat nham dam bao tinh linh
hoat trong xtr 1y dit liéu va tdi wu hoa hiéu sut tra ciru anh cho ting trudng hop
cu thé. Mbi phuong phép c6 co ché két hop riéng biét, giup khai thac hiéu qua
uu diém cua timg b xép hang EMR trén dic trung murc thap va muc cao.

Cu thé, COEMR-S phu hop khi mdt bd xép hang c6 do tin cay cao hon
dang ké so véi bd con lai, cho phép lua chon phuong an tdt nhat dua trén mot
ngudng xac dinh. Phuong phap nay don gian, hiéu qua va giam thiéu tac dong
ctia bo xép hang kém tin cdy. Trong khi d6, COEMR-L st dung phuong phap
két hop tuyén tinh, cho phép diéu chinh mirc d6 anh huéng cia timg bod xép
hang thong qua trong s, gitip can bang thong tin tir ca hai ngudn dic trung.

Phuong phap nay linh hoat va pht hop vdi cac truong hop ca hai bo xép hang
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déu dong gop quan trong vao két qua cudi cung. COEMR-P, véi co ché két hop
phi tuyén duya trén liy thira bac 1é, gitip khuéch dai su khac biét giita hai bo xép
hang va ting cudong kha nang phan biét khi dit liéu c6 quan hé phi tuyén manh.
Viéc dé xuat ba phwong phép tach biét gitip don gian héa qua trinh t6i vu
tham sd, tranh lam giam hiéu qua cua ting phuong phap khi 4p dung chung
mot mo hinh téng quat. Déng thoi, diéu nay cling tao diéu kién thuan loi cho
vi¢c so sanh, danh gia hi¢u suét trén nhiéu bo dit liéu khac nhau, cling nhu mé
rong nghién ciru trong tuong lai. M&i phuong phap co6 thé duge diéu chinh hozc
cai tién riéng bi¢t tuy theo dac diém cua tap dir liéu va yéu cau cu thé cua bai
toan tra ctru anh.
2.6. Thue nghiém va danh gia két qua

Céc thyc nghiém dugc thuc hién trén may tinh ca nhan vaoi cAu hinh: CPU
Intel® Core™ i5-6850HQ CPU @2.4 Ghz; GPU 4Ghz, RAM 32GB DDR3,
Disk: 1000GB.

2.6.1 Danh gia hiéu quad cua cua thudt toan CoEMR
Pé danh gia hi¢u quéa cua thuat toan CoEMR, luan an tién hanh thuc
nghiém t6 hop cac xép hang EMR cho dic trung mirc thap, dic trung muc cao

trén cac bo dit liéu theo Bang 2.1 cu thé nhu sau:

Bang 2.1: Bang két qua cac phwong phap t6 hop xép hang EMR

Bo dic Bo dic Phuong | Két qua
TT By dir liéu ., ;
trung 1 trung 2 | phap to hgp | cong bo

Véc to Tuyén tinh CT1,

1 VGG60K Mirc thap
nhung (CoEMR-L) CT2

, Véc to Lua chon
2 SIGN300HD Muc thap CT4
nhling (CoEMR-S)
, Tuyén tinh
3 Leaf30 Muc thap CNN CTo6
(CoEMR-P)

77



Trong céc thir nghiém nay, luan an sir dung dic trung mirc thap (LF) gobm
5 bo: Color Moments, LBP, Gabor Wavelets Texture, Edge va GIST dé mo ta
mot hinh anh [CT1-CT3]. Tat ca cac dic trung ndy cia cac bo dir liéu Leaf30,
Corel30k, VGG60K duoc chuan héa sao cho mdi thanh phﬁn vector ctia moi
anh nim trong pham vi [-1, 1] va sau d6 duoc ndi thanh mot vetor véi kich

thude dir=809 [36].

Song song v6i nd, mdi hinh anh trong bo dir liéu ndy duoc chuin hoa vé
kich thudc 256x256 va dugce dua vao mé hinh EfficentNet (d3 cat bo 16p cudi

cung) thu duoc tap vector dac trung CNN tuong g c6 kich thudc deyy=1280.

Trong thuc nghiém vo1 bo dir liéu SIGN300HD, luan an str dung hai (02)
dic trung murc thap (LF) gom: LBP, HOG dé mo ta hinh anh chit ky, duoc

chuan hoa thanh mét véc to véi sb chiu d =779 [CT5].

Song song v6i nd, mdi hinh anh trong bo dir liéu ndy duoc chuin hoa vé
kich thudc 256x256 va dugc dua vao mo hinh SigNet, m6é hinh nay st dung

Contrastive loss va mot véc to nhing d.,=128.

Trong thuc nghi€ém nay, luan an st dung nbest = 350 cho ph::in phan cum;
Déi v6i thuat toan CoEMR, ludn an chon s=5 (s diém neo lang giéng gan nhat
cua mot vector dac trung anh).

Tt ca cac tham s thuc nghiém cho ting bo dir liéu duoc thé hién & bang
sau:

Bang 2.2: Bang tham s6 thue nghiém tra ctru anh sir dung COEMR

TT Tap dir liéu Nbpest C r a B
1 | Leaf30 16 200 3 0.8 0.2
2 | Sign300HD 100 2000 5 0.2 0.8
3 | VGG60OK 120 5000 5 0.3 0.7

V61 Npest 12 56 dnh cho moi 1an truy van trong 20% so6 lugng mau truy van
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léy ngau nhién, C l1a s6 diém neo, C dugc chon tuy theo bd dir liéu, r 1a s6 lan
can; o, B 1a h¢ $O str dung trong thuat toan CoEMR-L.

Pé danh gia khach quan hiéu qua cia thuat toan EMR goc va CoOEMR dé
Xuét trén cung cac tap dir liéu, ludn an st dung mot chi s6 tuong tu do do
Average Precision (ky hiéu AP) dugc dé xudt boi NISTTREC video
(TRECVID) [97, CT1], AP dugc dinh nghia trung binh cua gia tri d§ chinh xac
thu dugc sau mdi anh lién quan dugc tra ctru.

Tap anh truy van O dugc chon ngiu nhién voi s6 lugng 20% anh tir mdi
16p theo timg chu dé ciia tap anh thir nghiém Leaf30, Corel30K va VGG60K.

D6i véi mdi hinh anh truy van g € Q, sir dung s liéu twong tu do EMR
dua ra, chon N = 100 14 s6 lugng hinh anh trong mot 16p. Gia tri chinh xéc 1a
ty 1& trung binh giita s6 luong hinh anh c6 lién quan Ng trong hinh anh N duoc
tra ciru boi sy gidng nhau ciia tmg hinh anh q. Goi tap hop cac phan tir ¢ lién
quan dén truy vin q € Q 13 {dl, dy,..., dmj}, khi d6 mAP(q) 1a d§ chinh xac

cho mot truy van q va mAP 13 d6 chinh xé4c cho tat ca céac truy van dugc tinh

+
nhu sau: mAP(g) = ~L « 100 (2.4)
vamAP = =¥'9 map (2.5)
lo| “a=1 (@) .

Céc két qua xép hang cua EMR theo timg anh truy van q c6 thé xem nhu
la mét do do tuong ty anh véi mue dd tuong tu gitta dnh q va anh E; trong
CSDL duogc gan la ranky(E;)

Trong hinh 2.4 13 két qua tra ctru dbi véi anh Potato_healthy 004.jpg trong
tap Leaf30 voi thuat toan EMR gdc véi sd luong diém neo 1a 2000. Két qua tra
clru tra vé 1a 20 anh c6 thtr hang t6t nhat, két qua c6 03 anh (khong lién quan

so vOi1 anh truy van).
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[4 CBIR with RF —= X

File Open

Potato, ealthy,004.JPG

Potato, ealthy 030.JPG Potato, ealthy 056.JPG Potato, ealthy,052.JPG Cherry,ealthy,710,jpg Potato, ealthy,005.JPG

Potato, ealthy,049.JPG Potato, ealthy 034.JPG Potato, ealthy,015.JPG Potato, ealthy 048.JPG Potato, ealthy 071.JPG

Selection

Relevance Feedback
Potato, ealthy055.JPG Potato, ealthy 014.JPG Potato, ealthy 064.JPG Potato, ealthy 027 .JPG Potato arly, light 907.JPG

Potato_ arly, light,930.JPG
—

Hinh 2.4. Két qua truy vin ciia anh Potato_healthy 004.jpg trong tap
Leaf30 voi thuit toan EMR goc ¢6 5 anh sai.

Trong hinh 2.4, 4nh truy van Potato_healthy 004.jpg trong tap Leaf30 véi
thuat toan CoEMR véi sb luong diém neo 13 2000, két qua tra ctru tra vé két
qua 1 20 anh c6 tht hang tot nhat déu lién quan (d6 chinh xac tra ctru khi két
qua tra vé 1a 20 anh dat 100% cta anh nay).

(4 CBIR_with RF — X

File Open

Potato, ealthy004.JPG

Potato, ealthy,052.JPG Potato, ealthy,002.JPG Potato, ealthy,005.JPG

b

Potato, ealthy, 015.JPG Potato, ealthy 048.JPG Potato, ealthy 071.JPG

Relevance Feedback
Potato, ealthy 014.JPG Potato, ealthy 064.JPG Potato, ealthy 027.JPG Potato, ealthy 021.JPG

Potato, ealthy 012.JPG Potato, ealthy 024.JPG Potato, ealthy023.JPG Potato, ealthy036.JPG Potato, ealthy 022.JPG

Hinh 2.5. Két qua truy vin ciia anh Potato_healthy 004.jpg trong tap
Leaf30 véi thuat toan CoEMR.

80



2.6.2 Két qud thuc nghiém

Pé danh gia cua phuong phap dé xuat, luan an thuc hién so sanh két qua
khi sir dung EMR cho xép hang dic trung mirc thp, st dung EMR cho xép
hang dic trung CNN va st dung két hop xép hang theo thudt toan dé xuét
CoEMR.

Ngoai ra ludn an con so sanh véi cac phuong phap xép hang dua trén do
thi khac, cu thé: Anchor Graph Regularization (AGR) [38], Efficient Manifold
Ranking (EMR) [42], Sub-graph regularization (SGR) [39] (1a cac k¥ thuat lua
chon diém neo dua vao thuét toan K-means) trén céac tap dir lieu VGG60K,
Leaf30, Sign300HD, Corel30K. Ly do so sanh thuat toan CoEMR v6i AGR,
SGR va EMR 14 vi céc thuat toan déu cai tién thuét toan MR va st dung thuat

toan phan cum Kmeans dé tim diém neo.

Dé tién hanh thuc nghiém, luan an chon ngau nhién 100 chu dé (trong tong
s6 500 chi dé cua tap dir liéu goc, mdi chu dé co 120 anh) trén tap dir liu
VGG60K va thuc hi¢n chon anh truy van trong tat ca cac chu dé. Két qua tra
vé 20 anh sau mdi 14n tra ctru. Tir két qua hinh 2.5 ta thay phuong phap AGR
cho d6 chinh x4c thap nhat. Ciing trong hinh nay, d6 chinh xé4c trung binh cta

phuong phap dé xuét 1a cao nhét so voi cac phuong phap con lai.
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P chinh xac ciia 5 phwong phap véi 100 chii dé trén tap
dir liéu VGG60K

100
90
80
0 eea—p———e——— 0
60 C=——C——re 0o > —————0
50
40
30
20
10

Do chinh xac

1 8 15 21 27 31 47 52 66 71 79 88 91 96
So chu deé

=@—=AGR ==@=EMR_If EMR_hf e=@=SGR CoEMR

Hinh 2.6. P§ chinh xic ciia 5 phwong phap véi 100 chi dé trén tap dir
liéu VGGO60OK.

Trong céc thuc nghiém tiép theo, luan an thuc nghiém véi pham vi trén
cac tap dir liéu VGGO60K, Leaf30, Sign300HD, s6 anh duoc Xép hang cao nhat
lan luot tra vé sau tra ctru 1a 10, 20, 30, 40, 50 cta nim phuong phép. Véi $6
lugng diém neo duoc lya chon 1a theo tung bo dir li¢u tai Bang 2.4 . Cac duong
cong trung binh d6 chinh xac - pham vi (average precision-scope curves) dugc
thé hién trong hinh 2.6 trén tap dir lieu VGG60K. V&i pham vi s6 anh tra vé 10,
20, 30, 40, 50 phuong phap dé xuit cho hiéu quéa cao hon cac phwong phéap con
lai tir 6% dén 15%.

béi véi thuc nghiém trén tap dir liéu VGG60K, luan an chon ngﬁu nhién
100 chu dé (trong tong sd 500 chu dé cua tap dit liéu gbc VGG , mbi chu dé c6
120 anh) va thyc hién chon anh truy van trong tat ca cac chu dé. Két qua tra vé
sau tra ctru 1an luot 1a 10, 20, 30, 40, 50 anh. Cac tham s duoc dit chung cho
tat ca cac thuc nghiém véi bd dir liéu VGG60K nhu sau: tham s6 a=0.99, s6

diém neo C = 5000, r = 5, nbest cho mdi 1an truy van np= 120, 20% sb lugng
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mau truy van lay ngau nhién. Tham s6 két hop 2 xép hang trong CoEMR 14 o
=0.3, =0.7.

S6 diém neo C=5000, két qua tra vé sau mdi lin truy vén lan
lwgt tir 10-50 anh.

110 +

100 +

Vo)
o
!

(o]
o

70 +

60 +

Do chinh xac (%)

50 +

40

10 20 30 40 50
Axis Title
= AGR =———EMR_If EMR_embV  e=—SGR CoEMR

Hinh 2.7. P chinh xac trung binh tra ctru trén tap anh VGG60K.

S6 liéu do chinh xac trung binh két qua tra ctru trén tdp anh VGG60k
tinh theo MAP dugc thé hién & bang 2.3.

Bang 2.3: P9 chinh xac ciia 5 phwong phap ¢ 20 anh tra vé sau tra ctru

trén tap dir licu VGG60K

PP tra
] cru | AGR EMRLF EMREmbv SGR CoEMR
So anh (%) (%) (%) (%) (%)
tra ve
10 80.92 83.54 90.07 90.10 95.34
20 61.38 70.61 88.71 68.40 91.70
30 56.40 60.10 82.81 61.80 88.67
40 51.26 55.67 76.95 57.46 81.34
50 50.21 51.15 61.25 52.34 70.19
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Déi vai thuce nghiém trén tap dir liéu Leaf30, luan an chon toan bg 58 chu
dé, mdi chii dé chon ngdu nhién 100 anh va thyc hién chon anh truy van trong
tat ca cac chu dé. Két qua tra vé sau tra ctru 1an luot 14 10, 20, 30 anh. Cac tham
sb6 duoc dit chung cho tat ca cac thuc nghiém véi bd dir liéu Leaf30 nhu sau:
tham sb a = 0.99, s6 diém neo C = 2000, r = 5, nbest cho mdi lan truy van n,=
100, 20% s6 luong mau truy véan ldy ngiu nhién. Tham s6 két hop 2 xép hang
trong CoEMR 1a a = 0.2, =0.8. S6 liéu d6 chinh xac trung binh két qua tra ctu
trén tap anh Leaf30 tinh theo MAP duoc thé hién & bang 2.4.

Bang 2.4: P§ chinh x4c ciia 5 phwong phap ¢ 20 anh tra vé sau tra ciru

trén tap dir licu Leaf30

PP tra
] ciru | AGR EMRyF EMRcNN SGR CoEMR
So anh (%) (%) (%) (%) (%)
tra ve
10 59.96 68.12 75.67 73.89 83.42
20 57.64 65.05 70.72 69.23 81.70
30 52.34 61.26 68.67 66.27 80.33

Doi véi thye nghiém trén tap dit liéu Sign300HD, luan an chon 100 chu
dé trong 300 chu dé, mdi chu dé c6 16 anh va thyc hién chon anh truy van trong
tat ca cac chi dé. Két qua tra vé sau tra ctru 1an luot 14 10, 13, 16 anh. Cac tham
s6 duoc dat chung cho tat ca cac thuc nghiém véi bo dir li¢u Sign300HD nhu
sau: tham s6 a = 0.99, s6 diém neo C = 500, r = 3, nbest cho mdi lan truy van
ny= 16, 20% s luong mau truy van liy ngiu nhién. Tham s6 két hop 2 xép
hang trong CoOEMR 1a o = 0.8, $=0.2. S6 liéu do chinh xac trung binh két qua
tra ctru trén tap anh Sign300HD tinh theo MAP duogc thé hién & bang 2.5.
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Bang 2.5: P chinh xac ciia 4 phwong phap & 16 anh tra vé sau tra ctru

trén tap dir liu Sign300HD

PP tra
cau | AGR EMRLr EMRsigNet SGR CoEMR
So anh (%) (%) (%) (%) (%)
tra ve
10 45.67 52.13 54.16 51.15 64.46
13 42 .33 49 .51 52.16 48.81 61.36
16 40.16 42 .89 45.67 42.26 56.67

Tir két qua o bang 2.3, 2.4, 2.5 ta thdy phuong phap AGR cho d6 chinh
xéc thap nhat. Cach lya cho diém neo trong AGR 1a chon ngiu nhién tap diém
dai dién trong CSDL lam diém neo. D4i véi 2 phuong phap SGR va EMR,
phuong phép Iya chon diém neo 1a dung thuat toan phan cum K-means. Ciing
trong bang ndy, do chinh xac trung binh cua phuong phap dé xuét 1a cao nhat

so v&i cac phuong phap con lai.

2.7. Két hop nhiéu truy van anh trong CBIR

Trong hau hét cac hé théng CBIR, mdi truy van hinh anh thudng chi sir
dung moét anh duy nhét, dan dén viéc thiéu thong tin va han ché trong vi¢c mo
ta ddy du y nghia ngit nghia ctia anh. Piéu ndy c6 thé 1am giam d6 chinh xac
cta két qua truy van. Mot huéng nghién ctru tiém ning dé giai quyét van dé
nay 13 stir dung truy van nhiéu anh, nhim cai thién hiéu qua truy van. Viéc st
dung dong thoi nhiéu truy van gitp khai thic nhiéu thong tin hon tir co s¢ dir
liéu va cung cap két qua tim kiém chinh xac hon [141-143]. Tuy nhién, viéc két

hop két qua tir nhiéu truy van van 1a mot thach thire 16n.

St dung nhiéu truy van (da truy van) 1a mot phuong phép tiép can hiéu
qua trong linh vuc tra ctru thong tin va tim kiém dit liéu, ndi bat véi kha ning

sir dung dong thoi nhiéu truy van dé cai thién chét luong ciia két qua truy van
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[143]. Loi ich chinh cua da truy van 1a ting d6 chinh x4c va dd tin cdy cia
thong tin duoc tra vé. Thay vi chi dwa trén mot truy van duy nhét, da truy van
cho phép hé théng tra ciru dir liéu tir nhidu goc dd khac nhau, tir d6 dua ra két

qua tong thé va chi tiét hon vé nhu cau tim kiém cta nguoi dung[141].

Viéc str dung nhiéu truy van gitup giam thiéu sai sot trong qua trinh tra ctru
dir liéu [141-143]. Mbi truy van don 1& c6 thé bo qua mot sb khia canh quan
trong ctia dit liéu, nhung khi két hop nhiéu truy van, hé thdng c6 thé bao quat
hon va dap Gmg day du cac yéu cau cua ngudi dung. Pic biét, viéc phan anh t6t
hon y dinh nguoi dung 1a mét diém manh cua da truy van, boi nguoi dung

thuong c6 nhiéu muc dich va khia canh khac nhau khi tim kiém thong tin [144].

Nhu vay can dam bao can bang giita cac truy van. Pam bao rang mdi truy
van dugc xem xét cong bang va khong bi 14n at bai truy van khac 13 diéu can
thiét dé dam bao tinh cong bang va ding din trong qua trinh tra ctru dit lidu
[143]. Do d0, phat trién va trién khai da truy van doi hoi su két hop cua céac
thuat toan thong minh va su hiéu biét sau sic vé ciu tric dit liéu va yéu clu cua
nguoi dung. Cac phuong phép hién tai hodc gdp cac truy van thanh mot truy
van duy nhat hodc xem chung mot cach doc 1ap. Diéu nay c6 thé dan dén mat
thong tin quan trong [143]. Nhiéu phuong phap st dung da truy van duoc dua
ra, nhu: St dung hoc trong sd dic trung [141-142], Xép hang song song da truy
van (Multi-Query parallel field ranking for image retrieval) [143], tuy nhién
viéc dua ra mot phuong phéap hiéu qua dé tong hop va xtr Iy cac két qua tir cac
truy van khéc nhau 1a mot van dé phuc tap, dac bi¢t khi dir li¢u 16n va phuec tap.

Dé cai thién do chinh xé4c khi sir dung da truy van trong CBIR, luan éan dé
xuat phuong phap két hop 2 xép hang EMR cho 2 anh truy van goi 12 Fusion
Ranking Multi-Query (EMR-FRMQ) [CT8]. Hinh 2.8 M ta so ¢ m6 hinh
CBIR sir dung két hop 2 xép hang EMR cho 2 anh truy van.
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Pha ngoai tuyén

CSDL anh

Trich xuat véc to diic trwng

Clustering and determination
Anchor set

Pha truc tuyén

Anh tra ciru 1 Anh tra ciru 2

MatrixZg;, [ = = = = = = > Matrix Z,,

size of @. size of
C*(n+1) @ 6 © o & ® & o C¥ntl)

Véc to xép hang
Véc to xép hang| EMR 2

L&y ra k-top anh cé xép
hang cao nhat

v

Tap anh két qua

Hinh 2.8. So' @6 mé ta hé thong (CBIR) sir dung da truy van.
Phuong phap nay khai thac hiéu qua tir nhiéu truy van va su phan bd noi
tai cua dit liéu, tir 46 tang cudng hiéu qua tra ctru hinh anh trong hé thong CBIR
mot cach dang ké [CT8], cu thé bang 2.6 mé ta két qua st dung CBIR véi da

truy van anh.
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Bang 2.6: P chinh xac ciia phwong phap sir dung da truy van & 20 anh

tra vé sau tra ciru trén tap dir lifu VGG60K

< Str dung 1 anh | Sur dung 2
Dac trung £ - £

truy van anh truy van
Dic trung mirc thap 70.61% 76.21%
bac trung CNN (EfficientNET) 87.15% 90.46%
bac trung vector nhung (FaceNet) 88.71% 92.67%

2.8 Két luin Chwong 2

Trong chuong nay, luan an di trinh bay chi tiét phwong phap dé xuit - két
hop xép hang EMR cho dic trung murc thip va mirc cao (dic trung nhung, dic
trung CNN). Phuong phép ndy mang lai mot huéng tiép can tong hop, giup
khai thac t6i da thong tin tir ca hai loai ddc trung, khic phuc cac han ché khi
mot trong hai loai dic trung bi suy giam do chinh xac xép hang trong cac co s
dir liéu anh thue té. Bén canh do, trong chuong nay luan 4n ciing trinh bay dé
xudt ciing phuong phap két hop xép hang cho ca cac hé thong CBIR véi nhiéu
anh truy van. Két qua thuc nghiém cho thdy, viéc tong hop két qua xép hang
EMR tir ting anh truy van gitp nang cao dang ké do chinh xéc tra ctru 4nh so
v6i hé thong chi sir dung mot anh truy van.

Cu thé, dic trung murc thép ¢ vu diém it phu thudc vao d0 phan gidi anh
nhung lai nhay cam voi nhiéu va chat lugng anh kém. Trong khi d6, dic trung
muc cao (vector nhung tr CNN) c6 kha nang phan biét manh nhung bi anh
huong boi do phan giai va su khac biét trong phan b théng ké cua dir liéu huan
luyén. Viéc két hop tuyén tinh va phi tuyén gitra hai bo xép hang gitip tan dung

uvu diém cua cd hai loai ddc trung, nang cao do chinh x4c trong truy van anh.
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Luan 4n da dé xuat va danh gia thuc nghiém cac thuat toan CoEMR-L,
CoEMR-S va CoEMR-P trén cac bai toan tra ctru anh dya trén ndi dung (CBIR)
v6i mot anh truy van (CT1-CT4) va nhiéu anh truy van (CT8). Két qua thuc
nghiém trén cac tap dit liéu Leaf30, Sign300HD, Corel30K va VGG60K cho
thay phuong phap két hop ndy mang lai muc cai thién dang ké vé do chinh xac
(tang khoang 7% - 15% so véi EMR gdc va cac phuong phap khac cung ho).

Lu4n 4n ciing d3 mé rong phuong phap EMR-FRMQ két hop tuyén tinh
va phi tuyén trén két qua xép hang cua timg anh riéng 1¢ khi c6 nhiéu anh truy
van. Két qua cho thay viéc tong hop thong tin tir nhiéu anh truy van giap hé
théng tra ctru anh hoat dong 6n dinh va chinh xac hon, dic biét trong cac tinh
huéng c6 @0 nhiéu cao hoic dir liéu phurc tap.

Thuat toan dé xuét da duoc danh gia qua cac chi s6 mAP va minP, cho
thay hiéu suat 6n dinh trén nhiéu tap dit liéu khac nhau. So sanh véi cac phuong
phap hi¢n c6 nhu AGR, SGR va EMR, két qua khéng dinh CoEMR c¢6 d¢ chinh
xéc cao hon va d6 on dinh tdt hon, gop ph?m cai thi¢n dang ké hiéu qua cua hé
thdng tra ciru anh.

Ngoai tng dung trong CBIR, phuong phap két hop xép hang EMR con
g6p phan bd sung vao hudng nghién trong cac linh vire khac nhu nhan dang déi
tugng, phan loai anh va cac h¢ théng tri tué nhan tao. Diéu nay khong chi c6
gia tri vé mit 1y thuyét ma con co ¥ nghia thuc tién cao trong viéc phat trién
céc hé thong tra ctru anh thong minh.

Thuat toan két hop xép hang EMR giita cac bd dic trung mirc thap va mirc
cao da chirng minh dugc hiéu qua trong viéc nang cao do chinh xéc tra ctru anh,
v6i mic cai thién tir 7% - 15% so v6i EMR truyén théng. Pong thoi, luan an
cling mé rong mo hinh xép hang cho nhiéu anh truy van, giup ting tinh Gng
dung thuc té ctia hé théng CBIR. Tuy rit manh mé&, EMR van ton tai nhirng han
ché, dic biét trong viéc so sanh d twong tu gitta cic anh nam ngoai co s dir

liéu. Do EMR hoat dong dua trén cAu trac do thi cta tap dir li¢u co san, viéc
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mo rdng ra cac anh chua dugc dua vao CSDL tré nén kho khan, lam giam kha
nang téng quat hoa ctia mé hinh. Han ché nay giy tro ngai trong nhiéu bai toan
thuc té nhu nhan dién khudn mat, so khdp chit ky va cac tng dung bao mat, noi
viéc danh gia d6 tuong tu giita cac anh chua timg xuat hién trong hé thong 1a

rat quan trong.

bé gidi quyét van dé nay luan an can xay dung mot do do tuong tu anh
ké thira vu diém cua thuét toan xép hang EMR (gia tri xép hang su twong tu
cao giira anh truy van va cac anh trong CSDL anh duoc lan truyén theo do thi
quan hé ké giita cac anh theo ciu triic k-NN). Thuat toan x4y dung d6 twong tu
s& hoc cac gia tri xép hang EMR giita cic cip anh dugc chon phu hop cua
CSDL anh da cho & d6 mot anh xem nhu 14 anh truy van, mé hinh hoc khai
quat dé dua ra mot do do twong tu anh giita cac cdp anh c6 thé hoan toan chua
dugc bo sung vao CSDL anh di cho. Chi tiét vé cach xay dung do do tuong tur
anh dya trén cac gia tri xép hang EMR dé xuat cia luan an duoc trinh bay &

chuong 3: Xay dung d6 do twong ty anh theo cac gid tri xép hang EMR.
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CHUONG 3: XAY DUNG PO PO TUONG TU ANH THEO CAC GIA TRI
XEP HANG EMR

Trong tra ctru anh dya trén ndi dung (CBIR), d6 do khoang cach gitra cac

d6i twong dong vai trd quan trong trong viéc xac dinh muirc d6 twong dong giira

chuing. Thay vi st dung d6 do Euclid mac dinh, phuong phap hoc d¢ do khoang

cach nham muc tiéu xay dung mot d6 do phu hop hon dua trén thong tin c6

trong tap dir ligu.

Cu thé, phuong phap hoc do do khoang cach nham tim ra mot ma tran do
do M sao cho khoang céch theo ma tran M giita cac d6i tuong cung 16p cang
nho, trong khi khoang cach gitta cac ddi tugng khac 16p cang 16n. Piéu nay
tuong mg véi muc tiéu toi wu hoa dd phan biét cua cac 16p trong khong gian

dac trung.

Phuong phap hoc dd do khoang cach 1a mgt khia canh quan trong ctia hoc
may, da va dang dugc nghién ctru rong rii. N6 dong vai tro then chdt trong
nhiéu bai toan nhu phén loai, xép hang, ghép cip va tra ctru anh. Thong thuong,
cac phuong phap nay sir dung cac rang budc cua cac cip hoic ba dbi tugng dé

hoc ma tran khoang cach.

Hoc d6 do twong tu 1 phuong phap quan trong trong linh vire CBIR nhdm
xay dung khong gian dic trung pht hop cho bai toan. Day 1a mot tiép can dua
trén gia dinh ring cang giéng nhau (trong ty) thi d twong tu cang cao va ngugc
lai. Cac phuong phap hoc d6 do twong tw nham xac dinh bién ddi sao cho phan
anh dung mdi quan hé tuong tu gilta cac vector dic trung trong tap dir liéu, tir
do6 cai thién hi¢u qua phan loai va tra ctru anh.

EMR 1a mot thudt toan phd bién va mang lai hiéu qua cao trong linh vuc
truy van hinh anh dya trén néi dung (CBIR) [36, 42, 127], EMR st dung
phuong trinh lan truyén xép hang dé tinh toan vector xép hang cho mdi hinh

anh truy van, trong d6 thanh phan biéu dién mirc d6 tuong ty giira hinh anh truy
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van va hinh anh tha trong tap dir liéu, ngoai ra, EMR con dugc st dung dé do
d6 tuong tu ngit nghia gitta cac dbi tuong, nhu di duogc trinh bay trong mot sb
nghién ctu [126]. So voi cac phuong phap do khoang céch thong thuong chi
x¢t cdp doi, EMR tinh toan d6 tuong déng dua trén ca mdi quan h¢ lan cén va
lan truyén xép hang trén toan bo d6 thi, phan anh ddy do hon méi quan hé giira
cac mau dit liéu. Piéu nay cho thiy tiém ning rong 16n cuia EMR trong viéc
khai thac cac mdi lién hé tiém an giita cac diém dit liéu. Hinh 3.1 mo ta 3 hinh
anh thudc cung mot nhan trong bd dir liéu Corel30K, néu so sanh bﬁng “cam

quan” thi khé tim ra su trong dong trong 3 birc anh nay mic dii né co sy twong

déng vé mit ngir nghia dugc chup tai cung mot dia diém & chau Phi.

16005.jpg 16006.jpg 16007 jpg

Hinh 3.1: Ba hinh anh thudc b dir liéu Corel30K va dwgc phan loai 1a co
sur twong dong ngir nghia.

Tuy nhién, EMR van con ton tai mot s nhugc diém can khic phuc. Pau

tién, EMR chi c6 thé xac dinh d6 twong ddng giita cac hinh anh trong tap di

liéu ban dau, khong thé tng dung cho céc hinh anh ngoai tap dir liéu nay. Thi

hai, mdi khi c6 su thay doi hozc bo sung dit liéu m&i, EMR phai xay dung lai

toan bd do thi, dan dén viée tinh toan phurc tap va ton kém tai nguyén, dic bi¢t

1a khi Iam viéc v&i hé thong dit 1i¢u 16n, cu the:
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« EMR chi c6 thé xac dinh d6 twong dong giita cac hinh anh trong tap dit

liéu ban dau, khong thé tmg dung cho céc hinh anh ngoai tap dit liéu nay.

Trong thuc té, 361 vai cac hé théng nhan dién hodc so khdp hinh anh khuon
mat hay chir ky, viéc so sdnh hai anh khong nam trong co s& dir liéu anh 1a mat
cong viée thudng xuyén va quan trong. Cac hé thong nay khong chi can so sanh
cac anh da duogc luu trit trude d6 ma con phai xir Iy va so sanh cac anh mdi,
chua timg xudt hién trong co s& dit liéu.

Ch'fmg han, trong mot h¢ théng nhan dién khuén mat, khi mét ngudi maoi
dang nhap hoac thyuc hién moét giao dich, hé théng phai so khdp khudon mat cua
ngudi d6 véi dit liéu di ¢ dé xac minh danh tinh. Tuwong tu, trong hé thdng xac
thuc chir ky, khi mot chir ky méi duge cung cép, hé théng phai so sanh n6 véi

cac mau chit ky da luu trir dé xac dinh tinh hop 18.

MG&i khi thay ddi hoic b sung thém dir liéu méi, EMR phai xay dung lai

toan bo db thi, dan dén tinh toan phirc tap, nhat 1 v6i hé thng dit lidu 1on.

Nhim 4p dung EMR vao bai toan thuc té khi so sanh do twong tur giira hai
anh, chiing ta c6 thé xem EMR nhu mét do do tuong tu. Tir d6, luan an dé xuat
viéc xay dung mo hinh EMR learning, sir dung k¥ thuat hoc may dé hoc truc
tiép tir két qua xép hang cia EMR. M6 hinh EMR learning c6 kha ning dy doan
d6 twong tu cho cic hinh anh nim ngoai tdp huin luyén, giup ning cao hiéu

qua va do chinh xac trong viéc tra clru va nhan dang anh.

Chuong nay sé& trinh bay chi tiét phuong phap dé xuat, bat dau tir viéc xay
dung do do tuong tw EMR, xay dung tap huén luyén IC, tap véc to dau vao,
dau ra VDR va cac phuong phap hoc méy hdi quy. Cubi cung, cac thir nghiém
va danh gia s& dugc thyc hién dé kiém chung tinh kha thi va hiéu qua cua
phuong phap dé xuat, tir 46 khing dinh tiém ning ing dung cia EMR learning

trong thyc té.
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3.1 Mé hinh hgc xép hang EMR

Pé xay dung mo hinh hoc xép hang EMR, dau tién tir CSDL chtra n anh E,
sau khi trich chon dac trung anh ching ta thu dugc CSDL n véc to dac trung
anh E (c6 thé khong c6 nhén) va xay dung d6 thi EMR, m6 hinh EMR learning
la mot bo (IC, VDR, S) dugc khai quat nhu sau:

(i) ICCEXE={(vy,v,)|vy v, € E}, IC # 0. (3.1)
Tap IC néi chung can thda man yéu cau sau:
#IC < (HE)?,

nghia 13 sb phan tir ctia IC bé hon rat nhiéu so sé cip anh caa CSDL anh.

(ii) VDR 12 tap huan luyén cho mé hinh véi dau vao 1a cip vector thudc
IC, dau ra 1a muc do tuong tu dugc udc luong bﬁng EMR.

(iii) Do do tuong tu

b do S dugc xay dung tur tap VDR béng mot thuat toan hoc may, S do
d6 tuong tu gitta cic vector dic trung anh nam ngoai CSDL vector dic trung
anh. Do S 14 hoc dau ra cta xép hang EMR nén d¢ do twong tu S ctia mo hinh
EMR learning can théa man yéu cau sau:

S(vyq, v,) = rlindex(v,)] trong d6: =EMR(v,), v{, v, EIC.  (3.2)
3.2 Phuwong phap xac dinh tap IC

Tiép theo, luan 4n dé xut thuat toan lya chon tap cap vector dac trung anh
IC ctiia md hinh EMR learning, cu thé gdm cac budc nhu sau:

Buéc 1: IC = @ (IC rong).

Budc 2: Tur co sé dir liéu véc to dac trung E, chon ra tap K cac vector dac

trung anh ngdu nhién (K c6 thé chon bang [n/2]).
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Budc 3: Vi mdi vector dic trung anh v; € K, quét toan bo CSDL E lay

ra np (vi du ny=20) vector {vz l-} dic trung gan nhit voi v, do theo xép
’ b

1<isn

hang cia EMR.

Buéc 4: Bo sung {v, ;, v} vao IC.
) ) b

1<isn
Két qua: Ta c6 tap IC co s cip vector dic trung anh 1a ny*K.

Thuat toan Iya chon tap cap vector dac trung anh IC cia mé hinh EMR learning

nhu sau:
Thuét toan 3.1. IC-S (ImageCoupleSelect)
Input:
E: CSDL vector dac trung anh,
K: S6 luong vector dac trung anh ngﬁu nhién duoc chon,

n,: SO lugng vector dic trung gan nhat can lay ra cho moi vector dac

trung anh trong K.
Output: IC: Tap hop cdp vector dac trung anh.
Buéc 1. Khéi tao IC = @ (IC 1ong)
Budc 2. Chon K vector ngau nhién, K set = {vi, J1<k<k dactrung anh ttr CSDLE.
Buéc 3. Véi mdi vector dic trung anh v; € Kset,
- Quét toan by CSDL E

- Lay ra n;, vector {vz i} dac trung gan nhat voi vy dya trén
’ b

i<1<n

xép hang cia EMR.

Budc 4. B6 sung cac cép{(vl’i, vz'i)}islsnb vao IC

return IC.

95



Do phure tap thudt todn:

Gia str n 1a sb luong vector trong CSDL E:

Buéc chon ngau nhién K vector tir E c¢6 @6 phuc tap O(K). Vi mdi
vector v; € K, viéc quét toan bo CSDL E dé tim n,, vector gin nhét c6 do phirc
tap O(n).

- Vay do phiic tap ctia viéc tim n;, vector gan nhat cho K vector 13 O (K * n).

- Viéc bd sung cac cdp vector vao IC c6 do phuc tap O(K * ny).

Tong hop lai, dd phirc tap cta thuat toan 1a: O(K * n + K * np).

Néu K xap xi 29 thi do phuc tap 1a 0(n?).

3.3 Phuong phap xac dinh tap huin luyén ciia EMR learning

Sau khi co tap IC voi $6 cap véc to dac trung anh la ny*K, luan an tién
hanh cac budc tao cip tap dau vao - dau ra phi hop véi thuat toan hoc may co
nhan.

Qua trinh ndy bao gdm céc budc cu thé nhu sau:

Dau tién, voi mdi ciip véc to dic trung (v4, v,) € IC luan 4n xAy dung mot

mau dau vao bang cach tao ra vector khac biét X= (|v1,l~ — Vy; |)1<i< i W)
sis 1

day 1a vector chira cac gia tri tuyét ddi cua su chénh léch gitta cac thanh phan
tuong Ung cua hai véc to dac trung

Tiép theo, gia tri dau ra dugc xac dinh 1a mot sb cu thé, do 1a tha hang
tuong tu: s = r[index(v,)], trong d6: # = EMR(v;). Piéu nay co6 nghia 1a st
dung két qua xép hang EMR cua v; dé xac dinh muc do twong tu cua

v, SO VoL v;.
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Qua trinh nay duoc lap lai cho toan bd cac cap véc to trong IC, tir d6 thu
dugc tap dAu vao va dau ra (X, s), ma luan an dat tén 1a VDR (vector difference

ranking).

Sau khi xay dung tap VDR, chia tap nay thanh hai bo dir liéu dé phuc vu

qua trinh huin luyén va kiém tra mo hinh, cu thé:
- B hudn luyén: 80% dir li¢u duoc sur dung dé huan luyén SVR.
- Bo kiém tra: 20% con lai dung dé kiém tra d6 chinh xac du doan ctia m6 hinh.

Qua trinh nay dam bdo rang mo6 hinh SVR dugc huan luyén va kiém tra
mot cach khach quan, tr d6 danh gia duoc hi€u suat va d§ chinh xac cua mo

hinh trong vi¢c dy doan thir hang tuong tu ctia cac anh.

Budc tiép theo, luan an xay dung thuét toan EMR TrainingSet nham tao ra
tap VDR tur cac cap véc to dic trung anh. Thuat todn EMRTrainingSet stir dung
cac cdp véc to dac trung tur tap IC, tién hanh tinh todn céc vector khac biét va
xéc dinh gia tri xép hang twong tu, tir 6 xay dung tap VDR. Thuat toan dugc

trinh bay nhu sau:
Thuat toan 3.2. EMR-TS (EMR Training Set)
Input:
IC: Tap hop cac cap vector dac trung anh
Tham sb va cac ma tran ctia do thi EMR (C,Z,W,n,d..)
Output: Tap dau vao, dau ra VDR
Buéc 1. Khéi tao VDR = @ (VDR rong)
Budc 2. Vi mdi cip vector dic trung (vq,v,) € IC,
Tinh vector dau vao x = (|v; — v5|)1<i<q (1)

Tinh gi4 tri dau ra # = EMR(v,),
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Lay gia tri twong tmg r[index(v,)],
B sung cip (x, r[index(v,)]) vao VDR
return VDR.
D¢ phirc tap thudt todan:
Gia str n’ 1a s6 lugng cap vector trong IC va d 1a sb chiéu ctia mbi vector dic
trung:

Viéc khoi tao VDR c6 @6 phuc tap 0(1).

Véi mdi ciap vector (v4,v,), tinh toan vector ddu vao x c¢6 do phic tap
0(d); tinh toan gia tri ddurar = EMR (v;) c6 d6 phirc tap O(C*n*d) + O(C3);
liy gia tri twong tng r[index(v,)] c6 dd phirc tap 0(1); b sung cip (x,7)
vao VDR c6 d¢ phuc tap 0(1).

Do do, téng dd phuc tap cua viéc xu ly mot cap vector la
O(d+C*n*d+1+1) = O(C*n*d).

Véin’ cip vector trong IC, tong do phuc tap 1a O(n " *C*n*d)+0(C°).
Nhu vay, khi c¢6 dinh EMR do phuc tap cua thuat toan phu thudc chu yéu vao
s6 luong cap vector trong IC.

Thuat toan EMR-TS dam bao ring tit ca cac cip véc to trong IC duogc
xur Iy mot cach hé théng va chinh x4c, tao ra mot tdp VDR dﬁy du va chét lugng.
Tap VDR nay sé& 1 co s dit liéu quan trong dé tién hanh huan luyén va danh
gid mo hinh trong viéc xay dung do do tuong tu S.

3.4 Xay dung do do twong tw S ciia EMR learning duwa trén tiép cin hoc
may hdi quy mot diu ra.

Sau khi da xac dinh dugc tap huin luyén VDR, luan an tiép tuc stir dung
phuong phap hdi quy dé xay dung d6 do twong tu S. Phuong phap nay van dung
thuat toan hoc c6 nhin dudi dang hdi quy, thay vi hoc phan 16p, dé dam bao
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rang mo hinh ¢6 thé dy doan chinh xé4c gia tri twong tu gitta cac cap anh. Ly do
chinh cho viéc str dung hoc hdi quy thay vi hoc phan 16p 1a do dic tinh lién tuc
va s6 lugng 16n ciia cac gid tri tuong tu. Trong khi hoc phéan 16p thudng dugc
st dung dé phan loai cac dbi tuong vao cac nhom riéng biét, hoc hoi quy lai
phu hop hon trong viéc du doan céc gia tri lién tuc, nhu trong truong hop nay

la thr hang tuong tu gitra cac anh.

Mot thach thirc quan trong trong qua trinh ndy 1a s lvgng mau huan luyén
c6 thé rat 16n vi tap hop cac cap anh tir tap dir liéu E 14 rat 1on. Do d6, luan an
ap dung mot phuong phap hoc véi s6 luong miu huan luyén gidi han, co thé
xem nhu 1a mot dang hoc ban giam sat. Piéu ndy c6 nghia 13 mé hinh dugc
huan luyén v6i mot s lwong mau da biét trude dau ra, giup giam bét khdi luong

tinh todn va tai nguyén can thiét.

Qua trinh xay dung d6 do S théng qua hoc hdi quy cho phép mé hinh EMR

Learning c6 kha nang du doan chinh xac va linh hoat hon trong vi¢c xac dinh

Tap cdp vector IC

do tuong tu gitra cac anh.

Y
vector
*L dac

Ntrung

, L B W A
S ——— "
e : 1
EMR it

Tap vector dau vao, dau
ra VDR

Hinh 3.2: Céac bwéc xy dung dit liéu huin luyén cho mé hinh EMR

Learning
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Sau day 1a thuat toan xay dung do do twong tu dya trén céc gid tri xép hang

cia EMR ma luan an dé xuat.

Thuét toan 3.3. EMR-LSM (Thuat toan xay dung do do tuong tu dua trén cac
gié tri xép hang cia EMR).

Input: {£},_._ 1 tip vector dic trung anh,

C: 56 lwong diém neo (anchor points),

s: 50 phd‘n tir lan cdn cua mot vector ddc trung,

C: sb luong diém neo cia thuat toan EMR, tham sé a € (0,1) (a =~ 1),

t: tham s ti 16 phan tram s6 luong chon ngau nhién trong tap n phan t.
Qi thuat toan hoc may hdi quy.

Output: o do tuong tu &nh ® duoc xay dung bdi thuat todn hoc may.
Buéc 1: Xay dung dd thi cia EMR.
1.1.Tu tap vector dic trung {I,i}1<i<n.biéu dién c4c anh trong E.

Goi K-means thu duoc C diém neo {A

... cua tp vector {IC,)

I<i<n

1.2. Xac dinh ma trén trong s6 Z kich thude C x n cia EMR. Z 14 ma tran

thua voi chi C x s phan tir khac 0.
1.3. Tir ma tran thua Z tinh cdc ma tran ké W=(wj;), ma tran duong chéo D

= (Djj) cua d6 thi EMR tir cic vectors {1c,},.. . W la ma tran thua voichi n x s

I<i

56 khac 0.0.
Budce 2: Xac dinh tap cap vector IC.
2.1. Goi thu tuc 3.1 (IC-S) ching ta xac dinh duogc tap IC.
IC=IC-S

2.2. Xay dung tap VDR.
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Goi tha tuc 3.2 EMR-TS véi IC, ching ta x4ac dinh duoc tap VDR.
Chia VDR thanh 2 tap train va test (chia ngau nhién, ty 1 chang han 13 80:20),
chung ta thu dugc VDR ain, VDR et

Buwéc 3: Hudn luyén mé hinh hoc may hdi quy trén tdp VDR béi thuat toan

Qe s€ thu duge mo hinh O :
vv[ :(Vl,in 7Vl,out )’ @ : Vl,in = V/,out 5 6 déy (Vl,inavl,out) € VSRtrain-

return O .

Thuét toan 3.3 EMR-LSM di mé ta chi tiét viéc xay dung d6 do twong tu S dua
trén cac gia tri xép hang ctia EMR, phan tiép theo luin an sir dung két qua tir thuat

toan 3.3 - md hinh EMR learning dé tinh toan do twong tu anh.

Do phire tap thuat toan: Do phuc tap thuat todn cua EMR-LSM sé tuy thudc

thuat toan hoi quy duoc sir dung.

Néu str dung thuat toan hdi quy SVR, do tap VDR ¢6 K*n, phan tir, nén do
phtrc tap cia EMR-LSM: O(n*C+C?) (d0 phirc tap cia EMR) + O(n*K*ny*d,),

¢ day d, 1a so chiéu cua vector dac trung.

3.5 Uéc lwgng dd twong tw anh sir dung EMR Learning

Trong thyc té, c6 rat nhiéu bai toan yéu cau tinh toan do twong tu giita hai
anh, chang han nhu so sanh chit ky, so sanh khuén mat, hay nhan biét 14 sau
bénh. EMR Learning gitp giai quyét hiéu qua nhiing van dé nay bang cach str
dung k¥ thuat hoc may dé hoc tir két qua xép hang cia EMR. Qua d6, chiing ta
co thé xay dung mo hinh dy doan d¢ twong tu gitta cac &nh mdt cach chinh xac
va linh hoat. Phuong phap nay khong chi khic phuc nhitng han ché cuia EMR
truyén théng ma con mé rong kha niang tmg dung trong nhiéu linh vuc thyc
tién. Sau day, luan 4n mo ta qua trinh sir dung EMR Learning d¢ tinh toan do

tuong tu anh.
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Véi cap anh 1, I, (I,,I, khong nhat thiét thuoc CSDL E anh da cho, nhung
c6 ngit nghia gan voi cac anh trong CSDL E).

Tinh dac trung anh I, I, thu dugc vector vl1, v2 tuong ing

Xac dinh vector Vg p = {|v1'i’v2'i|}1sis dim (o)

Cho vector chay qua md hinh EMR Learning ta thu dugc
r = EMRLearning s, )
r chinh 1a d§ do tuong tu gitra cap anh dauvao I, I,

Céac budc thue hién duge mé ta chi tiét tai hinh 3.3

Vector dac

Anh 1,

Vector dac
trung V,

trung V,
‘ Anh |, =]
M hinh Mtk di
St EMR pe
L > gitra 2 anh
earning "
V=|V1|‘V2.| v

Hinh 3.3: Cac buéc danh gia do twong tu ciia cip anh bang EMR
Learning
Nhu vay, khi tinh d6 twong tu giita 2 anh I, va I, thi khong can st dung
cac phép toan ma trin va co s dit 1iéu c6 thé bd sung thém anh méi ma khong

can xay dung lai mé hinh.

Sau day la chi tiét thuat toan tinh toan d6 twong ty anh sit dung EMR

Learning.

Thuéat toan 3.4. EMR-SM (Thuat toan udc lugng do tuong tu anh stir dung
EMR learning).
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Input: 2 anh I, I, c6 thé ndm ngoai dataset anh E, nhung c6 ngit nghia cing
cac anh cua E ¢ giai doan huan luyén.

® : md hinh hoc may hoéi quy © di dugc huin luyén bang EMR-LSM.

Output: do do tuong tu anh ® dugc xay dung bdi thuat toan hoc may EMR-
LSM

Buéc 1: Tinh dic trung két hop mire thiap va mire cao ciia Iy va L.

1.1. Trich chon dic trung va biéu dién cic anh I, va L, bang cac dic trung 1a

{C }icicr -

Budc 2: Dy bao do twong tw cua I; va L.

2.1. Tinh vector dau vao ctia © :v, =(|IC,[k]-IC,[k]

)1gk§d ’
2.2. Du bao d¢ twong tu boi © va tra lai két qua:
return O(v,)

Tbc do thuc hién xay dung mé hinh EMR learning phu thudc vao toc do
thue hién cua két qua du bao (hdi quy SVR), trong d6 SVR duoc xem 1a phuong
phap hoc nhanh, hiéu qua din dén viéc xay dung do twong tu gitta cip anh 1a

phu hop véi bai toan thyc té.

Tt mo hinh hoc d6 do tuong ty EMR Learning - Thuat toan 3.3 EMR-
LSM va tinh toan do twong ty anh st dung EMR Learning - Thuat toan 3.4
EMR-SM, luan 4n dé& xuit mo hinh hé théng tra ciru anh dya vao noi dung st
dung EMR Learning theo mo ta tai hinh 3.4 véi cac budc nhu sau:

Budc 1: Xay dung do tuong tu EMR

Budc ndy gdm cac cong cu trich rat dic trung anh theo cac loai dic trung
mure thap, dic trung CNN, chuan hoda dic trung mic thip va tim ra bo diém
neo. Luu trit dir liéu déc trung va dir liéu diém neo dé dung cho qua trinh tra

curu anh.
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Budce 2: Hoc d6 do tuong twy EMR Learning

Str dung EMR dé tinh toan vector xép hang cho timg cdp hinh anh trong
tap huan luyén. Xay dung tap dit liéu gdm cac cip (vector dic trung, gia tri xép
hang) dé huén luyén mo hinh hoc may. Str dung cac thuat toan hoc may nhu
SVM, DNN dé hoc mé hinh mé ta mbi quan h¢ gitra vector dac trung va gia tri

xép hang.

M6 hinh dugc stir dung dé dy doan gia tri xép hang mai cho céc cap vector
chua biét, bao gdm ca trudng hop nam ngoai tap huan luyén

Budc 3: Tinh todn dg tuong tu anh

Anh dugc nguoi dung dua vao truy van va dugc trich rat dic trung voi cac
phuong phap nhu & budce 1. Sir dung EMR Learning lya chon va dua ra tap anh

lién quan v6i s6 luong anh tra vé lién quan nhat do nguoi dung yéu cau.

Tap vector
dau vao, :Ej- |

daura VDR =

s N e i

1 ]

I 1

i csDL ]

i vector dac Xéc dinh '

] i trung x€p hang !

Pha huan luyén : bang 1
I EMR i

mEmEmEmm ! Do vector !
1 sai léch N AMNAL

Pha tinh tean do : v 2 /}. :
twongty anh | i e e e T |

i = i

i 1

1 1

i 1

i 1

i i

1 1

Anh 1,
Kt i EMR Murc do tuong :
R e » tu gilta 2 anh I
o Learning : o
Anhl, - : L..2t?,

Hinh 3.4: M6 hinh so sanh d¢ twong tw anh sir dung EMR Learning
Trong cac phan tiép theo, luan an dua ra cac chi s6 danh gia hiéu qua mé

hinh dé xuét va tién hanh thyc nghiém tinh toan d6 tuong ty anh.
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3.6 Chi s6 danh gia hiéu qua EMR Learning

Pé danh gia hiéu qua ctia phuong phap EMR Learning, luan 4n st dung
chi s6 twong quan (R - Correlation Coefficient) [145]. Pay 1a chi s6 do mirc do
tuong quan gitra cic gia tri dau ra thuc va du doan cia mo hinh. Gié tri nam
trong khoang tir -1 dén 1, gia tri gin 1 cho thidy mdi twong quan tot. Viéc st
dung chi sé twong quan giup luan an c6 cai nhin tong quan va dinh luong vé
kha nang du doan cua mo hinh EMR Learning trong viéc xac dinh do tuong tu
gilra cac anh.

Cong thire tinh toan Chi sd twong quan Pearson (Correlation Coefficient)
cho mot mo6 hinh hoc may nhu sau:

Y1<is#VDRyy gy Ti—T) Fi=1)

\/leis#VDRtrain(ri_f)2\/215is#VDRtrain(fi_f)2

(3.3)

Rirgin =

Y1<i<#VDRpps Ti=T) (fi=f)

\/leis#VDRtest(ri_f )2\/215is#VDRtest(fi_f_)2

(3.4)

Riest =

Trong do:
Riin: Chi s6 twong quan Pearson khi danh gid trén bd huan luyén cho mé
hinh SVR.
Riesi: Chi s twong quan Pearson khi danh gia trén bo huan luyén cho mo
hinh SVR.
ri: 1a gia tri d0 twong tu cap anh thu i tinh dugc béng EMR.
fi: 1a gia tri d6 twong tu du bao tinh bang EMR Learning.
Khi 0.7<Rtrain<1 thi mé hinh hoc hdi quy dugc xem 13 c6 kha ning hoc kha
tot.

Tiép theo, luan &n sé trinh bay chi tiét cac bude thue nghi¢m dé kiém tra
va danh gia hiéu qua ciia EMR learning. Trong phan nay, luan 4n s& mo ta

cac tap dir li¢u st dung, cach thirc tién hanh thyc nghiém, va cac két qua thu
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duge. Cac thi nghiém nay khong chi giup kiém ching tinh kha thi cta
phuong phap ma con cung cip nhimg thong tin quan trong dé so sanh véi
cac phuong phap khac.

3.7. Thuc nghiém va cac két qua

3.7.1 Méi trwong thwe nghiém va hudn luyén EMR Learning

Céc thuc nghiém dugc thuc hién moi truong may tinh ca nhan.

Bang 3.1 trinh bay cau hinh ctia méi trudng thuc nghiém trén may tinh ca
nhan. Cac tham s6 thuc nghiém duoc trinh bay trong Bang 3.2.

Luan an danh gia bang d6 do Accuracy (P9 chinh xac) va Validation (kiém
thir &6 chinh xac cia mé hinh tinh chinh khi huan luyén). Cac tdp anh huan
luyén dugc chia theo ti 1€ 20% anh trong CSDL lam tdp anh Validation, 80%
anh trong CSDL lam tip anh huin luyén.

Bang 3.1. Moi truwong thuc nghiém may tinh ca nhan
CPU RAM Disk

Intel® Core™ i5-6850HQ CPU @2.4
Ghz; GPU 4Ghz

32 GB DDR3 SSD 1TB

Bang 3.2. Thoi gian huin luyén EMR Learning trén cac tip dir liéu

Thoi gian huén Training Training | Validation
luyén Tap ditlicu accuracy loss accuracy
89,365 giay Sign300HD 0.9421 0.1731 0.9215
(>24 gi0)
312777 giay Leaf30 0,9524 0,1512 0,9157
(>86 gi0)
456982 giay Corel30K 0,9163 0.1842 0,8526
(>126 gio)

106




3.7.2 Cic tham sé va két qud thwe nghiém mé hinh EMR Learning

Dé danh gia hiéu qua ciia mo hinh EMR Learning, luan an tién hanh thuc
nghiém trén céc tap dir liéu Sign300HD, Leaf30 va Corel30K. Trong dé cac
tham s thuc nghiém cho budc st dung EMR tinh toan d6 twong tu cac véc to
dau vao cho mo6 hinh EMR Learning dugc thé hién tai bang 3.3, cu thé:

Bang 3.3. Tham s6 thwc nghiém mé hinh EMR Learning

TT Tap dir li€u Nbpest C r
1 | Leaf30 16 200 3
2 | Sign300HD 100 2000 5
3 | Corel30K 100 3000 5

Vi Niest 14 56 anh cho mdi 1an truy van trong 20% s6 lwong mau truy van
léy ngﬁu nhién, C 14 s6 diém neo, C dugc chon tuy theo bd dir li€u, r 1a s6 1an
can.

Dé danh gia hiéu qua cia EMR Learning, tap véc to sai khac VDR duoc
chia thanh 2 bo:

« B0 huin luyén VDRin: 80% dir liéu dugc st dung dé huan luyén mo
hinh EMR Learning.

« B0 kiém tra VDR es:: 20% con lai ding dé kiém tra d6 chinh xac du doan
cua mo hinh.

Tién hanh huin luyén véi thuit toan hoc hdi quy SVR véi cac tham sb
chinh [CT8]: C (Hé s6 diéu chinh)=1000, ¢ (Ngudng sai s6)= 0.0001; ham hat
nhan RBF thu dugc mo6 hinh hoc mdy EMR Learning.

Luan 4an tién hanh danh gid dinh lwong hiéu qua cia md hinh EMR
Learning bang chi s6 twong quan (R - Correlation Coefficient).

Luan an thuc nghi¢m huan luyén mo6 hinh EMR Learning trén bo dir li¢u
Sign300HD va Corel va danh gia két qua bang chi s6 tuong quan, két qua thé

hién & bang sau:
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Bang 3.4. Két qua danh gia hiéu qua EMR Learning bing chi so twong

quan trén cac tap dir liéu

Chi s6 danh gia

B0 dir li€u
Rtrain Rtest

Sign300HD 0,94 0,92

Leaf30 0.95 0.92

Corel 0.98 0.93

Diéu nay chimg t6 EMR Learning c6 kha ning hoc va khai quat tét, mang
lai @6 chinh xac cao trong vi¢c du doan do tuong tu hinh anh. Tiép theo, luan
an tién hanh do d6 twong tu anh chit ky, cu thé véi cdp anh chir ky chay qua mo
hinh EMR Learning cho két qua dung thuc té. Hinh dudi diy mo ta két qua tra
ctru cap anh chir ky.

Query image
Xép theo L2 v&i vector nhing (Sighet):

:0. L2:0.3669668 12:0.41504624 L2:0.4724714 12:0.48577186
rank:14.23240391676003 rank:12.989757412700587 rank:12.408302566985949 rank:13.038647073919751 rank:12.09197764190268

thob—

Query image: 193
X&p theo L2 voi vector nhing (SigNet):

Label:193 Label:193 Label:193 Label:193 Label:077
L2:0.0 12:7.9713926 L2:8.317975 L2:8.412888 L2:8.725832
rank:1.7913842822974253 rank:0.8046501646167894 rank:0.8870344435430592 rank:0.8208707403775751 rank:0.3398088461510292

- @uc At e

Hinh 3.4: Két qua so sanh d9 twong tw anh chir ky trong b Sign300HD
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stt dung EMR Learning
Céc chi s6 danh gia néu trén cho phép do d6 chinh xac cia EMR Learning
tong quat mot cach toan dién thong qua cac goc do khac nhau nhu do twong
quan, d6 1éch trung binh hay phuong sai. Két qua danh gia s& cung cip co so
tin cdy dé khang dinh hiéu qua va tinh kha thi ctia phuong phap EMR Learning.

3.8 Hoc xép hang véi van dé nhian dang nhin

Trong truong hop cta cac CSDL anh c6 mot sb giéi han nhin cua anh,
chung ta ddi dién v&i mot van dé khéac biét so vai truy van hinh anh, trong
d6 dau vao 14 hai anh va dau ra 1a danh gia vé murc do tuong tu gitta ching.

béi lap voi van dé nay, la van dé nhan dang nhan cua mot anh dau vao
theo tap dir liéu nhan cho trudec.

Tuy ca hai van dé lién quan dén hinh anh, nhung chung c6 su khac biét
trong cach tiép can va giai quyét. Bai toan nhan dang thuong duoc hiéu chinh
xac boi nguoi dung, khong ¢ sy “md” nhu muc do twong tu gitra hai anh
trong bai toan tra ctru anh.

Tuy nhién ching ta c6 thé van dung mot phuong phap tra ctru anh nhu
EMR cho van dé nhan dang nhan ctia anh [CT5-CT7].

Gia st ching ta cin nhan dang nhin cta anh q khi cic mau (template)
trong CSDL anh E ¢6 L nhin duoc danh sb tir 1 dén L (dé cho don gian trinh
bay, chung ta ddng nhat ky hiéu anh va vector dic trung biéu dién anh). Thuat
toan nhan dang nhén cua anh q theo luat vote gan nhén cta anh q 13 nhin xuét

hién nhiéu nhat trong N-top anh c6 d6 twong tu cao nhat voi q nhu sau:

Buéc 1. Xac dinh N anh {E;q, E;3, ... E;x} trong CSDL anh E ma c6 d6 tuong
tir (theo xép hang d6 do khoang cach) 14 16n nhét.

Bwée 2. Xac dinh nhan 1y nhu sau:
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1, = vote ({Eik}lsksN) = agr max{#{label(E; ) =1}/1 <1< N} (3.5)
Buwéc 3. Két luan nhin cia q 1a L.

Chung ta c6 thé phat biéu khai quat mot chi s6 danh gia két qua nhan dang
nhan anh ctia anh dau vao q theo tiép can kiéu c6 khudn mau (template) dua trén
mot d6 do tuong ty anh S va tap mau (template) anh E véi cac tham s N (lay N-
top theo gia tri twong tu 16n nhat so v6i q dugc do boi S) nhur sau va luat quyét
dinh nhén DS (chiang han DS 13 luat vote, S 14 d6 do 1ay theo do do khoang cach):

Accuracy(q; S,N, DS) = {1: lq = DS(argmir:)N — top(S(q, Ei))) (3.6)
Acc(S,N,DS) = ﬁZglAccuracy(q; S,N,DS) (3.7)

Trong [38] thi ERR dugc sir dung dé danh gia do chinh xac ctia mo hinh
AGR, ERR duoc tinh qua chi s6 Acc nhu sau :

ERR(S,N,DS) = 100 — 100 x Acc(A, N, DS)
(3.8)

Khi d4 cd dinh N, S va DS chiing ta s& chi viét gon 13 ERR.

Pé danh gia hiéu qua cua chi s6 ERR, luan 4n tién hanh so sanh dua trén
chi s6 ERR 14 ty 1¢ 13i trung binh cila cac phuong phap AGR, EMR va CoEMR
trén bo dit liéu Leaf30. Két qua thuc nghiém ¢ bang sau cho théy CoEMR dat
dd chinh xac tdt hon, diéu nay lam ndi bat tinh hiéu qua cua vi¢c cai thién mo

hinh h6a méi quan hé trong qu4 trinh tra ciru anh.
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Bang 3.5. Bang so sanh két qua sir dung chi s6 ERR

TT Tham s6 AGR EMR CoEMR
1. | C=1000, Nbest=100 | 44,26% 18.89% 13,63%
2. | C=1500, Nbest=100 | 39,43% 19.01% 13,58%
3. | C=2000, Nbest=100 | 41,55% 19.17% 14,78%
4. | C=2500, Nbest=100 | 40,49% 21.34% 16,29%
5. | C=3000, Nbest=100 | 38,33% 22.16% 16,67%

3.9 Két luan chwong 3

Trong chuong nay, ludn an da dé xuit thuat toan EMR Learning, mot
phuong phap dua trén hoc may va xép hang EMR dé xay dung cac do do twong
tu gitta hai anh ngay ca khi chung nam ngoai co s dir liéu anh duoc st dung
dé t6 chure db thi xép hang cia EMR. Phuong phép nay dugc xdy dung dua trén
két qua xép hang da tap EMR, ké thira nhitng wu diém cia EMR da dugc thé
hién trong cac két qua trinh bay & Chuong 2, dong thdi khic phuc han ché khi
so sanh anh ngoai CSDL.

Piém khac biét ¢t 16i cia EMR Learning nam ¢ viéc xay dung do do
tuong tu anh théng qua hoc ban giam sat tir gid tri xép hang EMR, thay vi phai
thém anh vao CSDL, xay dung d0 thi quan hé ké va tinh toan véc to xép hang
nhu cach tiép can truyén théng. Cu thé, mé hinh hoc may dugc st dung dé mé
tad mdi quan hé gilra vector dac trung va gia tri xép hang, tir d6 du doan do
tuong tu cho cac cap anh chua cé trong CSDL.

Thuat toan EMR Learning duogc trién khai theo méot quy trinh gém ba
thanh phan chinh: EMR-TS (lya chon tip huén luyén), EMR-LSM (hoc md
hinh d6 tuong tu), va EMR-SM (du bao do twong tr). Cach tiép can nay gitp
loai b6 cong doan xay dung dd thi phirc tap, don gian héa thuit toan va ting

kha niang mé rong cho dit liéu méi. Pong thoi, phuong phap ndy ciing nang cao
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hiéu qua trong viéc udc lugng do twong tu giita cac anh khong thudce tap huin
luyén ban dau.

Khi xay dyng thuat toan hoc két qua xép hang cia EMR, EMR Learning
d3 van dung hiéu qua cac thuat toan hdi quy, bao gdbm SVM Regression va
Random Forest Regression, trong d6 tdp nhan huan luyén dugc xay dung tir
cap dir liéu gdm vector dic trung anh va két qua xép hang EMR. Trong qua
trinh nay, CSDL vector dac trung co thé duogc cap nhat lién tuc, giup mo hinh
thich tmg t6t hon véi dir liu mai.

Phuong phép dé xuét da duoc danh gia trén céc tap dir liéu anh Leaf30,
Sign300HD, Corel30K va VGG60K, véi két qua thuc nghiém cho théy su cail
thién dang ké vé do chinh xac, dugc do ludng qua ca danh gia truc quan va cac
chi s6 khach quan. So véi cac phuong phap hoc @6 do khoang cach khac nhu
NCA va CMML, thuat toan EMR Learning cho thay d6 chinh xé4c ting dang
ke.

Bén canh d6, luin an ciing nghién ctru va tng dung két qua xép hang EMR
cai tién vao bai toan nhan dang nhan anh, theo hudng tiép can dya trén khudn
mau (template). Két qua thu duoc xac minh tinh hiéu qua cua phuong phap dé
xudt, gop phan vao hudng nghién ctru trong linh vuc tra ctru anh dua trén noi
dung, nhan dang d6i tuong va cac tng dung khac trén cac CSDL véc to trong

linh vuec tri tu€ nhan tao.
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KET LUAN VA HUONG PHAT TRIEN

Lu4n 4n d3 trinh bay khai quat mot s6 van dé co ban lién quan dén cac bai
toan trong CBIR. Trén co s& khao sat va phan tich cac nghién ctru lién quan vé
tra ctru anh, luan an da tap trung nghién ctru hai van dé co ban:

1. Két hop 2 xép hang EMR (&p dung cho anh dugc biéu dién bang nhiéu
bd mo ta).

2. Hoc d¢ do tuong tu EMR - EMR learning (do d¢ lién quan gitra 2 anh
c¢6 thé nam trong hoic ngoai CSDL anh).

Véi van dé 1, luan an dat dugc 2 két qua: (1) Két qua chinh: D& xuat thuat
toan két hop tuyén tinh va phi tuyén cac két qua xép hang riéng ré cta cac bo
dic trung muc thip va cta b dic trung mire cao (dic trung nhung, dic trung
CNN). (2) Két qua bo sung: D& xuét thuat toan két hop tuyén tinh va phi tuyén
cac két qua xép hang theo timg anh riéng 1& trong tra ctru anh v6i nhiéu hon 1
anh truy van.

Thuat toan két hop tuyén tinh va phi tuyén cac két qua xép hang riéng 1&
clia cac bo dic trung murc thip va ciia bd dic trung mirc cao (dic trung nhing,
dic trung CNN) bao gdm 3 thuat toan COEMR-L, CoEMR-S, CoEMR-P (cho
tra ciru v6i mot anh truy van) [CT1-CT4], va thuét toan két hop tuyén tinh va
phi tuyén cac két qua xép hang theo timg anh riéng ré trong tra ctru anh voi
nhiéu hon 1 anh truy vin EMR-FRMQ [CT8] (cho tra ctru v&i nhiéu anh truy
van) xép hang cac véc to dic trung mirc thip, dic trung mirc cao (véc to nhing,
dic trung CNN) sir dung EMR, két hop chiing thanh mét xép hang duy nhat.

Céc thuat toan két hop xép hang ciia EMR khi 4p dung vao CBIR di ting
két dang ké d6 chinh xac tra ctru, va da dugc minh chirng béng thuc nghi¢m
trén cac tap dir li€u anh 16n thong dung.

Vi van dé 2, luan an dat duoc 2 két qua: (1) Két qua chinh: Dé xuét thuat

toan xdy dung d6 do twong tu anh tir cac gia tri xép hang EMR theo tiép can
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hoc ban giam sat. (2) Két qua bo sung: D& xuat thuat toan nhan dang anh theo
tiép can nhin dang khudén mau (template) dua trén két qua xép hang duya trén
EMR cai tién.

Vé chi tiét, luan 4n d3 dé xuét thuat toan xay dung do do tuong ty anh tir
cac gia tri xép hang EMR theo tiép can hoc ban giam sat - EMR Learning, 13
thuat toan do do tuong ty gitta 2 anh (c6 thé nam ngoai CSDL anh duoc s
dung dé huin luyén), thuat toan duoc hoc dua trén két qua Xép hang EMR va
do d6 ké thira duge wu diém cia EMR [CT5-CT7].

Thuéat todn EMR learning xay dung d0 do tuong tu anh theo tiép can hoc
ban giam sat cac gia tri xép hang EMR, véan dung céc k¥ thuét hoc hdi quy nhu
SVM regression (hodc ¢ thé thay thé bang Random forest regression..) dé dat
duoc do chinh xac cao cia md hinh hoc két qua xép hang. Cac két qua thuc
nghiém da ching to thuat toin EMR Learning da cai thién duoc do chinh xac
s0 v6i cac thudt toan EMR gdc trén cing bo dic trung. Ngoai ra, luan an da dé
xudt thudt toan nhan dang anh theo tiép can nhan dang khudén mau (template)
dua trén két qua xép hang dua trén EMR cai tién. Cac két qua cua luan 4n da
dong gop vao linh vuc tra ctru anh dua trén ndi dung bang cach dé xuit phuong
phap két hop xép hang tir nhiéu mé hinh EMR va hoc d6 do tuong tur tir gid tri
xép hang, qua d6 nang cao d6 chinh xac ctia hé théng CBIR.

Trong qué trinh thyc hién luan 4n, ching toi (nghién ctru sinh va tap thé
gido vién huéng din) da tong hop cac cong trinh cong bd quan trong co lién
quan trong pham vi nghién ctru ctia luén an, cac dé xuat cta luan an da cong bd
& cac tap chi/hdi thao Qudc té/trong nudc vé xay dung cac vector biéu dién anh
cling nhu cac phuong phap tim diém neo va cai tién thuat toan xép hang EMR
gbc, va dd kiém chung hiéu qua cua cac thuit toan dé xuat thong qua thuc
nghiém.

Ngoai ra, ludn an sé tiép tuc nghién ctru va hoan thién thuat toan xép hang

da tap, nghién ctru mé rong mo hinh da truy van, tra cru thong tin thi giac &
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murc nglr nghia cao hon dya trén cédc thuat toan phan doan anh theo ngir nghia
(semantic segmentation).

Hudng nghién ciru tiép theo ctia luan an du kién 1a:

(1) Phat trién bo dit liéu huan luyén gdm bd anh huin luyén cho bai toan
tra ctru anh theo ndi dung véi bo dit liéu 1a cac anh Y té, anh Nong nghiép ciing
nhu céc loai dit liéu anh phuc vu cho cac van dé Kinh té/xa hoi. ..

(2) Nghién ctru 4p dung k¥ thuat EMR Learning cho cac bd dit liéu khac
nhau va két hop mé hinh ngon ngit 16n (LLMs) tra ctru theo ngir nghia nham

nang cao dg chinh xac cua cac hé thong tra ctru anh.

Text
describing
images 1

-

-
H

w

______________ % Semantic
similarity value
Text similarity

Combine
Image
similarity value

o

Hinh 3.5: Huéng nghién ciru két hop EMR Leaning va cic méd hinh ngén
ngir lon LLMs tinh d§ twong ty ngir nghia anh.

115



DANH MUC CAC CONG TRINH KHOA HOQC CO LIEN QUAN PEN
LUAN AN

[CT1] Huy Tran Van, Dzung Pham Thi Kim, Huy Ngo Hoang and Quy Hoang
Van, “Enhancing the performance of manifold ranking in image
retrieval using combined rank on low-level features and embedded
vectors”, Journal of Information Hiding and Multimedia Signal
Processing(JIHMSP). 11(4), 172-186 (2020)

[CT2] Tran Vin Huy, Dao Vin Tuyét, Hoang Vian Quy, Nguyén Vin Poan,
Hoang Xuan Trung, Nguyén Van Quyén, Vii Thi Khanh Toan, Lé Dinh
Nghi¢p, “Ndng cao hiéu nang cua danh hang da tap EMR trong truy
van hinh dnh sir dung phiong phdp danh hang da dic trung anh”, Ky
yéu Hoi nghi Qudc gia 1an th XV vé Nghién ciru co ban va tng dung
Cong ngh¢ thong tin (FAIR), 2022.

[CT3] Trén Vin Huy, Dao Vin Tuyét, Ngd Hoang Huy, Pham Thi Kim Dzung,
Nguyén Vin Quyén, Pham Hong Xuan, “Két hop két qua xép hang ciia
nhiéu EMR trong truy vin anh theo ngi dung”, Ky yéu Hoi thao khoa
hoc Pai hoc Qudc té Sai Gon, 2023.

[CT4] Tran Vin Huy, Ng6 Hoang Huy, Pao Van Tuyét, Tran Cong Hung,
Pham Thi Kim Dzung, Nguyén Van Quyén, Lé Binh Nghiép, “Xac dinh
dé twong tw ciia cdc anh chir ky dwa trén tiép cdn xép hang da tap”, Ky
yéu Hoi nghi Qudc gia 1an thir XVI vé Nghién ctru co ban va ung dung
Cong ngh¢ thong tin (FAIR), 2023.

[CTS] Tran Van Huy, Dao Van Tuyet, Ngo Hoang Huy, Pham Thi Kim
Dzung, Hoang Van Quy, Le Dinh Nghiep, Bui Dinh Chien, Nguyen
Van Quyen “Fusion methods of multiple EMR rankings in Content-
based image retrieval” The 8th International Conference on Applied &
Engineering Physics (CAEP-8) - 2023.

[CT6] Tran Vin Huy, Ngé Hoang Huy, Pao Vin Tuyét, Nguyén Vin Doan,
Hoang Trong Minh, Hoang Vin Quy, Pham Thi Kim Dzung, Nguyén
Thanh Y, Lé Pinh Nghiép “Hoc khéng gidm sat dé do twong tir trén di

116



liéu da tap cua cdac bo mo ta hinh anh”’, Ho1 nghi Qubc gia vé Dién tu,
Truyén thong va Cong nghé thong tin (REV-ECIT), 2023.

[CT7] Tran Van Huy, Dao Van Tuyet, Ngo Nguyen Khoi, Pham Thi Kim
Dzung, Ngo Hoang Huy, Bui Dinh Chien “Nonlinear Fusion of
multiple Efficient Manifold Rankings in Content-Based Medical Image
retrieval” International Symposium on Grids & Clouds (ISGC)
TAIWAN - 2024. https://doi.org/10.22323/1.458.0002.

[CT8] Tran Van Huy, Ngo Hoang Huy, Dao Van Tuyet, Yasuhiro Hayashi,
Ngo Nguyen Khoi, Le Ngoc Thanh “Combining EMR rankings for
multi-image queries” International Computer Symposium (ICS)
Taiwan. 2024.

117



[10]

[11]

TAI LIEU THAM KHAO

L.Y.Y.a. Q. T.Zheng, ""SIFT meets CNN: A decade survey of instance retrieval.," /[EEE
transactions on pattern analysis and machine intelligence 40.5 (2017), pp. 1224-1244,
2017.

M. W. S. S. A. G. a. R. J. Arnold WM Smeulders, "Content-based image retrieval at the
end of the early," in Pattern Analysis and Machine Intelligence, IEEE Transactions on,
22(12),2000.

Y.Y.B. a. G. H. LeCun, ""Deep learning."," nature 521.7553 (2015), pp. 436-444, 2015.

W. e. a. Chen, " "Deep learning for instance retrieval: A survey."," IEEE Transactions on
Pattern Analysis and Machine Intelligence (2022)., 2022.

J. a. A. P. Janjua, " "Comparative Review of Content Based Image Retrieval Using Deep
Learning."," Intelligent Computing and Networking (2022):, pp. 63-74, 2022.

K. Z. X.R. S. a. S. J. He, "Deep Residual Learning for Image Recognition," in in Editor:
“Book Deep Residual Learning for Image Recognition” (edn.), 2016, pp. 770-778.

F.G.T. a. O. C. Radenovi¢, ""CNN image retrieval learns from BoW: Unsupervised fine-
tuning with hard examples."," in Computer Vision-ECCV 2016: 14th European
Conference, Amsterdam, The Netherlands, Amsterdam, The Netherlands, October 11-14,
2016, Proceedings, Part.

F. G. T. a. O. C. Radenovi¢, ""Fine-tuning CNN image retrieval with no human
annotation."," IEEE transactions on pattern analysis and machine intelligence 41.7
(2018): ., pp. 1655-1668, 2018.

D. e. a. Zhou, ""Learning with local and global consistency."," Advances in neural
information processing systems 16 (2003)., vol. 16, pp. 595-602, 2003.

X.J.Y.a. J. M. Li, " "Recent developments of content-based image retrieval (CBIR).","
Neurocomputing 452 (2021),, pp. 675-689, 2021.

H. A.N. M. Z. a. M. A. F. Elnemr, ""Feature extraction techniques: fundamental concepts
and survey."," in Handbook of research on emerging perspectives in intelligent pattern

recognition, analysis, and image processing. , IGI Global,, 2016, pp. 264-294.

U. e. a. Sharif, ""Scene analysis and search using local features and support vector machine
for effective content-based image retrieval."," Artificial Intelligence Review 52 (2019):
901-925., vol. 52, pp. 901-925, 2019.

M. e. a. Yousuf, ""A novel technique based on visual words fusion analysis of sparse
features for effective content-based image retrieval."," Mathematical Problems in
Engineering 2018 (2018)., 2018.

H. e. a. Bay, ""Speeded-up robust features (SURF)."," Computer vision and image
understanding , vol. 110.3, pp. 346-359., 2008.

S. e. a. Jabeen, ""An effective content-based image retrieval technique for image visuals
representation based on the bag-of-visual-words model."," PloS one 13.4 (2018):
e0194526., 2018.

A.M.J.S.K.S. A. A.D.S. J. G. Ashraf R., "Content based image retrieval by using color
descriptor and discrete wavelet transform," Journal of medical systems, pp. 1-12, 2018.

118



[20]

[21]

[22]

[23]

[24]
[25]

[32]

S. T.S. Pavithra L. K., "An efficient seed points selection approach in," Cluster Computing,
pp. 1225-1240, 2019.

D. N. Chaki J., "Image Color Feature Extraction Techniques: Fundamentals and
Applications," in Springer Nature, 2020.

J. S. Vinayak V., "CBIR system using color moment and color autoCorrelogram with block
truncation coding," International Journal of Computer Applications, 161(9), pp. 1-7,2017.

R. T. A. Khokher, "A fast and effective image retrieval scheme using color, texture, and
shape-based histograms," Multimedia Tools Appl. 76 (20), p. 21787-21809, 2017.

K. S. I. Petrou M. M., Image processing: dealing with texture, John Wiley Sons, 2021.

D. G. Garg M., "A novel content-based image retrieval approach for classification using
GLCM features and texture fused LBP variants," Neural Computing and Applications, 33,
pp- 1311-1328, 2021.

S. T. S. Pavithra L. K., "An efficient seed points selection approach in dominant color
descriptors (DCD)," Cluster Computing, 22(4), pp. 1225-1240, 2019.

D. N. Chaki J., A beginner’s guide to image shape feature extraction, CRC Press, 2019.

E. M. F., "Content Based Image Retrieval for Multi-Objects Fruits Recognition using k-
Means and k-Nearest Neighbor," in International Conference on Data and Software
Engineering, ,2017.

Y. e. a. Yang, ""Image retrieval via learning content-based deep quality model towards big
data."," Future Generation Computer Systems 112 (2020), vol. 112, pp. 243-249, 2020.

nn

J. e. a. Wan, ""Deep learning for content-based image retrieval: A comprehensive study.",
in Proceedings of the 22nd ACM international conference on Multimedia. , 2014.

P. e. a. Desai, " "Hybrid approach for content-based image retrieval using vggl6 layered

architecture and svm: an application of deep learning."," SN Computer Science 2 (2021),
vol. 2, pp. 1-9, 2021.

S. e. a. Gkelios, " "Deep convolutional features for image retrieval."," Expert Systems with
Applications 177 (2021): 114940., vol. 177, 2021.

R. R. V. P. a. P. G. K. Saritha, ""Content based image retrieval using deep learning
process."," Cluster Computing 22 (2019): , vol. 22, pp. 4187-4200., 2019.

Y. e. a. Rui, " "Relevance feedback: a power tool for interactive content-based image
retrieval."," IEEE Transactions on circuits and systems for video technology 8.5 (1998),
vol. 8.5, pp. 644-655, 1998.

K. a. S. M. Rajakumar, ""MRI image retrieval using wavelet with Mahalanobis distance
measurement."," Journal of Electrical Engineering and Technology 8.5 (2013): 118§-
1193., vol. 8.5, pp. 1188-1193, 2013.

J.W. A. G. O.B. B. S. Dengyong Zhou, "Ranking on Data Manifolds," Advances in Neural
Information Processing Systems, 2003.

P.D.J.G. X. Z. a. Y. C. Xue-Qi Cheng, ""Ranking on Data Manifold with Sink Points","
IEEFE Transactions on Knowledge and Data Engineering ( Volume: 25, Issue: 1 ), January
2013.

L.Z. H. L. X. R. M.-H. Y. Chuan Yang, "Saliency Detection via Graph-Based Manifold
Ranking," in Conference on Computer Vision and Pattern Recognition, Portland, OR,
USA, 2013.

119



[40]

[41]

[42]

[43]

J.B.C.C.C. W.D. C. X. H. Bin Xu, "EMR: A Scalable Graph-based Ranking Model for
Content-based Image Retrieval," IEEE Transactions on Knowledge & Data Engineering,
vol. 27(1), pp. 102-114, JANUARY - 2015.

nn

K. J. B. a. V. T. Yu, " "Active learning via transductive experimental design.",”" in
Proceedings of the 23rd international conference on Machine learning. 2006., USA, 2006.

M. e. a. Wang, ""Scalable semi-supervised learning by efficient anchor graph
regularization."," IEEE Transactions on Knowledge and Data Engineering 28.7 (2016):
1864-1877., vol. 28.7, no. IEEE, pp. 1864-1877, 2016.

M. e. a. Zhao, ""A scalable sub-graph regularization for efficient content based image
retrieval with long-term relevance feedback enhancement."," Knowledge-based systems
212 (2021): 106505., vol. 212, 2021.

S. T. Roweis, "Nonlinear Dimensionality Reduction by Locally Linear Embedding.,"
Science, vol. 290, no. 5500, , vol. vol. 290, pp. 2323-2326, 2000.

W. J. H. a. S.-F. C. Liu, " "Large graph construction for scalable semi-supervised

nn

learning."," in Proceedings of the 27th international conference on machine learning
(ICML-10). 2010., 2010.

B. e. a. Xu, " "Efficient manifold ranking for image retrieval."," in Proceedings of the 34th
international ACM SIGIR conference on Research and development in Information
Retrieval. ,2011.

H.L.F. M. Q. W. L. X. Lei Ma, ""Manifold-ranking embedded order preserving hashing
for image semantic retrieval"," Journal of Visual Communication and Image
Representation, 44. doi:10.1016/j.jvcir.2017.01.014 , pp. 29-39, 2017.

X. a. P. N. He, ""Locality preserving projections."," Advances in neural information
processing systems 16 (2003)., vol. 16, 2003.

R. Chang, "Effective Graph-Based Content-Based Image Retrieval Systems for Large-
Scale and Small-Scale Image Databases," Computer Science, 2013.

M. L. H.-J. Z. H. T. a. C. Z. J. He, "Manifold-ranking based image retrieval," in ACM
International Conference on Multimedia, New York, NY, USA, 2004.

Y. H. X. G. Y. Z. A. N. Z. JUN WU, ""Heterogeneous Manifold Ranking for Image
Retrieval"," IEEFE Access, 2017.

N. S. Nira Dyn, ""Manifold-valued subdivision schemes based on geodesic inductive
averaging"," Journal of Computational and Applied Mathematics, Volume 311, pp. Pages
54-67,2017.

Y. Y. Q. W. a. F. N. Xiaojun Chen, ""Fast Manifold Ranking With Local Bipartite
Graph",," IEEE TRANSACTIONS ON IMAGE PROCESSING, VOL. 30,, 2021.

B. e. a. Wang, ""Manifold-ranking based retrieval using k-regular nearest neighbor
graph."," Pattern Recognition 45.4 (2012): ., pp. 1569-1577, 2012.

Y.-Y. T.-L. L. a. H.-T. C. Lin, " "Semantic manifold learning for image retrieval."," in
Proceedings of the 13th annual ACM international conference on Multimedia., 2005.

H. e. a. Miiller, ""Performance evaluation in content-based image retrieval: overview and
proposals."," Pattern recognition letters 22.5 (2001), pp. 593-601, 2001.

D. P. H. a. N. Sebe., "How to complete performance graphs in content-based image
retrieval: add generality and normalize scope," in I[EEE Transactions on Pattern Analysis
and Machine Intelligence, 27(2), 2005.

120



[65]

[66]

[71]
[72]
[73]

J. Z. W. a. R. K. Y. Chen, "Clue: Cluster-based retrieval of images by unsupervised
learning.," in /[EEE Transactions on Image Processing, 2003.

M. A.F. A.K. J.a. H-J. Z. A. Vailaya, "Image classification for content-based indexing,"
Trans. Img. Proc., 10(1), pp. 117-130, January 2001.

R. F.a. W. T. F. A. Torralba, "80 million tiny images: A large data set for nonparametric
object and scene recognition.," in IEEE Transactions on Pattern Analysis and Machine
Intelligence, 30(11):,2008.

.. Cao et al, "https://paperswithcode.com/dataset/vggface2-1," 2017. [Online].

Q. N. e. a. Huu, ""Graph-based semisupervised and manifold learning for image retrieval
with SVM-based relevant feedback."," Journal of Intelligent & Fuzzy Systems 37.1, vol.
37.1, pp. 711-722, 2019.

W.M.S.H.S. M. Y. Z H. W. S. J. Jing Wang, "https://paperswithcode.com/paper/logo-
2k-a-large-scale-logo-dataset-for," 2019. [Online].

T.D.V.H.N.H.S. A. C. N. Q. a. Q. H. V. Trung Hoang Xuan, "“A Novel Non-Gaussian
Feature Normalization Method and its Application in Content Based Image Retrieval”,,"
Nonlinear Phenomena in Complex Systems journal, Volume 22 (1-17), No 1,, pp. 1-17,
2019.

S. R. Dubey, "A Decade Survey of Content Based Image Retrieval," in I[EEE Transactions
on Circuits and Systems for Video Technology -arXiv:2012.00641v2 [cs.CV], 2021.

J.A..J.R.a. D. L. Albert Gordo, "Deep Image Retrieval: Learning global representations
for image search," arXiv:1604.01325v2 [cs.CV], 28 Jul 2016.

B. a. A. D. Bhanu, "Concepts learning with fuzzy clustering and relevance feedback.,"
Engineering Applications of Artificial Intelligence 15.2, pp. 123-138, 2002.

P. e. a. (Eds.), "Multi-Manifold Ranking: Using Multiple Features for Better Image
Retrieval," in PAKDD 2013, Part II, LNAI 7819, Springer-Verlag Berlin Heidelberg, 2013,
pp. 449-460.

mathworks, "https://www.mathworks.com/help/matlab/math/optimizing-nonlinear-
functions.html," [Online].

M. a. L. Q. V. Tan, "EficientNet: Rethinking model scaling for convolutional neural
networks," in 6th International Conference on Machine Learning, ICML 2019, , 2019-
June, .

E. e. a. Tu, ""A novel graph-based k-means for nonlinear manifold clustering and
representative selection."," Neurocomputing 143 (2014):, pp. 109-122, 2014,

S. I. H. G. E. (. Krizhevsky A., ""Imagenet classifcation with deep convolutional neural

nn

networks,"," Advances in Neural Information Processing Systems, , p. p. 1097-1105.,2012.

The-Anh Pham, Van-Hao Le, Dinh-Nghiep Le, "A review of feature indexing methods for
fast approximate nearest neighbor search," 5th NAFOSTED Conference on Information
and Computer Science (NICS), 2018.

W. S. T. a. P. L. Zhao, ""SONG: Approximate nearest neighbor search on GPU."," 2020
IEEFE 36th International Conference on Data Engineering (ICDE). IEEE, , no. IEEE, 2020.

Keras, "Keras https://keras.io/," [Online].
Tenssorflow, "https://www.tensorflow.org/," [Online].

0. s. c. v. library, "OpenCV: https://www.opencv.org," [Online].

121



[75]
[76]

[77]

[86]

[90]

nn

T. a. M. L. Y. Matsumoto, " "Accelerating exact similarity search on cpu-gpu systems.",
in IEEE International Conference on Data Mining. IEEE, 2015., 2015.

Facebook, "https://github.com/facebookresearch/faiss," Facebook. [Online].

P.a. S. A. Arulmozhi, " "A comparative study of hash based approximate nearest neighbor
learning and its application in image retrieval."," Artificial Intelligence Review 52 (2019),
pp. 323-355.,2019.

J. C. Bezdek, "Pattern recognition with fuzzy objective function algorithms.," Springer
Science & Business Media., 2013.

T. C. e. a. Havens, " "Fuzzy c-means algorithms for very large data."," IEEE Transactions
on Fuzzy Systems 20.6 (2012), pp. 1130-1146, 2012.

H. A.G.a.D.K. Verma, ""A modified intuitionistic fuzzy c-means algorithm incorporating
hesitation degree."," Pattern Recognition Letters 122 (2019), pp. 45-52, 2019.

X. J. Y. a. J. X. Wan, ""Block-based similarity search on the Web using manifold-
ranking."," in Web Information Systems-WISE, 7th International Conference on Web
Information Systems Engineering, 2006.

NVIDIA, CUDA C++ Programming Guide, NVIDIA, Feb 28, 2023.

Nvidia, "http://davidespataro.it/pages/Dspataro-accelleratingSCIARAfv3.html," Nvidia.
[Online].

J. Tolke, " "Implementation of a Lattice Boltzmann kernel using the Compute Unified
Device Architecture developed by nVIDIA."," Computing and Visualization in Science
13.1(2010), vol. 13.1, 2010.

Y. e. a. Liu, " "Image retrieval using CNN and low-level feature fusion for crime scene
nn

investigation image database."," in Asia-Pacific Signal and Information Processing
Association Annual Summit and Conference (APSIPA ASC). IEEE, 2018., 2018.

https://scikit-learn.org/stable/auto _examples/manifold/, "https://scikit-
learn.org/stable/auto_examples/manifold/," [Online].

A. A. a. E. B. Vergani, ""A soft davies-bouldin separation measure."," in 20/8 IEEE
International Conference on Fuzzy Systems (FUZZ-IEEE). IEEE , 2018.

X.a. Y. X. Wang, " "An improved index for clustering validation based on Silhouette index

and Calinski-Harabasz index."," in IOP Conference Series: Materials Science and
Engineering. Vol. 569.,2019.

K. R. a. C. N. Shahapure, ""Cluster quality analysis using silhouette score."," in /EEE 7th
international conference on data science and advanced analytics (DSAA). IEEE, 2020.,
2020.

C. L. M. a. W. S. Hu, " "Fuzzy clustering validity for spatial data."," Geo-spatial
information science 11.3 (2008), vol. 11.3, pp. 191-196, 2008.

N. R. a. J. C. B. Pal, " "On cluster validity for the fuzzy c-means model.," /[EEE
Transactions on Fuzzy systems 3.3 (1995): 370-379., vol. 3.3, pp. 370-379, 1995.

S. X. B. a. Q. T. Bai, ""Scalable person re-identification on supervised smoothed
manifold."," in Proceedings of the IEEE Conference on Computer Vision and Pattern
Recognition. ,2017.

X.J.Y.a J. X. Wan, " "Towards a unified approach to document similarity search using
manifold-ranking of blocks."," Information Processing & Management 44.3 (2008): 1032-
1048., vol. 44.3, pp. 1032-1048, 2008.

122



[93] L. e. a. Shen, ""A novel local manifold-ranking based K-NN for modeling the regression

between bioactivity and molecular descriptors."," Chemometrics and Intelligent
Laboratory Systems 151 (2016): 71-77., vol. 151, pp. 71-77, 2016.

[94] M. e. a. Jian, " "Manifold ranking-based kernel propagation for saliency estimation."," in
2018 4th International Conference on Control, Automation and Robotics (ICCAR). IEEE,
2018.,2018.

[95] D.e.a. Tao, ""Manifold ranking-based matrix factorization for saliency detection."," IEEE
transactions on neural networks and learning systems 27.6 (2015).: 1122-1134., vol. 27.6,
no. IEEE, pp. 1122-1134, 2015.

[96] Q.J.L.a. Y.Y.Wang, ""Salient band selection for hyperspectral image classification via
manifold ranking.," /EEE transactions on neural networks and learning systems 27.6
(2016): 1279-1289., vol. 27.6, no. IEEE, pp. 1279-1289, 2016.

[97] R.e.a.Quan, ""Object co-segmentation via graph optimized-flexible manifold ranking.",
in Proceedings of the IEEE conference on computer vision and pattern recognition. 2016.,
2016.

[98] R.Y.Z.a. W.Z. He," "Fast manifold-ranking for content-based image retrieval."," 2009
ISECS International Colloquium on Computing, Communication, Control, and
Management. , vol. Vol.2, no. IEEE, 2009.

[99] Y. e. a. Fujiwara, ""Scaling manifold ranking based image retrieval."," in Proceedings of
the VLDB Endowment 8.4 (2014): 341-352.,2014.

[100] Y. H. X. G. Y. Z. a. N. Z. J. Wu, " "Heterogeneous Manifold Ranking for Image
Retrieval,"," in IEEE  Access, vol. 5, pp. 16871-16884, 2017, doi:
10.1109/ACCESS.2017.2740326., vol. Vol.5, no. IEEE, pp. 16871-16884, 2017.

[101]J. Lee, "Introduction to topological manifolds.", Springer Science & Business Media, Vol.
202.2010..

nn

[102] P. Hajtasz, ""Whitney’s example by way of Assouad’s embedding."," in Proceedings of
the American Mathematical Society 131.11 (2003): 3463-3467.,2003, 131.11 (2003).

[103] J. Tenenbaum, " "Mapping a manifold of perceptual observations."," Advances in neural
information processing systems 10, vol. 10 (1997), 1997.

[104] G. e. a. Carlsson, " "On the local behavior of spaces of natural images."," International
journal of computer vision 76 (2008): 1-12., vol. 76, pp. 1-12, 2008.

[105] C. S. M. a. H. N. Fefferman, ""Testing the manifold hypothesis."," Journal of the American
Mathematical Society, vol. 29.4, pp. 983-1049., 2016.

[106] A. Q. J. &. C. G. (. Mahdi, ""DeepFeat: A bottom-up and top-down saliency model based
on deep features of convolutional neural networks".," IEEE Transactions on Cognitive and
Developmental Systems, 12(1),, vol. 12(1), no. IEEE, pp. 54-63, 2019.

[107] Y. W. H. S. S. &. B. B. Li, ""Integrating multiple deep learning models to classify disaster
scene videos".," in In 2020 IEEE High Performance Extreme Computing Conference.,
(2020, June). .

[108]F.Q.Z.D.K. X.D.Z.Y.Z. H. .. & H. Q. (. Zhuang, ""A comprehensive survey on transfer
learning".," in Proceedings of the IEEE, 109(1), 43-76.,2020.

[109]J. M. O. V. A. &. C. V. (. Lin, "" Deep Learning-Based Descriptors for Object Instance
Search".," Deep Learning in Object Detection and Recognition, , pp. 189-224, 2019.

123



[110] V. D. S. a. J. L. J Tenenbaum, ""A global geometric framework for nonlinear
dimensionality reduction."," science, 2000. 290(5500), pp. p. 2319-2323, 2020.

nn

[111] X. F. H. a. a. P. Niyogi, ""Locality preserving projections"," in Proc. Advances in Neural
Information Processing Systems, 2003: p. p 153-160., 2003.

[112] M. C. e. a. Cieslak, ""t-Distributed Stochastic Neighbor Embedding (t-SNE): A tool for
eco-physiological transcriptomic analysis."," Marine genomics 51 (2020): 100723., vol.
Vol.51, 2020.

[113] W. C. M. a. K. L. Dong, ""Efficient k-nearest neighbor graph construction for generic

similarity measures."," in Proceedings of the 20th international conference on World wide
web. , 2011.

[114] T. e. a. Zhou, " "Robust visual tracking via efficient manifold ranking with low-
dimensional compressive features."," Pattern Recognition 48.8 (2015).: , vol. 48.8, pp.
2459-2473., 2015.

[115]J. C.R.E. a. W. F. Bezdek, ""FCM: The fuzzy c-means clustering algorithm."," Computers
& geosciences 10.2-3 (1984), Vols. 10.2-3, pp. 191-203., 1984.

[116]J. C. Dunn, "A fuzzy relative of the ISODATA process and its use in detecting compact
well-separated clusters., 1973.

[117]J. e. a. He, ""Generalized manifold-ranking-based image retrieval."," IEEE Transactions
on image processing 15.10 (2006), vol. 15.10, no. IEEE, pp. 3170-3177., 2006.

[118] K. T. S. U. a. A. I. Ahmed, " "Content based image retrieval using image features
information fusion."," Information Fusion 51 (2019): 76-99., vol. 51, pp. 76-99, 2019.

[119] A. e. a. Iscen, ""Efficient diffusion on region manifolds: Recovering small objects with
compact cnn representations.”," in Proceedings of the IEEE conference on computer vision
and pattern recognition. , 2017.

[120] F. e. a. Yang, ""Efficient image retrieval via decoupling diffusion into online and offline

processing."," in Proceedings of the AAAI conference on artificial intelligence. Vol. 33. No.
01.2019.,2019.

[121]J. M. D. a. H. J. Johnson, ""Billion-scale similarity search with gpus."," IEEE Transactions
on Big Data 7.3 (2019):, vol. 7.3, no. IEEE, pp. 535-547., 2019.

[122] Van Quy, H, Dzung, P.T.K, Huy, N.H and Van Huy, T, "Improved EfficientNet Network
for Efficient Manifold Ranking-Based Image Retrieval," in Lecture Notes in Networks and
Systems, Ha Noi, Viet Nam, Springer, Singapore, 2023.

[123] Bac Nguyen, Francesc J. Ferri, Carlos Morell and Bernard De Baets, "An efficient method
for clustered multi-metric learning," Information Sciences, vol. 471, pp. 149-163, 2019.

[124] Bac Nguyen, Carlos Morell and Bernard De Baets, "Supervised distance metric learning
through maximization of the Jeffrey divergence," Pattern Recognition, vol. 64, pp. 215-
225,2017.

[125] Jacob Goldberger, Sam T. Roweis, Geoffrey E. Hinton and Ruslan Salakhutdinov,
"Neighbourhood Components Analysis," in Neural Information Processing Systems, 2004.

[126] Bingjie Zhao and Xue-qing Li, "Course Similarity Calculation Using Efficient Manifold
Ranking," in Knowledge Science, Engineering and Management, Springer, Cham, 2015.

[127] Bingjie Zhao and Xue-qing Li, "Course Similarity Calculation Using Efficient Manifold
Ranking," in Knowledge Science, Engineering and Management. KSEM 2015. Lecture

124



Notes in Computer Science, Springer, Cham. https://doi.org/10.1007/978-3-319-25159-
2 38,2015.

[128] Quy Van Hoang, Ngo Huy Hoang, Dzung Thi Kim Pham, Tuyet Dao Van, Trong Le Van,
Sergey Ablameyko and Xuan Pham Hong, "Efficient content-based image retrieval based
on anchor point selection in manifold ranking with combined CNN and low-level features,"
Nonlinear Phenomena in Complex Systems, vol. Vol.26, no. No.4, pp. 366-384, 2023.

[129] Mahmut KAYA and Hasan Sakir BILGE, "Deep Metric Learning: A Survey," Symmetry,
2019.

[130] Z. Ming, J. Chazalon, M. M. Lugman, M. Visani and J. -C. Burie, "Simple Triplet Loss
Based on Intra/Inter-Class Metric Learning for Face Verification," in 2017 IEEE
International Conference on Computer Vision Workshops (ICCVW), Venice, Italy, 2017,
pp- 1656-1664, doi: 10.1109/ICCVW.2017.194., 2017.

[131]J. Hu,J. Luand Y. -P. Tan, "Discriminative Deep Metric Learning for Face Verification in
the Wild," in 2014 IEEE Conference on Computer Vision and Pattern Recognition,
Columbus, OH, USA, 2014, pp. 1875-1882, doi: 10.1109/CVPR.2014.242., 2014.

[132] Florian Schrof, Dmitry Kalenichenko and James Philbin, "FaceNet: A Unified Embedding
for Face Recognition and Clustering," in /[EEE Computer Society Conference on Computer
Vision and Pattern Recognition 2015, 2015.

[133] Dey, Sounak, Dutta, Anjan, Toledo, J. & Ghosh, Suman & Lladés and Josep & Pal,
Umapada, "SigNet: Convolutional Siamese Network for Writer Independent Offline
Signature Verification," in arxiv, 2017.

[134] Jing Wei Tan and Won-Ki Jeong, "Histopathology Image Classification using Deep
Manifold Contrastive Learning," p. https://arxiv.org/abs/2306.14459, 2023.

[135]e. a. Wang Meng, "Scalable semi-supervised learning by efficient anchor graph
regularization.," IEEE Transactions on Knowledge and Data Engineering., vol. 28.7, no.
IEEE, pp. 1864-1877, 2016.

[136] F. N. a. W. Y. Wang Rong, "Fast spectral clustering with anchor graph for large
hyperspectral images.," IEEE Geoscience and Remote Sensing Letters, Vols. 14.11 (2017):
2003-2007.,2017.

[137]J. H.a. S.-F. C. Wei Liu, "Large graph construction for scalable semi-supervised learning.,"
in Proceedings of the 27th international conference on machine learning (ICML-10).,
2010.
[138] Raju, U. S. N., Suresh Kumar, K., Haran, P., Boppana, R. S., & Kumar, N. (2020). Content-
based image retrieval using local texture features in distributed environment. International
Journal of Wavelets, Multiresolution and Information Processing, 18(01), 1941001.

[139] Oren Rippel, Manohar Paluri, Piotr Dollar, and Lubomir D. Bourdev.Metric learning with
adaptive  density discrimination.In 4th  International  Conference on  Learning
Representations, ICLR 2016, San Juan, Puerto Rico, May 2-4, 2016, Conference Track
Proceedings, 2016.

[140] Hoffer, E., Ailon, N. (2015). Deep Metric Learning Using Triplet Network. In: Feragen, A.,
Pelillo, M., Loog, M. (eds) Similarity-Based Pattern Recognition. SIMBAD 2015. Lecture
Notes in Computer Science(), vol 9370. Springer, Cham. https://doi.org/10.1007/978-3-319-
24261-3 7

125



[141] Al-Mohamade A, Bchir O, Ben Ismail MM, “Multiple Query Content-Based Image
Retrieval Using Relevance Feature Weight Learning”. J Imaging. 2020 Jan 17;6(1):2. doi:
10.3390/jimaging6010002. PMID: 3446064 1; PMCID: PMC8321011.

[142] Simily Joseph, Kannan Balakrishnan, “Multi-Query Content Based Image Retrieval
System using Local Binary Patterns”. International Journal of Computer Applications. 17, 7
(March 2011), 1-5. DOI=10.5120/2235-2857

[143] Ji Yang, Bin Xu, Binbin Lin, Xiaofei He, “Multi-Query Parallel Field Ranking for image
retrieval”, Neurocomputing, Volume 135, 2014,Pages 192-202.

[144] Hsiao, Ko-Jen, Jeff Calder and Alfred O. Hero. “Pareto-Depth for Multiple-Query Image
Retrieval.” IEEE Transactions on Image Processing 24 (2014): 583-594.

[145] https://libguides.library.kent.edu/SPSS/PearsonCorr
[146] http://www.cad.zju.edu.cn/home/dengcai/Data/Examples.html#EMR

[147] A. Mahdi, J. Qin and G. Crosby, "DeepFeat: A Bottom-Up and Top-Down Saliency
Model Based on Deep Features of Convolutional Neural Networks," in IEEE Transactions on
Cognitive and Developmental Systems, vol. 12, no. 1, pp. 54-63, March 2020, doi:
10.1109/TCDS.2019.2894561.

[148] https://blog.mlreview.com/how-to-apply-distance-metric-learning-for-street-to-shop-
problem-d21247723d2a

[149] G. Salomon, A. Britto, R. H. Vareto, W. R. Schwartz and D. Menotti, "Open-set Face
Recognition for Small Galleries Using Siamese Networks," 2020 International Conference on
Systems, Signals and Image Processing (IWSSIP), Niteroi, Brazil, 2020, pp. 161-166, doi:
10.1109/TWSSIP48289.2020.9145245.

126



Phuluc1

Bang gidi thich cac n¢i dung néu trong hinh 0.1

Noi dung Giai thich

(1.1) bac - Trich rat nhanh

trung mic | - Mo ta thong tin dia phuong

thap - Bat biét véi kich thudc anh.
- Mot s6 dic trung bat bién v6i phép xoay anh, vi du SIFT
(Scale-Invariant Feature Transform).

(1.2) bac - Tbc d6 trich rat anh phu thudc vao do phirc tap ciia mang

trung muc | CNN.

cao CNN - Phy thudc vao kich thudc ctia anh (anh thuong duoc chuin

trich xuat tur
cadc mang

huan luyén

hoa vé kich thudc ¢ dinh).

- D0 phan biét anh cao hon dic trung muc thap, khong phu
thudc nhiéu vao chat luong anh(do nhiéu, do sang anh...).
ResNet giai quyét van dé bién mat gradient, thuong yéu cau
anh dau vao c6 kich thude ¢ dinh (nhu 224x224) va vector
dau ra 12 mot biéu dién dic trung c6 chiéu dai cb dinh, thudong
12 2048 (nhu ResNet-50) trudc 10p phéan loai cudi cung; anh
mau 3 kénh thuong cung cap thong tin mau sic phong pha hon
so v6i anh xam 1 kénh, c6 thé dan dén dic trung mo ta tot hon.
Mang VGG (VGG16, VGG19): chuin hoéa anh dau vao vé
224x224, va cung cap vector dic trung dau ra day dic véi 4096
phan tr trudce 16p phan loai.

EfficientNet(EfficientNet-B0, EfficientNetB7...) duoc thiét
ké dé co kich thudc dau vao 1a 224x224, vector dic trung tir

16p trude 16p phan loai véi 1280 chiéu véi EfficientNet-BO0.
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(1.3) Fine-

tuning

Str dung mang EfficentNET B0 cit bo 16p cudi cung thu duoc
moO hinh mang va cho hoc qua cac tdp anh nhu Leaf30,

Corel30K dé thu duogc b vector dic trung CNN.

(1.4) Chuan

Chuan hoa vector dac trung dé cac thanh phan vector roi vao

hoa cac cung mot khoang [a, b] gitip cin bing déng gbp cua mdi dic
thanh phan | trung vao qua trinh phan loai hodc truy véan (diéu chinh ty 18
vector dic | cua cac thanh phan dé ching ndm trong cing mot pham vi gia
trung tri).

(1.4.1) Chuan héa min, max 14 quy trinh diéu chinh céc gi tri vector
Chuan héa | dic trung vé cting mot khoang gia tri 1a [0,1].

min, max Tinh chit:

100% sb luong ciia cac phan tir sau khi chuan hoa roi vao [0,1].
Bao toan thir tir (so sanh) cua cic phan tir sau khi chuan hoa.
Cong thuc:

fij — mE_iin{Ei,]-}

min —max: f; = {f;;} » §{f}. £/, = : V]
! Y PR mE_eilx{Ei‘]-} — mE_lin{Ei,]-}

= 1,dim(f;)

Han ché ciia chuin héa min-max:

- Pham vi gia tri nho: Cac sd trong diy c6 thé rat gan nhau so
v6i pham vi gitta gia tri nhé nhat va 16n nhat. Didu nay c6
nghia 13 phan phéi cua dit liéu khong c6 sy phan tan 16n, dan
dén viéc sau chuan héa, chung khong chiém rong 16n trong
khoang [0, 1].

- Ngoai 1¢ (Outliers): Néu c6 it nhat mét gia tri ngoai 1€

(outlier) rat 16n hodc rat nho so véi phan con lai cua dir ligu,
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tat ca cac gia tri khac, khong phai 1a ngoai 1€, s€ bi nén lai gﬁn
nhau sau khi chuan hoa.

Vi du chuan hoéa min-max diy {5, 6, 7, 8, 9, 10, 11, 12, 13,
100}

thu dugc day{0.00000, 0.01053, 0.02105, 0.03158, 0.04211,
0.05263, 0.06316, 0.07368, 0.08421, 1.00000}.

(1.4.2)
Chuan héa
theo phan

bo Gauss

- Chuén hoa Ko (K=1,2,3...), suy tur chuan hoa z-score,chuin
hoa nay dac biét hiru ich trong cac truong hop dir li¢u tudn theo
phan phdi chuan (Gaussian).

K=1: Khoang 68% dir liéu nam trong pham vi +1.

K=2: Khoang 95% dit liéu ndm trong pham vi £1.

K=3: Khoang 99.7% dit liéu nam trong pham vi 1.

Do d6, khi 4p dung chuan hoéa 3o, "hau hét" dir liéu s& nam
giita -1 va +1 sau khi chuan hoa, va chi c6 khoang 0.3% dix
liéu 13 ngoai 1é ndm ngoai khoang nay.

Tinh chit:

“Hau hét” cac phan tir sau khi chudn hoa roi vao [-1,1] khi cac
thanh phan tuan theo phan bd Gauss.

Bao toan thir tir (so sanh) cta cic phan tir sau khi chuan hoa.
Vi du chuén hoa 36 day {5,6,7,8,9,10, 11, 12, 13, 100}
Gia sir gid tri trung binh va do 1éch chuin p=18.1, 6=28.9 (tinh
tur day 10 s6 trén, thay cho viéc tinh trén toan b0 CSDL gia tri
thanh phﬁn) thu duoc day{-0.15, -0.14, -0.1267, -0.1167, -
0.1033, -0.0933, -0.08, -0.07, -0.06, 0.9433}.
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3.1.1) Do

do tuong tu

b6 do tuong nhan manh viéc tich hop nhiéu dic trung tu dir
liéu anh va ciu tric da tap dé ting cuong chét luvgng cua két
qua tim kiém anh dua trén noi dung (CBIR). Phuwong phap
xép hang da tap dugc str dung dé thuc day viéc xép hang va
truy van, trong khi thong tin phan hoi tir nguoi dung giup
tinh chinh va ca nhan hoa két qua tim kiém. Muc tiéu chung
1a toi wu héa d6 chinh xac va hiéu suit cua hé théng CBIR,
dam bao két qua tim kiém phan anh chinh xac va dap tng
yéu cau cia ngudi dung.

- Tich hop nhiéu dic trung anh va ciu trac da tap dé cai
thién CBIR.

- Str dung xép hang da tap cho viéc xép hang va truy van
tdi wu.( MR, AGR, EMR, EMR-3sigma-OPT)

- Tich hop phan hoi ngudi dung dé ca nhan hoa két qua tim
kiém.

- Muyc tiéu cai thién do chinh x4c va hiéu suét cta hé théng
tim kiém.

- Pam bao két qua tim kiém phan anh dung nhu cau va so
thich nguoi dung.

- Céc thuat toan vé d6 do turong tu duoc st dung dé xac dinh
murc d6 giéng nhau giita cac d6i tuong trong nhiéu linh vyc
khac nhau, bao gé)m nhan dang mau, truy van anh dya trén
ndi dung (CBIR), hé thdng khuyén nghi va nhiéu tmg dung
khac vi du:

Khoang cach Euclidean: Do khoang cach "thang" gitta hai

diém trong khong gian nhiéu chiéu.
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Cosine Similarity: Po d0 tuong tu gitra hai vecto dya trén
goc gitra chung, thuong dugc sir dung trong xur 1y ngdn ngix
ty nhién va truy van thong tin.

Khoang cach Manhattan (Taxicab or L1 norm): Po tong cac
khoang cach theo chiéu thang dimg va ngang gitra hai diém.
Khoang cach Jaccard: Do do tuong tu gitra cac tap hop dua
trén sd luong phan tr giao nhau va hop nhau ctia ching.
Khoang cach Hamming: Po s bit khac nhau giita hai chudi
nhi phan, thuong dugc st dung trong linh vire thong tin sé.
Khodang cidch Mahalanobis: Tinh khoang céach gilta mot
diém va mot phan phdi, tinh dén sy twong quan giita céc

bién va quy mé don vi cua khong gian dic trung.

(3.1.1.1) - Xay dung mot do thi co trong sb cho toan bd tap dir ligu,
Xép hang tao ra méi lién hé giita cac diém dir lidu.
da tap - Gan mot gia tri xép hang ban dau cho diém truy van.
- Céc diém lién két lan truyén gia tri xép hang qua canh cta
dd thi.
- Qua trinh 13p cho t61 khi hoi tu.
- Piém c6 gia tri xép hang cao nhat s& 1a diém twong tu nhat
v6i diém truy van. ....
Trong d6 c6 cac thudt toan xép hang da tap: MR, AGR,
EMR ,EMR-3sigma-OPT.
(3.1.1.1d) | EMR (Efficient Manifold Ranking) 13 mot phién ban cai tién
Xép hang ctia thuat toan xép hang da tap MR.
da tap EMR | - Str dung khai niém diém neo thay vi cac diém dir liéu dé xay

dung b thi, giam phurc tap.Tim cac diém neo bang phuong
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phap K-means, giam chi phi xdy dung. Ap dung MR trén d6
thi diém neo thay vi toan bd dit liéu.Tang téc qua trinh lan
truyén xép hang bang cach 1am viéc trén do thi diém neo. Ap
dung trong CBIR hiéu qua do giam do phtrc tap va tinh toan
nhanh hon MR.

U'u diém: Giam d6 phure tap bang cach sir dung diém neo thay
vi toan bo dit liéu. Tinh to4n nhanh hon thuét toan MR ban dau
do quy mé db thi nho hon.Khong yéu cau biét trudce sb luong
cum cua dir liéu.

Han ché: Két qua phu thudc vao chit luong ciia diém neo do
K-means.Chi phi tinh toan ban dau dé tim ra cac diém neo.

Khéng xir 1y duge dit liéu bién d6i, thay d6i theo thoi gian.

(3.1.1.2) - B9 do Cosine tuong tu (Cosine similarity): Po d tuong tu
D0 do Toan | gitra hai vecto dua trén goc gitta chung. Pay 1a mot do do
hoc (d0 do | thuong dugc st dung trong xtr 1y ngoén ngit tu nhién va truy
Cosine...) van thong tin.
Cong thuc:
Cosine similarity(A, B)=A - B/ ||A]| ||B||
Trong do A va B 1a hai vecto.
- P6 do Mahalanobis tinh khoang cach gitra mot diém va mot
phan phdi, tinh dén su tuong quan giita cac bién va quy mo
don vi cua khong gian déc trung.
3.1.2) b6 |- B do khoang céach 1a thuéc do mirc d0 khac biét hay
do khoang | twong dong gitta hai ddi tuong.
cach - C6 nhiéu loai do do khoang cach khac nhau phu thudc vao

ban chét dix liéu.
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- Mot s6 do do thong dung: Euclide, Manhattan,
Mahalanobis, Cosine,...

- Do do phai dap Gmg cac tiéu chuan cua khoang cach.

- C6 thé str dung trong nhiéu linh vuc nhu hoc may, xur 1y
anh,...

- La cong cu do danh gia do tuong tu giita cac d6i tuong.

- Cén lya chon d6 do phu hop vd1 ban chat dir liéu.

- C6 thé két hop nhiéu d6 do khac nhau.

- Can chuan héa dir liéu trude khi tinh toan khoang cach.

- C6 thé hoc trong s6 cho mdi thanh phﬁn dé cai thién chét

lugng.

(3.1.2.1) bo
do toan hoc

Euclid

- b6 do khoang cach Euclid (Euclidean distance) do khodng
cach "thang" giita hai diém trong khong gian nhiéu chiéu.
bay 1a mdt do do can bac hai.

Cong thire tinh:

D(x,y) = YK, 1% — yil (k 12 s6 block)

- D6 do Euclid duoc sir dung dé tinh toan khoang cach gitta
hai vector dac trung ¢ tung b0 dac trung riéng 1é trong
CBIR.

- Ngoai ra, d6 do nay con duoc ap dung cho nhiéu bai toan

khéac nhu tim kiém lang giéng gan nhat, phan cum...

(3.12.2) Do

do duoc hoc

- Do do tu hoc dua ra kha nang ty dong hoa viéc hoc cac tiéu
chi danh gia khoang céach gitra cdc mau dir 1i€u, cai thién lién

tuc dua trén thong tin tur dit liéu huén luyén.
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- Thay vi st dung céac do do ¢ dinh, hé théng st dung do do
tur hoc dé thich Gmg va tinh chinh minh qua qué trinh phan tich
dir liéu va nhan phan hoi.

- Tinh linh hoat cao ctia @6 do tu hoc cho phép no thich Ung
v6i dic diém dic thu cua dir liéu, cai thién dang ké chat luong
ctia nhiéu tac vu phan tich dir liéu khac nhau.

- Kha ning hoc lién tuc va tich hop phan hdi méi gitp d6 do
tu hoc khong ngimg cai tién, mang lai kha ning ca nhan hoa
theo yéu cau ngudi dung hoidc dic trung cua tac vu cu thé.

- D6 do tu hoc giam bot nhu cAu can thi¢p thu cong, tang hi¢u
qua tinh toan va hd tro giai quyét cac thach thire nhu dit liéu
khéng can xtmg, déng gop vao su phat trién cua hé thdng hoc
may tu dong va thong minh.

- LMNN: tdi vu héa khoang cach Mahalanobis trong khong
gian dic trung dé md rong bién gitta cac 16p, giup k-NN phan
loai chinh xac hon, giam qua khdp va cai thién tong quat hoa
thong qua ham muc ti€u dac biét, thich hop cho dir li¢u da dang
va phtc tap.

(a) NCA: 13 thuat toan hoc c¢6 giam sat nham t6i wu hoa mot
metric khoang cach, thudng 13 Mahalanobis, dé ting cudng
hiéu suat phan loai cia k-NN bang cach diéu chinh khong
gian dic trung sao cho cac diém cing 16p gan nhau hon va
cac diém khac 16p xa nhau hon, ddng thoi tich hop kha ning
tu chon loc dac trung quan trong va giam kich thudce dir li¢u
mot cach hi€¢u qua, nang cao phan loai mém dya trén x4c suét
cua hang x6m, va ap dung linh hoat cho nhiéu loai dit lidu va
tac vu tur phan loai hinh anh dén phan tich cam xtc.
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(b) b6 do CMML Hoc d6 do theo nhém phan cum (CMML
- Clustered Multi-Metric Learning) 1a mot phuong phap hié¢u
qua dé giai quyét bai toan dit liéu phan bd khong dong déu.
Co sd ¥ tudng cia CMML bao gdm:
- Chia dir liéu huén luyén thanh cac nhom (cluster) khong giao
nhau béng k-means. Mdi nhom sé& dai dién cho mot ving cua
khong gian tinh nang.
- Hoc mot ma tran khoang cach riéng cho mdi nhom dua trén
cac rang budc triplet trong nhom do.

- Hoc thém mdt ma tran khodng cach toan cuc dé khién
cdc ma tran cuc by khac nhau cang gén v&1 ma trén nay... Bén
canh d6, mgt ky thuat diéu chinh toan cuc dugc ap dung nham
bao toan cac dac tinh chung cua cac cum trong khong gian
metric da duoc hoc.

Triplet loss dugc st dung nhu mdt ham mat mat dé hoc
cac ma tran khoang cach trong CMML. Cu thé:

MBJi rang budc triplet bao gébm 3 diém: diém tim x;, diém
dwong x; cling 16p véi xi va diém am x; khac 16p véi x;. Muc
tiéu 1a hoc ma tran khoang cach sao cho khoang cach tir x; dén
xj nhé hon khoang cach tur x; dén x, v6i khoang cach bién 1.

Day chinh 1a ham mat mat Triplet loss can tdi thiéu hoa
trong qué trinh hoc CMML. Viéc lya chon céac rang budc triplet
hop ly gitp CMML hoc dugc cac ma tran khodng cach phan
biét tét gitra cac 16p.

Phuong phap CMML da duoc chimg minh la tang cudong
tinh linh hoat va hiéu qua khi ap dung hoc nhiéu khoang céch
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dugc hoc trong cac trng dung cua hoc may va khai thac dir liéu.
K¥ thuat nay da duoc ing dung thanh cong trong vi¢c xur ly dir
liéu da dang, va di c6 nhitng tng dung hiéu qué trong nhiéu
linh vuc nhu thi gidc may tinh va xtr ly ngdn ngir tu nhién.
Phuong phap CMML da dugc nhom nghién ctru Bac Nguyen,

va cong su dé xuét [56].
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