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1
MO PAU
1. Tinh cap thiét cia dé tai

Vai sy phét trién cia cdng nghé Internet va sy pho bién cia céc thiét bi ky thuat so,
viéc chup anh hogc trich Xuat dbi tueong trong anh ma chung ta quan tam da tr¢ nén dé dang
va tién loi. Thuc té 1a sé lugng anh dugc tao ra hang ngay trong cudc SOng cua chdng ta la
rat 16n. Cac co so dit liéu hinh anh nay dwoc st dung dé cai thién hiéu suat xu ly thong tin
trong céac wng dung théng minh, phuc vu cho nghién ciu va cudc séng hang ngay.

K§ thuat tra cru anh dya vao noi dung (CBIR) di duoc phat trién dé tim kiém cac hinh
anh ¢ lién quan tir co s6 dir liéu dya trén d6i teong hodc noi dung cua hinh anh dau vao.
bay 1a mot bai toan dugc ap dung rong rai trong linh vyc thi giac may tinh va mang lai hi¢u
qua kinh té trong nhiéu tng dung, chang han nhu: tim kiém khuén mat, van tay, hinh anh 'y
té, k§ thuat hinh sy, thuong mai dién tir va nhiéu ang dung khéc.

Han ché cia cac phwong phap xép hang da tap hién tai khi 4p dung cho bai toan tra
ctru anh dya trén ndi dung:

i. Viéc xay dung d6 thi cua cac diém dix liéu dua vao dd thi K-NN 1a khong kha thi véi
dir liéu quy mo lon [15].

ii. Chua khai thac tot tinh da biéu dién cia anh bang nhiéu bo dic trung. Khi két hop
nhiéu bo dic trung, chiéu vector biéu dién anh c6 thé rat cao din dén khé khan trong tinh
toan khoang cach va xac dinh diém neo (nhu trong EMR, SSG).

iii. Lya chon cac diém neo chat lugng bang céc thuat toan phan cum dua trén tam (nhu
Fuzzy C-Means, phan cum Gaussian Mixture Model) trén cac tap dix liéu I6n co sb chiéu
vector cao rat kho khan, trong khi phan cum K-means thi khong biéu dién dugc truong hop
mot vector déc trung co nhiéu hon mot diém neo dai dién no.

iv. Khong két hop duoc véi thuat toan 1an can xap xi (ANN) dé giam viéc tinh toan
truc tiép tat ca cac khoang cach giira co so dit liéu vector dic trung anh va tap cac diém neo
dai dién. Khi két hop vai ki thuat ANN, viéc thay thé phan cum K-means béi cac thuat toan
phan cum dya trén xac dinh tdm cum nhu FCM méi tré nén kha thi trong qua trinh ngoai
tuyén (offline) xay dung cic do thi quan hé ké.

Trong luan &n nay, thuat ngir “xép hang da tap” la k¥ thuét Xép hang nham kham pha
cau trdc phi tuyén tinh cua dir liéu da tap va duogc hiéu 1a phuong phap x&p hang cac diém
trong CSDL theo thir ty c6 lién quan véi diém dix liéu truy van duoc ap dung trén tap co so
dir lidu da tap.

Dé giai quyét cac han ché cua xép hang da tap trong tra cttu anh dwa vao néi dung,
luan an chon dé tai: Nghién ci#u cdi tién thugt toan xép hang da tap trong tra cieu dnh.

2. Muc tiéu caa luan éan

Muc tiéu chung cia luan an: Nang cao d6 chinh xac cua tra ciru anh duwa trén cai tién
thuat toan xép hang da tap.

Muc tiéu cu thé caa luan an:

Dé xuét duoc mot sd giai phap nang cao do chinh xac tra ciru anh theo tiép can xép
hang da tap bao gom:

- Nghién ciru cai tién noi tai caa thuat toan xép hang da tap hiéu qua EMR véi phuong
phap chon diém neo méi.

- Két hop dic trung muc thip va dic trung muc cao trong biéu dién anh dé nang cao
do6 chinh xac trong tra ctu anh.

3. Péi twong nghién ciru cia luan an

- Cé4c phuong phap hién tai vé Tra ctru anh dya vao ndi dung.

- Phuong phap Xep hang da tap trong tra cru anh dua vao noi dung, cac ky thuat va
nhitng thach thac trong xép hang da tap.
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- C4c k§ thuat biéu dién anh voi dic trung muc thap, dic trung CNN va két hop dic
trung mac thap va dic trung CNN (dic trung anh duoc trich rt tir mang hoc sau).

- K§ thuat 1ap trinh song song cho phan cum FCM cai tién va xép hang da tap trén
tap dit liéu 16n c6 sd chiéu rat cao.

- Moi truong thuc nghiém, tap dix liéu anh thyc nghiém va phuong phap danh gia do
chinh xac.
4. Pham vi nghién ciru

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

- Nghién ctru thuat toan xép hang da tap hiéu qua trong tra ctru anh.

- Nghién ctru phuong phép cai tién thuat toan xép hang da tap hiéu qua (EMR) théng
qua viéc tim diém neo bang thuat todn phan cum mo FCM cai tién.

- Nghién ctu trich rat dic trung anh tir mang CNN tién huan luyén, két hop dic trung
muc thap va dic trung CNN trong biéu din anh vai sé chiéu rat cao.

- Trong pham vi ctia luan an chi tap trung nang cao chat luong tra ctiu vé do chinh xac, cac van
dé vé thoi gian cho mot truy van ciing dugc xem xét & khia canh cd thé chap nhan dugc.

5. Cac dong gop cia luan an

Véi muc tiéu nang cao d6 chinh xéac cia viéc tra cau anh bang phuong phap xép hang
da tap, luan an dat dugc hai dong gop chinh:

Tha nhat, cai tién thuat toan xép hang da tap EMR béng cach st dung thuat toan phan
cum mo Ivdc-FCM dé tim diém neo. Trén co sé do, dé xuat thuat toan EMR-(lvdc-FCM) ap
dung hiéu qua trong CBIR [CT1, CT2, CT4].

Tht hai, nang cao hiéu qua tra cau anh bang phuong phap két hop déc trung cap thap
Vva Ccap cao trich xuat tir mang CNN. Chi tiét dong gop bao gom: (i) Pé xuat phuong phap
tinh chinh mang CNN dé trich rdt dic trung truéc khi két hop vai dac trung mac thap; (ii)
Dé xuat thuat todn HD-EMR dua trén cac diém neo udc luong bang FCM cai tién két hop
ANN (thuat todan LDM-FCM) dé tra cttu anh khéng can sir dung cac phuong phap giam
chiéu dir liéu [CT3, CT5, CT86].

Ngoai ra, luan an con dua ra bd d& mai vé tinh tong quat cua dit lidu da tap trén céc tap
hitu han vector, cung cap co sd ly luan cho tng dung xép hang da tap trong tra ctzu anh theo
noi dung. Trong qué trinh nghién ctu, luan an dé xuat sir dung kién tric GPU dé thuc hién
hiéu qua thuat toan phan cum LDM-FCM.

6. B cuc cia luan an

Luén an duoc té chirc thanh ba chuong:

Chuong 1: Tra ctru anh dya vao ndi dung va xép hang da tap trong CBIR.

Chuong 2: Nang cao d6 chinh xac tra ciu anh véi xép hang da tap cal tién.

Chuong 3: Nang cao hiéu qua tra ciu anh st dung diic trung két hop muc thap va muc cao

Cubi cting, luan an dua ra mot s6 dé xuat va dinh hudng nghién ciru trong tuong lai.
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Chuong 1
TRA CUU ANH DUA VAO NQI DUNG VA XEP HANG PA TAP TRONG CBIR

1.1. Giéi thiéu vé tra ciru anh dwa vao néi dung

Tra ctu anh dua vao noi dung (CBIR) [31] thu hat rat nhiéu sy chd y tir cac nha
nghién ctru va dugc st dung nhiéu trong céng nghiép, thuong mai trong nhitg nim qua do
nhiéu @ng dung hiru ich cua nd. Céc thuit todn tra ctu anh thuong xay dung cac do do
tuong tw t0dn cuc giita cac vector dic trung biéu dién ddi twong anh ddi sanh vai toan bo
vector ddc trung trong CSDL.
1.2. Biéu dién anh bang vector dic trung
1.2.1. Dic trung mirc thdp cia dnh

Trong chwong nay luan an trinh bay tong quan vé cac dic trung muc thap duoc st
dung trong CBIR ndi chung nhu: Pic trung mau sic; Pic trung két cdu; Pic trung hinh
dang.
1.2.2. Ddc trung murc cao cua dnh

Pic trung CNN: La dic trung duoc trich rdt & tang cudi (trude ting phan 16p) cua
mang CNN.

Tién huén luyén trén ImageNet
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Hinh 1.5. M6 hinh trich rut dac trung anh bang mé hinh hec sau [53]

Hinh 1.5 13 md hinh thuat todn biéu dién dic trung anh duogc trich rat dwa vao mang
hoc sau CNN tién huan luyén thu duoc tap dic trung mac cao cua anh.
1.3. Dir liéu da tap
1.3.1. Céac khai ni¢m da tap

Khéi niém da tap duoc hiéu nhu sau [55, 56]: Mot da tap topd n chiéu 13 mot khéng
gian tdpd ma mdi diém co l1an can dong phoi véi tap con mé cua R" | néi mot cach khac, la
khong gian topd tach dugc vai mdi diém cua nd c6 mot 1an can dong phéi véi mot tap mo
trong khong gian Euclide n chiéu. Nhu vay c6 thé hiéu: Pa tap chinh Ia khéi niém toan hoc
mao rong cua duong va mat.

MS phdng d pu Swiss-roll M3 phdag O by Mocn

Dai Mobius la mot Cudn gidy Thuy Si (Swiss- 2-moon la da tap
da tap hai chiéu roll) 1a da tap 2 chiéu 2 chieu
Hinh 1.6. M6 phéng cac khong gian da tap [56]


https://vi.wikipedia.org/wiki/T%C3%B4_p%C3%B4
https://vi.wikipedia.org/wiki/Chi%E1%BB%81u
https://vi.wikipedia.org/wiki/L%C3%A2n_c%E1%BA%ADn

1.3.2. Dit ligu da tap

Céc hinh anh "c6 ¥ nghia" thudng tao thanh mot da tap trong khong gian cua tat ca céc
hinh anh: Nhiing hinh anh nay khéng phan b mét cach ngau nhién trong khong gian da
chiéu ma thay vao d6, chiing tao thanh mot cau trac duoc goi la da tap.
1.4. Xép hang da tap

Rat nhiéu dir liéu thuc té duoc biéu din mot cach phu hop trong khéng gian cau tric
da tap cuc bo hon 1a trong nhirng khéng gian khéac. Hinh 1.9(a) biéu dién tap hop cac diém
mau dir liéu phan bd theo cau tric 2-moon.
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Hinh 1.9. Mé ta xép hang trén tap dix liéu 2-Moon
1.4.1. Xép hang da tap co ban
1.4.2. Xép hang da tap higu qua
1.5. Tra citu anh véi xép hang da tap
Tra ctiru dung thuat toan MR trong CBIR:

r@O=aSre-D+A-afy]

»a ma tran thwa two
S=D"*wD™"?

Hinh 1.12. Qua trinh tra ciru trong MR véi @6 thi K-NN
1.6. P9 do twong twr va tim kiém xap xi lang giéng gan nhat
1.6.1. D¢ do twong tw
M6t s6 cong thire tinh d6 khoang cach hay dwoc sir dung trong CBIR dwoc mo ta nhu
bang sau:

Bang 1.2. Mt s6 d do khoang cach va cong thiic

b do Cong thuc tinh
Manhattan (Taxicab/City Block) d(x,y) = i] X~y |
(Khodng cach L1) E (k 14 s6 block)
Chebyshev d(x, y) =max(|x - y;])
D 1
Minkowski dx,y)=CQ %=y PP
i=1
Cosine d(X,Y)=1—C059=1— XY

XY
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1.6.2. Tim kiém xdp xi lang giéng gan nhat (ANN)

Trong céc hé théng CBIR, thay vi d6i sanh anh truy van véi toan bo CSDL, viéc ddi
sanh chi thuc hién trén mot tap con nhét dinh (tap cac tdm cum chang han) nén viéc tim
kiém theo ANN c6 thé khong dua ra két qua chinh xac 100% nhu tim kiém chinh xéac, ma s&
tra vé két qua gan dung nhat trong thoi gian ngan nhat. Diéu nay la do thuat toan tim kiém
ANN Iam viéc bang cach xac dinh mot tap hop cac diém gan nhit va khong dam bao tim
kiém chinh xac nhat. Tuy nhién, v&i mot bo chi muc tét hozc mot thuat toan gom cum tot va
mot thuat toan tim kiém phu hop, két qua caa tim kiém ANN van c6 thé rat chinh xac va
hiéu qua trong nhiéu truong hop.

1.7. Phwong phap danh gia hiéu qua trong CBIR
Do chinh xac 1a ti sé gitta cac anh lién quan duoc truy van véi téng sé cac anh truy

=g,
vén, duoc tinh theo céng thic: Q
Do triéu hoi la ti so gitta SO anh lién quan duoc truy van véi toan bd so6 anh ¢ lién

Re=—2
quan trong CSDL.: Ao
D0 chinh xac trung binh ARP (Average Retrieval Precision) thuong dugc su dung dé
danh gia do chinh xac ctua phuong phap duoc st dung trong CBIR. Higu qua truy van chung
ctia mot hé thong duoc do bang trung binh tat ca d6 chinh xac. ARP dugc tinh toan nhu sau:

ARP = average(>"R) (1.25)

Véi Pi 1a @ chinh xac cua mdi truy van (Do chinh xac trong tra ctu tai diém dir liéu
tha i). N6 12 mot do do hiéu qua dé biéu dién hiéu suat caa hé thong CBIR. Trong cac thuc
nghiém & chuong 2 va chuong 3, luan an sir dung do chinh xac trung binh dé danh gia hiéu
qua cua cac phuong phap.

Véi trudng hop nhiéu truy van, do chinh xac trung binh trén tat ca cac truy van ky hiéu
la MAP (Mean Average Precision) dugc dinh nghia nhu sau:

Q 1.26
map =1 AP (1.26)

g=1

Véi Q la tong sé anh truy van. Cong thirc (1.26) duge dung dé danh gia hiéu qua tra
ctru chung cho mot hé thong CBIR v6i Q anh dua vao truy van.

Tong quan Vvé cac do do danh gia hé thong CBIR ¢6 thé tim thay trong [85]. Pé thé
hién ¥ nghia thong ké, hiéu qua tra ctru dugc tinh trén s6 lugng cac truy van. Thong thuong,
s6 luong cac truy van 1a tir 100 dén 1000 [86]. Kich thudc cua tap dit lidu anh 14 tr 1000
dén 20000 [87]. Véi céac hé thdng tra ciru quy md 1on, kich thudc tap dit liéu c6 thé 1én dén
80 trigu anh [88].

1.8. Mt s6 CSDL thwc nghiém cho tra cieu anh
Bang 1.3. C4c tap dir liéu anh

Tap anh S6 luwong anh Sb 16p anh

Logo-2K+ 22725 303

Corel30K 31695 306
VGGFACE2-S 60000 500

1.9. Két luan chwong 1

Trong chwong 1 lun 4n di trinh bay tong quan vé tra ciu anh dya vao noi dung véi
xép hang da tap. Bén canh d6 luan an phan tich vé dit liéu da tap trong tra ciu anh. Tir cac
phan tich va dénh gia vé xép hang da tap trong tra cau anh luan 4n da phat hién va dé xuat,
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chttng minh B6 @& 1 1a dam bao toan hoc cho c&c nghién ctu Vé tra ciru anh theo hudng tiép
can dit liéu da tap nhu hoc da tap va xép hang da tap.

Ciing & trong chwong nay luan an tap trung gidi thiéu va phan tich céc thuat toan xép
hang da tap (MR, EMR) trong CBIR, qua d6 rat ra mot s6 han ché caa cac thuat toan trén
nhu sau:

- C4c hé thng CBIR sir theo hudng tiép can xép hang da tap thuong méi st dung céc
dic trung muc thap din dén do chinh tra ciru xac chua cao.

- Viéc trién khai toan xép hang da tap nhu MR khong kha thi 4p trén cac tap CSDL 16n
véi sb chidu vector dic trung anh rat cao (voi cac hang tang tinh toan khong chuyén dung -
chang han cac may tinh khong hd trg GPU).

- Bé xép hang dugc cac CSDL anh Ién, cac thuat toan xép hang da tap cai tién nhu
EMR, SGR, AGR...thuong st dung phuong phéap tim cac diém neo (mdi diém dai dién cho
mot nhom vector) duoc chon bang phwong phap phan cum K-means va chua c6 nghién ctu
nao dé xuat phuong phap tim diém neo mai hiéu qua hon.

Chuong 2 va Chuong 3 cua luan 4n nay s& tap trung cai tién thuat toan EMR dé nang
cao do chinh xéc cho cac hé théng CBIR.

A 'Chu’o’n’g 2 o ]
NANG CAO PQ CHINH XAC TRA CUU ANH VOI
XEP HANG PA TAP CAI TIEN

2.1. Gi6i thiéu
2.2. Kién tric CBIR dé xuit

— Ic:huén hoéa dac
ector dac 1 rung ‘ru.ng
mure tha -adn Vector
P theo 3c-opt ~ | dac trung anh f——. —
£ X

truy van

Trich rut dac trung
murc thap anh
(Color, texture, shape)

D6i sanh va xép
hang theo
EMR-(Ivdc-FCM) N

S it My vceity Brnensien |
) o ey i
Xay dwng dé thi neo Tim diém neo véi 1
- (Z, W=272) Ivdc-FCM !
1 : ;
e e o e i e e S e e e e e e, i’ 35 -
- - Pha truc tiép

—»  Pha ngoai tuyén

Két qua
anh tra ciru

Hinh 2.1. M0 hinh h¢ thong dé xuat CBIR véi dic trung
mirc thap st dung EMR-(lvdc-FCM)

Kién trac dé xuat hé théng CBIR trong hinh 2.1 bao gom céc budc sau:

+ Pha ngogi tuyén:

+ Pha tryc tuyén:
2.1. Xay dung dd thi neo trong thuat toan EMR

Budc dau tién cua viéc xay dung ciu trac dd thi neo bao gém viéc xay dung C diém
neo dai dién cho cac diém trong CSDL véi s6 chiéu vector duoc bao toan. Day co thé 1a C
diém duoc ldy mau ngau nhién cac diém tir khdng gian dir liéu dau vao X € R™P hoic duoc
xay dung theo nhitng cach phac tap hon nhu phan cum. Trong budc nay, luan an sir dung
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tdm cum thu duoc tir thuat todn Ivdc-FCM (thuat toan 2.1) lam diém neo. Thuat toan Ivdc-
FCM la mot phuong phap phan cum khdng gidm sat mém, tao ra C tdm cum & d6 mdi diém
dir liéu cd thé c6 nhiéu hon mot thm cum dai dién. Tur thuat toan 2.1 thu duoc tdp tim cum
{Ac}va ta gan U={Ac}r<c<c.
2.2.1. Phwong phdp fim diém neo bang thugt toan Ivdc- FCM

Trong céc nghién ciru vé EMR [15, 30, 29, 70], phuong phap tim diém neo & budc mot
ludn duoc thuc hién théng qua chon ngau nhién trong tap dix liéu goc hodc dung thuat toan
phan cum K-means. Do han ché cia K-means I tim ra tap tap cum cé dang hinh cau va moi
diém dir liéu chi thuoc vao 1 tdm cum duy nhit. Nhu vay néu dit liéu phan bé theo dang 2-
moon (hinh 2.2) hoic trong truong hop cac diém dir liéu c6 nhiéu hon mot tm cum dai dién
thi thuat toan phan cum K-means chua xtr Iy tot.

Tir cac ¥ twdng trén luan 4n dé xuat phuong phap tim diém neo bang thuat toan phan
cum dua trén cai tién thuat toan FCM (duoc goi lai Ivdc-FCM).

Ap e —;»_;.ﬂﬁ.*'ﬂt-._,‘, Pk 4 _ ..;.ﬂ"-.'"'-t-f.s:

s o My s £

2 :.'-_-- “.ﬂ.ﬁ‘% % 5 ;;f' ﬂ?

e ; .é’“ bl .; 4 :-:" A

o 3 f e ¥ § - ob. % . f

IS W, S S Lo s 5

g Booow “‘H’ -y 9 5 &

4 R .“,‘..* . __-T‘H ...... 5 '\" E ._'.;f"

4 ’ “I"-'-ﬁ-u. . ‘C"”‘ . 4 MOy :

e _.4 _.2 0 2 ; 6 55 —a 2 0 P e‘l (Ia
Két qua phan cum theo K-means Két qua mong muon

Hinh 2.2: Két qua phan cum K-means va két qua mong muén
trén tap dir liéu phén bo theo 2-moon

Thuit toan 2.1. Ivdc- FCM (Xac dinh cac diém neo bang FCM cai tién)

LF ={LF}

Input: 1i<n iy lidu dic trung muc thap, hang sé p > 1, C s6 cum mong nuén

D =dim(LF), i=1n

(C c6 thé rat 1on tir 10% dén 20% cua s6 cac anh trong CSDL), np la

A.,c=1C

sb nbest cac diém gan mot tam cum , Me > 0 Va Lmax 12 56 vONg lap t6i da.

Output: Tap cac tdm cum (diém neo) Adiesc
Buoc 1:
1.1 Khoi tao tap tdm cum (*)
1.2: Tinh Jo(A, ) theo cong thirc (2.6) (Str dung FCM gdc giai ham muc tiéu nay)

Buwéc 2: Lap I=1L.

2.1: Tinh ma tran do thuoc” ~ [ ]cn theo cong thic (2.10).

2.2: Chuan hoéa cac do thuoc s }KCSQNS” theo rang buoc (2.2) va bang céng thuc
(2.12)

2.3: Tinh lai tdm cac cum {AC}KCSC theo cong thuc (2.11).
2.3: Tinh Ji(A, W) theo cdng thuc (2.6).

2.4. Ra khoi vong Iap néu I (A = I (A L) (qai 5§ duei ngudng) hodc 1>Lax

Buwéc 3: Tra vé {'L\}KCSC .
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Véi viéc dé xuat cac cong thirc cap nhat ma tran d6 thudc theo (2.10) va hiéu chinh
tdm cum theo cong thirc (2.11) dam cho thuat toan cai tién lvdc-FCM c6 thé thuc hién khai
tao bang nhiéu cach theo (*) véi s6 lwong tap thm cum c6 thé rét 16n.

Do phuc tap cua thuat toan 2.1 la:

Budc khai tao C tam cum bing thuat toan K-means la: ©(""C”P)

Xac dinh n x C khoang cach gitta tirng tdm cum va céc diém dix liéu:
O(L*n*C*D)

Xac dinh np lang giéng tirng tdm cum: O(1)

Do phuc tap cua phan uée lugng ma tran do thudc: O(L*C*ny)
O(L*C*n,*D)

0(n*C*D)

Do phuc tap caa phan cap nhat tm cum:

Do vy do phitc tap toan b thuat toan Ia: + O(L*n*C*D)+ OL*C™ny)

O(L*C*n,*D) ¢ day D la sb chiéu vector, L 12 s6 vong lap téi da, C 1a s6 tdm cum, np 12 s6
nbest cac diém gan mot tam cum Ac.
2.2.2. Tim cde diém neo gan nhdt ciia mét diém di liéu

Budc tht hai cua viéc xay dung d6 thi neo 13 tim cac diém neo gan nhat cho méi diém
dir liéu dic trung muc thap LFi. Diéu nay c6 thé dé dang dugc thyuc hién bang céach sir dung
cac do do khoang cach d(LFi,Ac) di duoc chuan héa nhu Euclide, Mahalanobis giita mdi
diém dit liéu va thm cum .

Thuat todn 2.2. S_Neighbors(LF,U)

(Xéc dinh s diém neo gan nhat cia mdi diém di liéu)

Input: Cac diém LF={LF};<<: €RP, cdc diém neo U={Ac}s<c<c.

Output: s diém neo gan nhat cho méi diém dir liéu LF;.

1: fori=1:ndo

2: forj=1:Cdo

3: dist[j]= d(LFi,Ac)

4. anchor_neighbor[i] = argpartition(dist,s)

5: return s = anchor_neighbor

¢ day: d(LFi,Ac) 1a khoang cach L, tir diém LFi dén diém neo Ac va luu vao mang
dist[j];

argpartition: Ham nay nhan vao mot mang va mot so nguyén s, tra vé mang gom s chi
s6 cuia cac phan tir nho nhét trong mang dau vao

Két qua tra vé Ia s diém neo gan diém mdi diém dix liéu LFi nhat, ta ky hiéu 1a Arg.
2.2.3. Tinh treng sé héi quy giia diém neo va diém dir li¢u

Xay dung ma tran trong s6 Z € R™"biéu dién mdi quan hé gitta cac vector dic trung

LF :{LFi}lsign eR™

muc thap trong va cac diém neo trong A={Ahc | Ham gia tri

r(LF)[r:LlF >R duoc wde lwong cho mbi diém dir liéu voi cac diém neo nhu 13 mot trung
binh trong so cua cac nhan trén diém neo.

((LF) = z,r(A) . =1

C
> z7,=1
k=1

Voi didu kien 2420 (2.14)
Do vay khi di tim thdy s diém neo Ian cin cua timg diém dit liéu, cac trong s6 hdi quy gitra
diém neo va cac diém dit liéu duogc xay dung bang cach giai quyét bai toan tbi uu hoa sau:

(2.13)
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INN (LF)]

X — Z ASENN(LF;)ZiS

s=1

z,=122>0

min &(z;) =3

(2.15)

Vi rang buoc (2.16)
Trong d6 NN(LF) 14 chi s6 cua cac diém neo gan nhat cua LFi.
Pé tinh vector trong s6 hdi quy z« ctia mdi diém dir lieu voi cac diém neo gan nhat,
luan &n str dung phuong phap hdi quy ham nhan Nadaraya-Watson dé gan cac trong sé theo

cong thac (2.17):
dfLF, A

Z; = z de(d”Ld Ak”j

keN, (i.5)

vk e N, (i,9);

0 vk & N, (i, 5) (2.17)
Pé gan trong sb cho zi ta str dung ham nhan Epanechnikov 1a phuong trinh bac 2:

3., oy
K(t) = Z(1—t) if |t <1

0 otherwise (2.18)

Va céc thdng s6 nhu sau:
N, (i,s) = nbest(||LF,, A

d, = max {d(LF,A)}

S 1eNy (is)

Véi nbest(i) 1a vector thir i trong nbest vector gan Ac nhat va d(LFi,Aj)- khoang cach L,
gitra hai vector c6 cung kich thuéc.

Véi k 1a chi sé cua diém neo cu thé khi dang xét dén méi quan hé gitra mot diém dir
ligu xi va diém neo do Ax trong qua trinh tinh toan trong s6 z. | 1a chi so dung dé I3p qua tat
ca cac diém neo trong qua trinh tinh tong mau sé caa phan sé khi tinh zd. Mau sb nay la
téng trong s6 cua tat ca cac dlem neo doi vVei diém dir liéu cy thé xi, dugc dung dé chuan hda
trong s zki sao cho tong trong sé ddi vai mdi xi bang 1.

Hinh 2.3 minh hoa cach cac diém dit liéu duoc két néi véi cac diém neo, trong d6 cac
canh la trong s6 hoi quy.

(2.19)

Céc diém DL
LF,

Zptzytzg=1

LFso
Hinh 2.3. Biéu dién d6 thi Neo cia diém dir liéu LFi va diém neo Ax véi z«i la trong sé
hdi quy biéu dién méi quan hé giira dir liéu va diém neo (s=3)
2.2.4. Xay dwng ma tran hai quy
Trong budc nay ta xay dung ma tran hdi quy Z nhu sau:
Z.. =17, Vied{i,..,n}, 1<k<s;

i<k> i

(2.20)
Vi <k> la cac chi‘ so cua s diém neo gan diem dir liéu i nhat (duoc tim ¢ thuat toan
2.2) va ma tran Z c6 chiéu (Cxn).
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Viéc xay dung ma tran hoi quy duoc thuc hién nhu trong Thuét toén 2.3.

Thuat toan 2.3. Regression_Weights(LF, U, s)
Xay dung Ma trgn hoi quy
=S _Neighbors(LF,U)

2:for|—1.ndo

3: Tinh z theo cac cong thuc (2.17), (2.18), (2.19)
va theo rang bugc (2.16)

4: Feci =2

S:return Z

MJ3i phan tir i caa ma tran Z biéu dién trong sé ma diém dit liéu LFi gan cho diém neo
A (A« €A gan LFi nhat), va trong s6 nay dugc min héa théng qua ham nhan hoi quy.
Piéu nay cho phép Z nam bat dugc mbi quan hé phi tuyén giita cac diém dir liéu va céc
diém neo.

Nhu vay ma tran trong so hoi quy Z la ma tran “do mirc d6” quan hé gitra cac diem dir
liéu va diém neo; Ma tran trong so hoi quy Z la ma trdn thua, cdac phan t khac 0 twong ung
trong ma tran biéu thi moi quan hé giira cdac diem dir liéu va cac diém neo.

2.2.5. Xay dung ma trgn ke

1: <k >

<k>,i ki

Cégc diém DL

Wa=zy%2s

oy %
W3=Z33%233% 243 %243

LF,
de;
Hinh 2.4. Ma tran ké W biéu dién méi quan hé giira cac diém dir liéu

2.3. Ky thuat xép hang trong EMR
+/¢ZHr royiHZ —> min

F \/7 (2.23)

Pé giai ham muc tiéu trén, trong xép hang da tap thuong lap giai phuong trinh:
rit+1) =aSr(t)+(1-a)y (2.24)

N * -1
Hoic giai bing phuong trinh dong © = (1 =aS)™Y (2.25)
r 1a vector diém so xép hang. q 7
Trong céc pha tra ctru, thong thuong cac diém truy van co thé ¢ hoac khéng cé trong
CSDL. Va @é thuan tién trong tinh toan, trong cac truong hop ta gan lw+1 = Q,
=L ;=0 i=1n

EMR(r; Q) :l

U
2 J<n+1

a) Véi truong hop diém truy van c6 trong CSDL: o

Vigc tinh toan xep hang duogc thuc hién theo phuong trinh (2.25): Khi d6 S bién doi
theo Z nhu sau: S = D_UZ\ND_U? = D_UZZTZD_,M (thay W bing cong thac (2.21)). Va
tur cong thac (2.26) tinh D ta cé thé thuc hién viéc bién d6i nhu sau:
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n+1

D,=>.7z'z,=2zv
i=1 (2.28)

b) Khi diém truy van nam ngoai CSDL: Théng thudng trong cac hé théng tra cuu,
diém tra ctru thuong khong ¢6 trong CSDL. Do vay véi mot truy van méi thi ta thuc hién
tinh s diém neo gan ké véi dlem truy van (theo thuat toan 2.2), sau d6 gan trong sé gitta
diém truy van va s diém neo gan ké cua né va hinh thanh cot méi Zexe+1) goi 1a z

— _ —-1/2
Khi dé ta c6: D, =z'v h =2D" inni cot moi cira ma tran H. Dé tinh nhanh
cong thac xép hang dang dong (2.27), ta chi quan tdm dén viéc tinh toan nghich dao:

B z[HHT 1 |CJ1 :[Zn:hihf 1 'Cj
@ i1 @ (2.30)

Va B’ la cua cdt he mai thém vao dugc tinh nhu sau:

n -1
B':(Zhihf+hihf—ilcj ~B
= « (2.31)

Khi n rat 16n va h; rat thua; ta c6 thé xem xét ma tran B nhu nghich dao cua mot ma
tran hiép phwong sai. Phuong trinh (2.31) chi ra viéc thém mot diém don 1é s& khong anh
huong dén ma tran hiép phuong sai cia mot co sé dit liéu 16n. N6i cach khéc, viéc tinh toan
cua B co thé duoc thuc hién & giai doan ngoai tuyén.

Khi d6 vector khoi tao yt ban dau nhu sau:

2
e (2.32)

) Vi On 1a vector O c6 do dain.
Va cong thuc xép hang dang dong (2.27) dugc viét lai nhu sau:

r(n+1)><1 _ [lnﬂ- _|:|—!rT B:|[H ht]j|:on:|
hB 1 (2.33)

Trong cong thirc (2.33) ta tap trung va viéc xép hang n phan tir dau cua r va duoc tinh:
r**=-H"Bh =Eh (2.34)

Vé6i ma tran E=-HB duoc tinh & pha ngoai tuyén. Do vay viéc tinh toan xép hang theo
cdng thac (2.34) sé thuc hién dugc theo thoi gian thue, dam bao cho viéce tinh toan khi diém
truy van khdng co trong CSDL.

2.4. Thuat todn EMR véi lvdc-FCM trong CBIR

Dé khic phuc han ché cua EMR gbc luin an dé xuat phuong phap méi dé xac dinh cac
diém neo va thyc hién &p dung trong CBIR dé xuat nhu hinh 2.6 mé ta quy tim diém neo
theo Ivdc-FCM va xép hang.

5 thi GX A 2)
A

-
o .

* o
A
< .*
*

0 .

-

A
- -
-

. /1

\ S|

. o o -
w-

Foapor "o

i
2
]
(IXIT)]
¢

-
M réng D6, thi G A, Z )

@ DiEm truy van & Didm neo A S ® Cac diégm tham gia x8p hang

Hinh 2.6. Xay dung d6 thi EMR véi lvdc-FCM
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Thuat toan xép hang da tap EMR géc dugc thay ddi lai khi sir dung tap cac diém neo
xéc dinh bang thuat toan lvdc-FCM nhu sau:

Thuéit toan 2.4. EMR-(lvdc-FCM) (Thudt toan xép hang EMR si dung Ivdc-FCM dé
xdc dinh cac Anchor point).

Input: {LF }L'<” dir li¢u dac trung muc thap

LFQ dac trung murc thip cua anh truy van.

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

D =dim(LF,),i=1n

output: "= i SOALYI=10 13 thi hang twong tu v6i anh Q cia anh I trong
CSDL anh E.

Pha offline:

Buwéc 1: Chuan hda {LF‘ }Kiﬁn theo thuat toan 3o-opt [93]
Bwéc 2: Tim tap diém neo bang thuat toan Ivdc-FCM (thudt toan 2.1)
Bwéc 3: Tim s diém neo gan mot diém dit liéu theo thuat toan (2.2)
Buwéc 4: Tinh ma tran hoi quy Z theo thuat toan (2.3) (*)
Buwéc 5: Tinh W véi W=Z"Z
Bwéc 6: Chuan héa S=H™H

1

(véi H =ZD 2 yatinh D theo cong thiic (2.28)

Pha online:
Buwoéc 7: Mé rong Tinh Zg = Zn+1 theo thuat toan (2.3) (**)
Buoc 8: it @ ={r}.. ., E=0vi=ln,r =10

Tinh toan xép hang theo cong thirc (2. 26) (***)

Bwéc 9: tra vé r={ Q"}K‘S“ :
2.5. Thuc nghiém va danh gia két qua
2.5.1. Ddnh gid higu qud cia cia thugt toan Ivdc-FCM dé xudt

Pé danh gia tinh hiéu qua cua Ivdc-FCM dé xuat luan an ding chi sé danh gia danh
cho cac thuat todn phan cum nhu: Silhouette Score, Davies-Bouldin Score, Calinski-
Harabasz Score, Xie-Beni index.

Chi sb cang thap thi phan cum cang tt. Chi sé Xie-Beni index duoc tinh boi cong

thuc sau:
Zzuu ” X _A ”

j=1 i=1

XBindex =
n.min | A-A |’

i=k
Thyc hién danh gia trén tap dix lisu 20D véi 3000 diém, so cum 30, nbets = 100; s
vong lap Ién nhat 1a 150; ]
Bang 2.1. Ket qua cac chi so danh gia trén tap dir liéu nhan tao 20D

Thuét toan Silhouette Davies-Bouldin Score Calinski- X!e-Benl
Score Harabasz Score index

K-means 0.45217 1.012239001369301 19915

FCM 0.44329 1.0178483330467862 19914.74451 0.00212

Ilvdc-FCM 0.48825 1.0278284360498895 19932.72572 0.00149
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Chi sé Xie-Beni index do c6 su tham gia cua 3 thanh phan gdm tap di liéu, tap tam
cum va ma tran d6 thuoc (khdng c6 ¢ K-means) nén chi so sanh véi K-means & chi sé nay.
Véi bang két qua nay cac chi sé cua Ivdc-FCM, FCM déu tét hon so véi K-means ¢ muc do
phan biét cac tam cum.

Chi sé IFVIndex (Index of Fuzzy Validity) 1a mot phép do duoc st dung dé danh gia
chat luong cua phan cum mo (fuzzy clustering) trong kha ning phan chia cac nhom va tinh
mo cua phan cum. IFVIndex cung cap mot s liéu danh gia vé sy tach biét va sy tap trung
ciia cac nhom phan cum, dya trén cac gia tri tap hop dong nhat (fuzziness) va gié tri tap
trung ctia cac diém di liéu trong mdi nhém. Gia tri d6 do IFVIndex dugc tinh boi phuong
trinh sau:

C

I FVindex = é
i

1 19 ‘| sp_
{qué [IogZC—WZIogzum} }x
k=1 k=1

=1 Op

C N
D =maxlA-AF =23 L5x,-a )
Trong do: k#] va AT k=t
Gia tri IFVIndex cai dat trong thuc nghiém ti I¢ thuan vai vai hiéu nang ctia cac thuat toan.
Bang 2.2. Chi sb Xie-Beni index va chi sé IFVIndex trén tap di liéu 20D véi 3000
diém, s6 cum 30, sb vong liap 150.

Thuat toan Xie-Beni index IFVIndex
FCM 0.00212 11.704905011975184
Ivdc-FCM 0.00149 12.583643380361265

Véi tap dir liéu dic trung muc thap duoc trich chon tir CSDL anh (tap Corel30K, tap
logo-2K+, tap VGGFACE2-S), luan an thuc hién danh gia chi sé Xie-Beni index dé so sanh
FCM géc va Ivdc-FCM. Bang két qua nhu sau:

Bang 2.3. Chi so Xie-Beni index va chi sé IFVIndex trén tap dir liéu LF809 cua tap dir
liéu Corel30K s6 cum 5000 va s6 vong lap 100

Thuét toan Xie-Beni index IFVIndex
FCM 0.00412 118.2531745545215
Ivdc-FCM 0.00249 119.1000254356127

Tur két qua thue nghiém ¢ céc bang 2.2 va bang 2.3 cho thay cac chi s6 Xie-Beni index
va IFVIndex trén céc tap dir liéu khac nhau (tap 20D- 3000 diém va tap dit lidu dic trung
muc thap 809D cua Corel30K) cua thuat toan dé xuat lvdc-FCM cho ta tap thm cum phan
biét rd hon thuét toan FCM géc.

2.5.2. Danh gia hi¢u nang tra ciru anh vei EMR-(lvdc-FCM)

Déi véi thuc nghiém nay, luan &n chon ngau nhién 100 chu dé (trong tong sé 303 cha
dé cua tap dir liéu Corel30K, mdi chi ¢é c6 100 anh) va thuc hién chon anh truy van trong
tat ca cac chu dé. Két qua tra vé sau tra ctru 1a 20 anh. Tur két qua hinh 2.12 ta thay phuong
phdp AGR cho d6 chinh xac thap nhat. Cach lva cho diém neo trong AGR Ia chon ngau
nhién tap diém dai dién trong CSDL lam diém neo. Doi véi 2 phuong phap SGR va EMR,
phuong phap lwa chon diém neo 1a dung thuat todn phan cum K-means. Ciing trong hinh
nay, do chinh xac trung binh ctua phwong phap dé xuat 1a cao nhit so véi cac phuong phap
con lai.
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So diém neo chon la 5000, s6 anh tra vé sau tra ciru
cuia tirng chu de 1a 20 anh

S 70 KA A BRI K P O A B AXEX. AU\ ock,
=2 . ~“4A‘ A T Y)Y - W {0 SNV N ‘ v 1] LA - v
g: "”, y ¥ P { ) " ( [ “)"' "" 0"‘ "' "0" ""‘ 1114 "‘,"H’!
= 20
% 1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77 81 85 89 93 97
=Y S6 chu dé

——SGR —m—EMR AGR ——EMR(lvdc-FCM)

Hinh 2.12. Pd chinh xac ciia 4 phwong phap & 20 anh tra vé sau tra ciru trén tap dir
liecu COREL30K
O day, dua vao biéu d6 c6 thé dé nhan thay rang mot s chu dé dé, tat ca cac thuat toan
thuc hién tét, va mot sb chu dé kho céc thuat toan thuc hién cho két qua tra ciru c6 do chinh
xac khong cao.
Bang 2.4. Bang két qua tra ciru anh trén cac tap dir liéu véi cac tap
diém neo Ién va dé chinh x4c trung binh cho tirng bd diém neo

s& didm Logo-2k+ Corel30K | VGGFACE2-S
@' | EMR | EMR-(vdc- | EMR | EMR-(vdc- | EMR | EMR-(lvdc-
goc FCM) goc FCM) goc FCM)
7000 57.5% 65.7% 63.2 % 68.4 % 67.5% 73.3%
8000 56.3% 68.8% 64.5 % 69.5 % 66.2% 74.5%
9000 56.7% 65.5% 65.6 % 69.9 % 66.6% 74.6%
10000 55.1% 64.6% 66.3 % 70.8 % 66.5% 74.7%

Tur s6 liéu cac thuc nghiém, viéc lya chon phuong phap tim diém neo va sé luong
diém neo anh hudng truc tiép dén két qua tra ciru. Thong thudng s luong diém neo duoc sir
dung bang khoang 5% dén 15% s6 lugng mau cua CSDL.

Bang 2.5. Thai gian thuc thi khi tra céu mét truy van
(diém neo 5000, anh tra vé 20) trén tap Corel30K

Phuong phap Thaoi gian (s)
AGR 0.293
EMR 0.309
SGR 0.235
EMR-(lvdc-FCM) 0.317

2.6. Két luan chwong 2

Trong chuwong ndy luan 4n da trinh bay phwong phap tim diém neo méi dya trén thuat
toan phan cum FCM cai tién (goi 1a thuat toan lvdc-FCM) trong diéu kién: sé vector di liéu
dic trung anh va sé cum lon.

Véi thuat toan dé xuat, luan an da tién hanh thyc nghiém danh gia hiéu qua cua thuat
toan lvdc-FCM so véi cac thuat toan FCM gdc va K-means trén tap dit liéu nhan tao duoc
hinh thanh tr cac tap swiss_roll, tap moons, tap s_curve, tap friedman3 va tap
gaussian_quantiles. Véi cac chi sé danh gia thong dung nhu Silhouette Score, Davies-
Bouldin Score, Calinski-Harabasz Score, Xie-Beni, thuat toan dé xuat déu cho két qua danh
gia tét hon cac thuat toan FCM gdc va K-means.
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Trén co so thuat toan phan cum Ivdc-FCM, luan &n trinh bay thuit toan cai tién cua
EMR, goi 1a EMR-(Ivdc-FCM) véi phuong phap tim cac diém neo bang thuat toan dé& xuét
lvdc-FCM thay thé cho thuat todn K-means va ap dung trong CBIR dé ning cao d6 chinh
xac trong tra cau [CT1, CT2, CT4]. Van dung thuat toan lvdc-FCM, thuat toan EMR-(Ivdc-
FCM) di xay dung d6 thi xép hang da tap vai s6 luong diém neo rat 16n, khai thac wu diém
cua phép phan cum Ivdc-FCM so véi K-means trong tra cicu anh. Thuat toan dé xuat duoc
thuc nghiém tra cuu trén ba tap dir liéu anh: Logo-2k+, Corel30K, VGGFACE2-S cho doc
chinh xac dugc cai thién rd rét nhu da chi ra & cac thuc nghiém danh gia bang truc quan va
bang chi sb danh gia khach quan. Két qua thuc nghiém dugc so sanh véi cac thuat toan
EMR, SGR, AGR cho d¢ chinh xac cua phuwong phap dé xuit da dwoc cai thién va dang tin
cay. Su cai thién vé do chinh xac ting dang ké (khoang 7% - 15%) so Vi thuat toan goc va
cac thuat toan khac cung ho.

Chuong 3
NANG CAO HIEU QUA TRA CUU ANH THEO TIEP CAN KET HQP
PAC TRUNG MUC THAP VA PAC TRUNG MUC CAO
3.1. Giéi thigu
3.2. Hé théng CBIR dé xuat
M0 hinh tong quat cho cac dé xuat caa luan an trong hinh 3.1 duoc mé ta nhu sau:

a5l
.| Dic trung Vector dic trung Chun héa _
PR ' muc thép > mc thip - 36-opt Vector dac
; | trungdnh |re==e-——-- |
i
H

. 2 )
Anh truy van L.

truy van

Trich rat dac treng |- -i

Két hop

- Dac trung | vector déc |-
w CNN trung CNN » vector dac
trung

e U EXEE |
D0i sanh v, D DT E
va xép /" = —" A B
€z hang dnh @z—i}[ s Mo
N ot Xay dung 66 thi diém Xac d@inh didm neo bang i
: ’ , neo béng HD-EMR ) Bl -
o i s s s s i S A i —; o ) S B S o5 R e S i S O G R G T s G 1

= = = <  Phatruc tuyén

Két qua anh
truy van

— Pha ngoai tuyén

Hinh 3.1. Hé thong dé xuat

3.3. Biéu dién anh bang két hep dic trung mirc cao tir EfficientNetB7+ va dic trung
mirc thap
3.3.1. Trich rut dic trung murc cao cua anh s dung CNN

Pau ra cua mang CNN c6 thé 1a mét hoic nhiéu vector dic trung duoc tao ra bang
cach cho anh dau vao chay xuyén qua mang véi cac trong s6 da duoc huan luyén. Tuy thudc
vao tung bai toan khac nhau, ching ta cé thé sir dung cac vector dic trung do theo nhiéu
cach khac nhau. Chang han, coé thé sir dung mét bo phan 16p co ban dé phan I16p cac vector
dic trung, hoac cé thé gan mot tang phan 1ép (chang han dung ham SoftMax) vao cudi cua
mé hinh mang dé du doan nhan cua cac vector dic trung.
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3.3.2. Mang EfficientNet

Mang EfficientNet 13 kién trdc mang no-ron hoc sau duoc dé xuét tai nghién cuau.
Mang EfficientNet duoc thiét ké nham téi wu hoa dong thoi hiéu suat va tai nguyén tinh
toan v&i muc tiéu dat duoc két qua tét nhat voi kich thude mang ti wu nhat.

EfficientNet sir dung mot s6 ki thuat quan trong dé ting hiéu qua cua mang st dung
phuong phép tinh chinh ti 18 dé ty dong diéu chinh d6 rong, do sau va do phan giai thong
qua mot tham sb trung gian nham gidp mé hinh linh hoat va mém déo véi cac kich thuéc
dau vao khac nhau ma khong 1am gia ting qua d6 phic tap cia md hinh.

3.3.3. Ky thudr dé xuat tinh chinh mang efficientNetB7

a) Ky thudt transfer learning

b) Sir dung mé hinh co so EfficientNetB7

¢) Cdi tién mé hinh co sé EfficientNetB7
Thuat toan 3.1: Trich rat dic trung anh véi mang CNN tién huan luyén

Input:

- Tap anh can trich rat dac trung: 1=(l4, lo, ..., In)

- M6 hinh tién huan luyén Q = (Model EfficientNetB7)

Ouput: Vector dic trung biéu dién anh HF=(HF1, HF, ..., HF»)

1. Model«—LoadModel(€2)

2 HF < ¢

3. fori=1,...,ndo
3.1 HFi«—ExtractFeature(li, Model);
3.9 HF =HF UHF

4. Return HF
3.4. Két hop dic trung
Thuat toan 3.2: Thuat toan trich rat va két hop cac dic trung

Thugt toan 3.1: Két hop dic trung: LF-DFE(E) {LF-ddc trung mirc thdp, DFE-ddc
trung nhing hoC sau}

Input: Tap dix liéu anh E={E}sicn
Q: M6 hinh tién huan luyén (2 €{EfficientNet, EfficientNetB7+...})

Output: Tap vector dic trung két hop UG e

Buwéc 1: Trich rit ddc trung mirc thap md ta mau, két cau va hinh dang cua anh:

Buwéc 2: Trich rut dac trung CNN:

Buwéc 3: Két ndi dic trung mirc thap LF va dic trung mire cao thu duoc tap vector dic
trung chiéu rat cao biéu dién CSDL anh E:

Buoc 4: Travét'Cluen qq
3.5. CBIR véi ky thuat xép hang EMR dwa vao GPU-platform

Trong phan nay, viéc sir dung phan cum FCM véi tap dit liéu vector 1n, sb chiéu rat
cao va s6 cum rat 16m dé xac dinh cac diém neo cho d6 thi cia EMR d3 dugc thuc hién.

Phan nay tap trung vao viéc ap dung tinh toan trén GPU trong giai doan ngoai tuyén dé
xé4c dinh cac diém neo cho dd thi cua EMR.
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3.5.1. Toi wu héa thudt todn fim diém neo dwa trén GPU-platform

- Trong LDM-FCM dé& xuit ky thuat téi vu budc hiéu chinh ma tran d6 thudc caa thuat
toan Ivdc-FCM khi xir Iy céc vector dit liéu can phan cum c6 sé chiéu rat cao bang tiép can
cua cac thuat toan ANN.

- Ngoai ra dé t6i vu phép hiéu chinh ma tran do thudc, ma tran d6 thudée duoc biéu
dién thanh ma tran thua hai chiéu dé giam tai nguyén luu trit va c6 thé chuyén 1én bo nho
GPU-RAM dé thyc hién tinh todn song song.

Chuyén cac ma tran thua DIS va POS 1én GPU-RAM thu dugc hai ma tran DISgp va
POSgpu:

DIS, ;g < DIS, 4, ={D, D, ... D}

c,i,gpu

1<c<C (31)
I:>C)Sc,gpu <« POSc,cpu z{ic,l’ ic,2""’ ic,nb}lscﬁc

Biéu dién ma tran do thudc 1a ma tran thwa (kich thuéc Cxnp), duoc tinh todn song
song trén GPU theo cdng thurc sau:

1 .
- for ie POS_,

DISci, u Pt
:uc,i,gpu = Z =
1<c'<C DISc']i,gpu

icPOS,, gy
0.0 for ig POS_ (3.2)
. Z 'uc,i‘gpu :1
Va chuan hoa dé dam bao ' (3.3)

Tinh gia tri ham muc tiéu cia FCM trén GPU theo cbng thuc:
[}
J(A 1) = Z Z /Icp,i,gpu DISchi,gpu
=1 iePOS, 4oy (34)
Kiém tra diéu kién dirng. Néu khong thoa thi cap nhat tap tdm cum A, budc nay
duoc thuc hién trén CPU:
Chuyén ma tran do thudc pei vé CPU-RAM: #ei <~ Heiauyva cap nhat tap tm cum trén
toan b tap dir liéu vai cong thic (3.5) duoc tinh todn ¢ CPU.
Z ﬂc?i*lci
iePOS;
AW
icPOS, (3_5)
So d thuat toan dugc thé hién nhu hinh 3.9:
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Pung +<

Hinh 3.9. So’ d6 thuat toan LDM-FCM
3.5.2. Thudt toAn LDM-FCM
Thugt toan 3.2: LDM-FCM (Local data manifold Fuzzy C-means)

Input: Tap vector dic trung két hop e }1§isn cua dataset n anh E.
Hang so p>1 (p =2); C- s6 cum mong muon
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D =dim(IC) *; np 6 16n nhat cac vector I1Ci thudc vé mot cum Afecc 2
e >0 la hang s6 du nho; Lmax 1a s6 vong lap toi da.

IDXe (D) 12 bo chi muc cia Cilisian3

Tham sé GPU platform:

+ block size ={blkr, blkc}: tham sé block 2D.

+ thread size = {thrdr, thrdc}: s6 thread 2D trén mdi khoi.

Output: Tap cac tm cum A={A e
Cac budc trong thuat toan duoc thuc hién,theo thir tu: ,
Budc 1: Khai tao tap tdm cum {Ac} voi so cum mong muon C.

Buéc 2: Lap theo I =1 Ly

Budc 3: Copy dit lieu tir GPU-RAM vé CPU-RAM; #ei <~ Heigpu

Buéc 4: Travé Al

Thuat todn LDM-FCM dé xuat 1a mét cai tién so véi FCM gbc véi hiéu suat cao va Ia
k§ thuat méi duoc ap dung cho viéc phan cum dir liéu:

e Trong thuat toan da tich hop vé&i ky thuat ANN dé tang toc do xac dinh cac vector
gan mot tam cum.

e Tinh toan nhanh cac ma tran lién quan bang cach biéu dién ching duéi dang ma tran
thwa 2 chiéu dé giam tai nguyén luu trit va st dung cdng nghé lap trinh da ludng trén GPU
dé tang téc do tinh toan.

Pau ra cua thuat toan LDM-FCM 4 cé4c tdm cua cac cum dir liéu. Trong pham vi tng
dung cho thuat toan xép hang EMR trong CBIR, cAc vector tdm cum nay duoc gan cho céc
diém neo dé xay dyung d6 thi HD-EMR, chi tiét duogc trinh bay trong phan tiép theo.

3.5.3. Xay dung dé thi HD-EMR Véi ddc trung chiéu rdt cao

Viéc xay dung dd thi HD-EMR trén toan bo CSDL vector dic trung chiéu cao duoc
thuc hién véi cac budc phan tich va thuc hién qua cac budc nhu sau:

Buwéc 1: Tim diém neo bang thuat toan LDM-FCM (thugt toan 3.2)

Buwéc 2: Tim s diém neo gan nhat véi mdi diém dix lidu xi:

Thuat toan 3.3. s_Neighbors(ICi ,Ac)

(Xéc dinh s diém neo gan nhat cia mdi diém dix liéu)

Input: Cac diém IC={ICi};<=» €RP, cdc diém neo A={Ac}r<<c.

Output: s diém neo gan nhat cho mdi diém dix liéu 1Ci.
IDX, = IndexFlatL2(D, A))

1: Lap chi muc cho C diém neo:
2: Tim s dieém neo gan mét diem dir ligu:
fori—1 tondo
ANNSearch({A, DX, } s, IC)*
3: return s

186 chiéu vector cta cac dac trung {I1C;}, ., D c6 thé rt lon.

1<i<n

2 Gia dinh mot cum tam A. c6 thé chi gdm ny, c&c vector gan tm cum A, nht theo khoang céch Lo.

3 Puoc x4c dinh bai thuat todn IndexFlatL2 cua thu vién Faiss. Sir dung k§ thuét tim kiém ANN d3 c¢6 va sir dung
khoang céch L,

4 x4c dinh dwgc cac chi sb ci1,...Cis 1a s s6 nguyén khac nhau thuoc {1,2,...,C} sao cho s diém
neo Ac gan IC; nhat theo d6 do khoang cach L.
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Buwéc 3: Tinh ma tran trong sé hdi quy Z: Sau khi tim duoc s diém neo gan nhat caa
mét diém dix liéu ta tinh ma tran Z 1a ma tran héi quy biéu dién mdi quan hé giira diém neo
va diém dir liéu theo cong thic:

Buwéc 4: Tinh ma tran ké va chuan hda ma tran chuyén tiép: Ma tran ké biéu dién méi
quan hé gitta cac diém dir lieu W dugc tinh theo céng thic (2.21): W=Z"Z va ma tran

xS = DYDY, o Di :ZW” = 4 ZiTZJ'
chuyeén tiep ° = D D™ vei = = ;
Bwoc 5: Xu ly mot truy van:

Gia sir CSDL anh dugc biéu dién bai CSDL vector dic trung !
dic trung biéu dién anh két hop gitta mirc thip va muc cao.

a) Anh truy van Q cd trong CSDL anh E.

Nhan xét:

b) Anh truy van Q khong c6 trong CSDL anh E

voi FE ={1C sicn. tap CSDL vector dic trung d chiéu cia CSDL anh E ¢6 n anh. Khi

Qe¢E ta dit Envs = Q c6 biéu didn anh 1a vector dic trung ICn+1, ky hiéu

C= { IC, }Jsisn la vector

L =1,r=0,vi=Ln . |, A in
4 i va cac ma tran lién quan nhu sau:
def def
Zn+l :(Zc,n+l)1§c§(3' Dn+1 = Zn+1V
n
def
12 V= Z.
hn+1 = Zn+1Dn+1 ' Hnew =H® hn+1 Vé’l j=1 !

Do vay chlng ta chi tinh todn ma tran D ma khong can tinh ma tran ké W

Cé4c xép hang cua CSDL vector dic tru’ng{lci}lsisn Vvéi vector truy van 1Cq duoc tinh
theo cong thuc:

fo = (Ficicn = {(1—05)0(HT B} L (3.8)

(1 _ A
Vi B_(I° aHH ) va lc la ma tran don vi CxC.
Ta chung minh cong thuc (3.8):

Ta bién @61 nhu sau:

t+1

=l = aHTZ(aHHT)‘h
i=0

r=aH™ (Ig—aHHT) 'h,, =aH™ Y (@HHT)'h

t=0

n+1 n+1

t+1 t+1
=gHT' {IC +Z(aHHT)‘}hn+1 =aH™h  +aH’ {Z(aHHT)‘}hM
i=1 i=1
t
=aH'h ,+aH’ {(aHHT)Z(aHHT)‘}hM
i=0
t
=aH'h  +aH’ {(H (aHT))Z(aHHT)i}hM
i=0

t
=aH™h  +aH™H {(aHT))Z(aHHT)i}hml
i=0

=0{HThn+1+0£(HTH){(QHT)X(QHHT)i}hml

=aH'h +a(HTH)rtYQ =asr, +aH™h, .

n+1
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r. =limr T
Q t,k . =aH
VAy s Vrl I’HLQ = h

Khi d6, cic ma tran tham gia vao tinh toan xép hang céc vector trong CSDL v&i vector
truy van cta anh Q c6 céc tinh chat nhu sau:

Zn+1 14 vector thua C chiéu véi chi c6 s thanh phan khac 0;

hn+1 12 vector thua n chiéu va chi c6 C thanh phan khac 0;

;
Moot 13 ma tran cd CxC va thua;

Z 1a ma tran c¢& Cxn, va c6 sxn thanh phan khac 0. Cac phan tir khac 0 twong ung
trong ma tran biéu thi mdi quan hé giira cac diém dir liéu va cac diém neo;

H 12 ma tran thua ¢& Cxn va c6 sxn thanh phan khac 0;

HHT 12 ma tran ¢& CxC, 1a ma tran thua do cac hé s6 nay bing 0 trén tap cap chi sé
diém neo ma cac diém neo nay khdng ciing thuéc mot s-best cua bat ky vector ICi nao. That
vay, ta co:

Jr(ocHTH)I’t’Q = O‘S'},Q +aHThn+1.

n+1

v(c,.c,) e{l<c,c, <C|-Ji:l<i<na A eN,(i;s) A A eN,(i;9)},
HHT[cl,cz]:Zn:H[cl,i]H[cz,i]:0

TR_(1_ T _ T\
Vi ma tran (1-a)aH'B=(1-a)aH" (I, -aHHT)

3.5.4. Thugttoan HD-EMR trong CBIR
T phan tich va danh gia trén, luan an de xuat thuat todan HD-EMR nhu sau:
Thudt toan 3.3: HD-EMR (High Dimesional-EMR)

Input: Tap CSDL vector dac trung anh IC={IC]}.., , ddc trung anh truy van 1Cq
Q: M0 hinh hoc sau dao tao trudc (Qc {Resnet; VGG, EfficientNet, ...}).

C: s6 lwong diém neo (6 Cum thu dioc ¢ thudt toan LDM-FCM).

s: 56 phan tir diém neo 1an cdn cia mét vector ddc tring

a€[0,1)

c6 thé tinh sin & budc offline.

Output: "~ e K €0 VI=Ln sy hang twong tu v&i anh Q Iy ra trong co s
du liéu anh E

Céc buéc cua thuat toan bao gom:

Bwéc 1: (offline) (c6 thé dung GPU-platform)

Buwérc 2: (online):

Bwéc 3: Tra vé vector xép hang {ro}.
3.6. Thuc nghiém va cac két qua
3.6.1. M6i trwong thuc nghiém va hudn luyén mgng EfficientNetB7+

Viéc sur dung mang EfficientNetB7+ [CT6] cho phép tan dung dugc cac thong tin da
dang va phong phu tir cac tap dir liéu Logo-2K+, Corel30K va VGGFACE2S. Diéu nay
giup cai thién kha nang trich rat dac trung tur cadc hinh anh va tang tinh da dang cua bo
vector dic trung biéu dién anh.

Bang 3.5. Bang cac dac trung sir dung trong thuc nghiém

Cac mo ta Kiu dic trung So ctneu vector
dac trung
GCM Color 81
LBP Texture 59
GWT Texture 120
EDH Shape 37
GIST Shape 512
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Trich chon tir mang pretrain Resnet50 CNN 2048

Trich chon tir mang pretrain VGG19 CNN 4096

Trich chon tir mang pretrain EfficientNetB7 CNN 2560

Trich chon tir mang pretrain EfficientNetB7+ CNN 2560
Két hop dic trung

(B7+ va LF) CNN+LF 3369

3.6.2. Cac tham sé va két qud thuc nghiém hé théng d@é xuat HD-EMR

Hinh théng CBIR duoc dé xuat nhu ¢ hinh 3.1 dugc thuc hién qua cac thuc nghiém
sau:

Cac thong s6 thuc nghiém nhu sau:

a. Su dung cac dac trung mirc cao (dac trung CNN) duoc trich rdt tir mé hinh mang
duoc huan luyén tir trude nhu: EfficientNetB7, VGG19, Resnet50 va mang hiéu chinh dé
xuat EfficientNetB7+. Sb chiéu cua cac vector dic trung thu duoc nhu bang 3.6.

b. Tham s6 cho LDM-FCM (thuc hién trén méi trudng Google-Colab)

c. Tham sé trong thuat toan HD-EMR:

o= 0.99; np=350; s= 5 (s6 diém neo 1an can gan nhat cua mot diém dix liéu);

S6 diém neo p= 4000 dén 7000 diém neo

Bang 3.6. Bang két qua tra ciru trén 3 tap dir liéu véi s6 anh tra vé 1a 20

CSDL Logo-2K+ VGGFACE2-S Corel30K
S6 diém neo (C=5500) (C=7000) (C=5000)
VGG19 76.35% 77.78% 65.29%
Resnet50 79.25% 80.23% 68.91%
(B7) 80.20% 81.08% 68.98%
(B7+) 84.90% 86.40% 71.80%
(B7+vaLF) 89.60% 93.50% 82.20%

Tur két qua thuc nghiém, khi ta ding mang trich rat dic trung EfficientNetB7+ (goi tat
la B7+) cho két qua trong tra ctru tot hon so véi cac mang tién huan luyén (46 chinh xac cao
hon cac mang con lai khoang 5%-10%). Khi tra ctu véi dic trung két hop cho do chinh xéac
cho @6 chinh xac cao hon khoang 5%-7% so véi khi chi st dung minh dac trung CNN.

3.7. Két luan chwong 3

Trong chuong ndy luan an di dé xuat cac cai tién nang cao do chinh xé&c cua hé thong
xép hang EMR trong d6 cac anh duoc biéu dién anh bang cac dic trung muc cao (dic trung
CNN) két hop dic trung mirc thap trong CBIR théng qua giai quyét hai van dé quan trong
sau:

Vén dé 1: Trich rat dic trung mirc cao phi hop vai ndi dung anh tir cac mang CNN da
duoc huan luyén va tinh chinh mang CNN dé trich rat dic trung anh cua cac CSDL riéng
biét. Trong phan nay luan an da tinh chinh va dé xuat mang EffcientNetB7+ 14 mang ding
dé trich rut dic trung muc cao cua anh (dic trung CNN) cho hé théng CBIR dé xuét. Céc
thuc nghiém danh gia do chinh xac két qua tra ctu anh da duoc cai thién khi s dung dic
trung mue cao duoc trich rut tir mang EffcientNetB7+.

Van d¢ 2: bé xuat thudt todn LDM-FCM tim tap diém neo hiéu qua trén tap dir lieu
vector chleu rat cao. ‘Trong phan nay luan an da xu ly duoc hai yeu t then chét cua dd thi
neo la sé diém neo rat 16n va sé chiéu vector ciing rat cao cung dong thoi xuat hién.

Vi thuat toan LDM-FCM tim, luén an cling dé xuat thuat toan HD-EMR, la mot cai
tién thuat toan xép hang EMR cho cac anh duoc biéu dién bang dic trung két hop muc thap
va mirc cao (dic trung CNN). D6 thi cia HD-EMR dugc xay dung tir cac diém neo thu
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duoc tur thuat todn phan cum LDM-FCM khi 4p dung 1én CSDL vector dac trung anh. Ngoai
ra trong thuat toan HD-EMR, mét 1an nira thuét toan tim kiém vector ANN lai dwogc &p
dung, nhung chi muc dit liéu dugce danh trén tap dit liéu cac diém neo dé cap nhat lai cac gia
tri méGi s& dugc bo sung vao ma tran Z cua do thi EMR trong qua trinh tra ciu anh.

Thuat toan HD-EMR trong CBIR dé xuét cho thdy do chinh xéac cua hé théng dat két
qua cao hon 5-10% so v6i EMR-(lvdc-FCM) va EMR.

KET LUAN VA HUONG PHAT TRIEN

Luén 4n d3 trinh bay khai quat mot sb van dé co ban lién quan dén cac bai toan trong
CBIR. Trén co s& khao sat va phan tich cac nghién cuu lién quan, luan an da tap trung
nghién ciru cac van dé co ban trong tra ciu anh tiép can di lidu da tap, cac két qua dat duoc
cta luan an duoc tom tit nhu sau:

Két qua chinh 1: Cai tién thuat toan xép hang da tap EMR bang cach sir dung thuat
toan phan cum mo Ivdc-FCM dé tim diém neo. Trén co sé d6, dé xuat thuat toan EMR-
(lvdc-FCM) ap dung hiéu qua trong CBIR.

Két qua chinh 2: Nang cao hiéu qua tra ctu anh bang phuong phap két hop dic
trung cap thap va cap cao trich xuat tir mang CNN. Chi tiét dong gop bao gom: (i) Pé xuat
phuong phép tinh chinh mang CNN dé trich xuat dic trung trudc khi két hop véi dic trung
muc thap; (ii) Dé xuat thuat toan HD-EMR dua trén cac diém neo udc luong bang FCM cai
tién két hop ANN (thuat toan LDM-FCM) dé tra ctitu anh khong can str dung cac phuong
phap giam chiéu dix liéu.

Ngoai ra, luan an con dua ra bo dé mai vé tinh tong quét cua dix lidu da tap trén cac
tap hitu han vector, cung cip co s& Iy luan cho @ng dung xép hang da tap trong tra cttu anh
theo noi dung. Trong qué trinh nghién ctu, luan an dé xuét sir dung kién trac GPU dé thyc
hién hiéu qua thuat toan phan cum LDM-FCM.

Luén 4n da tong hop cac cong trinh céng bd quan trong cé lién quan trong pham vi
nghién ctu cua luan an, cac dé xuat cua luan an da cong bd & cac tap chi/hoi thao Qudc
té/trong nudc vé xay dung cac vector biéu dién anh ciing nhu cac phuong phap tim diém
neo va cai tién thuat toan xép hang EMR gdc, di kiém ching hiéu qua cua cac thuat toan dé
xuat théng qua thuc nghiém.

Hudéng nghién ciru tiép theo caa luan an:

(1) Phét trién CSDL anh cho bai toan tra ciru anh theo ndi dung véi cac chu dé vé anh
Y té, anh Noéng nghiép ciing nhu cac loai CSDL anh phuc vu cho cac van dé& Kinh té/xa
hoi...

(2) Nghién ctru céc thuat toan trich rat dac trung anh bang cac mang hoc sau (deep
learning) va phan cum di liéu anh bang cac mang neural d6 thi (Graph Neural Network),
cac mang hoc sau theo tiép can phan doan ngit nghia nham nang cao do chinh xé4c cua céc
hé thdng tra ctru anh theo hudng khia canh ndi bat (salient aspects).

(3) Nghién ctu va hoan thién thuat todn xép hang da tap, nghién cu mé réong mo
hinh da truy van, truy ciu théng tin thi giac & muc ngit nghia cao hon dya trén cac thuat
toan phan doan ngt nghia (semantic segmentation) trén cac tap CSDL lon.
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