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LOI CAM DOAN

T6i xin cam doan luan &n tién si 1a két qua nghién ctu khoa hoc cua toi
dudi sy hudng dan cua TS. Ngb Hoang Huy va TS. Nguyén Thé Cuong. Cac
két qua nghién ctru duoc trinh bay trong luan an 1a trung thuc, khach quan va
chua timg duoc tac gia khac cong bo.

T6i xin cam doan rang moi sy gitp d& cho viéc thuc hién luan an da duoc cam
on, cac thong tin trich dan trong luan 4n nay déu duoc chi rd ngudn goc.

Ha No¢i, ngay thang 11 nam 2023
Tap thé hwéng din

Nguwoi hwéng din 1 Nguoi hwéng din 2 Tac gia luan an

TS.Ngd Hoang Huy ~ TS. Nguyén Thé Cwong  Hoang Vin Quy



ii
LOT CAM ON

Véi tinh cam chan thanh va long biét on sau sac, t6i xin tran trong gui loi
cam on t6i Ban Lanh dao Dai hoc Dién lyc clng céc thay cb gido tham gia
giang day da cung cap nhiing kién thirc co ban, chuyén mén sau va da giap 4o
t0i trong qué trinh hoc tap nghién cuu.

Pic biét t6i xin bay to 10ng biét on sau sic dén TS. Ngd Hoang Huy va
TS. Nguyén Thé Cuong nhiing nguoi huéng dan khoa hoc da tan tim giup do
va chi dan cho t6i nhitng kién thirc ciing nhu phuong phap luan trong sudt thoi
gian hudng dan nghién cau, hoan thanh luan an.

Xin cam on Ban Giam hiéu Truong Pai hoc Hong Drc, cac dong nghiép
tai Khoa Cong nghé thdng tin va truyén théng - Truong Pai hoc Hong Bic da
ludn dong vién giup d& toi trong cong tac dé tdi co thai gian tap trung nghién
ctru va thuc hién luan an.

Dic biét toi xin bay to 10ng biét on sau sic téi Cha, Me, Vo, Con va cé4c
anh, chi em trong gia dinh, nhitng ngudi luén danh cho ti nhitng tinh cam nong
am va sé chia nhiing Iic kho khan trong cudc song, luén dong vién giup d& toi
trong qua trinh nghién cau. Luan an cling 1a mon qua tinh than ma tdi tran trong
gui ting dén cac thanh vién trong Gia dinh.

TOi xin tran trong cam on!

Tac gia luan an

Hoang Vian Quy
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1
MO PAU
1. Tinh cp thiét caa dé tai

Véi su phat trién caa cong nghé Internet va su pho bién caa céc thiét bi ky
thuat sb, viéc chup anh hodc trich xuét déi twong trong anh ma ching ta quan
tam da trd nén dé dang va tién lgi. Thuc té 1a sé lwong anh duoc tao ra hang
ngay trong cudc séng cua ching ta 1a rat 16n. Cac co sé di liéu hinh anh nay
duoc st dung dé cai thién hiéu suat xu ly thdng tin trong cac ung dung théng
minh, phuc vu cho nghién cau va cudc séng hang ngay.

K§ thuat tra ciru anh dwa vao noi dung (CBIR) da duoc phat trién dé tim
kiém cac hinh anh c6 lién quan tir co so dit liéu dua trén doi twong hoac ndi dung
cua hinh anh dau vao. Pay 1a mot bai toan duoc ap dung rong rai trong linh vuc
thi giac may tinh va mang lai hiéu qua kinh té trong nhiéu tng dung, chang han
nhu: tim kiém khuén mat, van tay, hinh anh y té, k§ thuat hinh su, thuong mai
dién tir va nhiéu tng dung khéc.

Cac hé théng CBIR c6 do chinh xac phu thudc vao hai yéu td: (1) Cac dac
trung biéu dién ndi dung anh; (2) Cac phuong phap tra ciru va xép hang két qua
tra vé theo anh truy van.

Cac yéu t6 nay tuong tng véi 2 pha caa hé thong CBIR: ¢ pha ngoai tuyén
la trich rat cac dic trung anh trong co sé dir lidu dé tim ra mot biéu dién pho
hop dudi dang vector dic trung D chiéu; & pha truc tuyén 1a d6i sanh vector
dic trung anh truy van véi co s& dit liéu vector dic trung anh, sap xép thtr hang
cac anh c6 do twong tu cao nhat (hoic 1a sap xép thtr ty anh theo thir tu tir thap
dén cao cua do do “khong twong tu” nhu cac dd do khoang cach) va sau do tra
vé tap anh két qua.

V& céc dic trung biéu dién noi dung anh: Trich rat dic trung va biéu dién
anh trong pha ngoai tuyén 14 giai doan co ban va quan trong trong céc hé thong
CBIR. Liang Zheng va cé4c cong sy [129] d4 chi ra néu anh duoc biéu dién boi

cac dic trung “t6t” c6 thé gidp cai thién do chinh xac cua tim kiém tuong tu 18n
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t6i 51,3%. Trong nhiéu thap ky qua, mot loat cac ki thuat trich rat dic trung
dugc dé xuat va nghién ctru dé tim ra cac biéu dién hinh anh phong pha va day
da hon vé mat ngir nghia, nhung nd van con 1a mot thach thic trong céc tng
dung CBIR. Bé thu hep khoang céach ngir nghia [89], viéc sir dung mang hoc
sdu dé trich xuét dic trung anh d3 mang lai hiéu qua dang ké. Trong nhirmg nim
gan day, voi sy phéat trién manh mé& cua mang hoc sau (Deep Learning -
DL)[55], c4c hé théng CBIR dua trén hoc sau da duoc trién khai va co do chinh
X4c rat cao [18, 50]. Cu thé, cac md hinh hoc sidu nhu mang CNN
(Convolutional Neural Networks) nhu VGG, ResNet, Inception va
EfficientNet,... da duoc st dung dé trich rit cac thanh phan vector dic trung
quan trong hon trong anh [26, 36, 124].

Vé cac phuong phap tra ciru va xép hang anh: Céc hé thong tra ctru anh
st dung cac do do tuong tu dé so khép cac diac trung ndi dung caia anh truy van
véi dac trung co trong co s dir liu hinh anh. Ngay véi ca nhitng dac trung
"tot" thi cac d6 do twong tu van dong vai trd quan trong dé ting duoc do chinh
xé&c. Trong cac nghién cau [40, 78, 79] cho thay, cac hé théng CBIR st dung
cac dic trung CNN déu dung d6 do khoang cach “truyén théng” (vi du: Khoang
cach Euclide, do do twong tu Cosine...) dé danh gia su gidng nhau caa hai hinh
anh dan dén do chinh xéc caa tim kiém d6 twong tuy khong nhu mong muén [3,
35]. Cac do do khoang cach truyén thong chi nam bat duoc su twong tu giira
hai hinh anh & mac cuc bo hoac khoang cach & muc cuc bd ma khéng xem xeét
d6 tuong tu gitta mot nhdm céc hinh anh twong tu duoc phan b trong khong
gian “da tap”.

Dé khac phuc cc han ché trén va kham pha cau tric phi tuyén tinh cua dix
liéu dic trung anh, cac phuong phap xép hang da tap [39, 114, 115] duoc dé
Xuit trong CBIR di st dung cac do do khoang cach phi Euclide (nhu khoang
cach tric dia) véi cach xem cac mau dit liéu nam trén nhiéu khong gian da tap
con khéac nhau va st dung mé hinh d6 thi dé wéc lugng khoang céch trong
khong gian da tap nay.
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Xép hang da tap (MR) [125,126] mot phuong phap xép hang dwa trén d6
thi, phuong phap xép hang mau dix liéu nay khdng chi dya trén thong tin cuc
bo giita cac cap diém dir liéu ma con dya trén cau trdc tong thé cua toan bo di
licu. Thay vi chi xem xét do tuong tu gitta tirng cap diém dix liéu, MR xem xét
toan bo khéng gian dir liéu dé dua ra diém sé xép hang. Diéu nay gilp xép hang
cac mau dir liéu theo mot cach co y nghia hon, dya trén muac do lién quan ngi
nghia tong thé.

Piém s6 xép hang twong ddi ndy khdng chi phan anh sy gidng nhau gita
cac mau dix liéu ma con phan anh vi tri cia chiing trong khong gian dit liéu da
tap. Piéu ndy rat hitu ich trong cac tng dung nhu tim kiém dya trén noi dung,
noi ma muc dich 13 tim ra cac mau dit liéu ¢ lién quan ngir nghia cao.

Do kha nang da dang caa MR, trong nhitng nam gan day phuong phap nay
dugc ung dung trong cho cac van dé khac nhu tai nhan dang ngudi [6], tim
kiém su trong dong cua tai liéu [105], xép hang trang Web [104], xac dinh méi
guan hé hda hoc dinh lugng [87], phat phat hién diém ndi troi trong anh va tra
ctru anh [51, 92, 110] va dong phan doan dbi tuong [77]. Mot s6 phuong phap
dwa vao xép hang da tap trong CBIR tiéu biéu nhu: Tra cttu anh dya vao noi
dung voi xép hang da tap nhanh (FMR-Fast Manifold-Ranking for Content-
Based Image Retrieval) [41], Tra citu anh dua vao xép hang da tap mo rong
(SMR-Scaling Manifold Ranking Based Image Retrieval) [33], Tra citu anh véi
xép hang da tap khong dong nhat (HMR-Heterogeneous manifold ranking for
image retrieval) [114], tra cttu anh véi xép hang da tap hiéu qua (EMR- Efficient
manifold ranking for image retrieval) [115], Tang cudng phan héi lién quan dai
han trong CBIR véi t6i wu hoéa mé rong d6 thi con (SGR - A scalable sub-graph
regularization for efficient content based image retrieval with long-term
relevance feedback enhancement) [122], tra ciu anh dua vao néi dung véi mé
hinh xép hang dua trén do thi mé rong (EMR: A Scalable Graph-Based Ranking
Model for Content-Based Image Retrieval) [116].... Cac phuong phap xép
hang da tap ké trén tuy kham phéa dwoc cau tric phi tuyén tuyén cua di liu
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nhung d6 chinh xéc trong tra ctru chwa cao do thiéu su da dang trong cac phuong
phap biéu dién anh bang dic trung duoc trich rt tir mang hoc sau cua dir liéu
anh (chi yéu cac dé xuat déu dung dic trung murc thap).

Han ché cua cac phuong phap xép hang da tap hién tai khi &p dung cho
bai toan tra ciru anh dua trén noi dung:

i. Viéc xay dung do thi caa cac diém dir liéu dwa vao d6 thi K-NN 1
khong kha thi véi di liéu quy mo 1on [115].

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

iii. Lua chon cac diém neo chat luong bang cac thuat toan phan cum dya
trén tam (nhu Fuzzy C-Means, phan cum Gaussian Mixture Model) trén cac
tap di liéu 16n c6 sb chiéu vector cao rat kho khin, trong khi phan cum K-
means thi khong biéu dién duoc truong hop mot vector dic trung co nhiéu
hon mét 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 gitta 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 bai cac thuat toan phan cum dua trén xac dinh
tam cum nhu FCM mdi tro nén kha thi trong quéa trinh ngoai tuyén (offline)
xay dung cac do thi quan hé ké.

Trong luan an ndy, thuat ngit “xép hang da tap” 1a k¥ thuat xép hang nham
kham phéa cau tric phi tuyén tinh caa dit liéu da tap va duoc hiéu 1a phuong
phap xép hang cac diém trong CSDL theo thir tu 6 lién quan véi diém dix liéu
truy van duoc 4p dung trén tap co so dit lidu da tap.

Dé giai quyét cac han ché cua xép hang da tap trong tra ciu anh dua
vao noi dung, luan an chon dé tai: Nghién cizu cdi tién thugt toan xép
hang da tap trong tra ciru anh.



2. Muc tiéu caa luan an

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

Muc tiéu cu thé caa luan an:

Dé xuat dugc mot sb giai phap nang cao d6 chinh xac tra ciu anh theo tiép
can xép hang da tap bao gom:

- Nghién ctu cai tién noi tai cua thuat toan xép hang da tap hiéu qua EMR
vé6i phuong phap chon diém neo mai.

- Két hop dic trung muc thap va dic trung mac cao trong biéu dién anh
dé nang cao do chinh xac trong tra ctiu anh.
3. Poi twong nghién ciru caa luan an

Luan &n tap trung vao nghién ctu va tim hiéu mot s6 doi tuong lién quan
dén tra ctru anh nhur:

- Céc phuong phéap hién tai vé tra ctu anh dya vao noi dung.

- Phuong phép xép hang da tap trong tra ciru anh dya vao noi dung, cac
ky thuat va nhitng thach thic trong xép hang da tap.

- Céc k¥ thuat biéu dién anh véi dic trung muc thap, dic trung CNN va
két hop dic trung mic thap va dic trung CNN (déc trung anh dugc trich rut tur
mang hoc sau).

- K§¥ thuat lap trinh song song cho phan cum FCM cai tién va xép hang
da tap trén tap dix liéu 16n cd sb chiéu rat cao.

- Moi treong thuc nghiém, tap dir liéu anh thuc nghiém va phuong phap
danh gia d6 chinh x&c.

4. Pham vi nghién ciu

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

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

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

tién.
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- Nghién ctru trich rat dic trung anh tir mang CNN tién huan luyén, két
hop dic trung muc thip va dic trung CNN trong biéu dién anh véi sb chiéu rat
cao.

- Trong pham vi cuaa luan &n chi tap trung nang cao chat lugng tra ctu vé
d6 chinh xac, cac van dé vé thoi gian cho mét truy van ciing dugc xem xét &
khia canh c6 thé chap nhan dugc.

5. Cac déng gop cua luan an

Véi muc tiéu nang cao do chinh xac cua viéc tra ciru anh bang phuong
phap xép hang da tap, luan an dat duoc hai dong gop chinh:

Thir nhét, cai tién thuat toan xép hang da tap EMR bang céch st dung thuat
toan phan cum mo Ivdc-FCM dé tim diém neo. Trén co s& d6, dé xuat thuat toan
EMR-(lvdc-FCM) &p dung hiéu qua trong CBIR [CT1, CT2, CT4].

Tha hai, nang cao hiéu qua tra cau 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) P& xuit phwong phap tinh chinh mang CNN dé trich rt dic trung
trudgc khi két hop véi dic trung muc thap; (ii) Dé xuat thuat toan HD-EMR
dua trén cac diém neo ude luong bang FCM cai tién két hop ANN (thuat toan
LDM-FCM) dé tra ctiru anh khong can sir dung cac phuong phap giam chiéu
dit liéu [CT3, CT5, CT6].

Ngoai ra, luan an con dua ra bd dé mai vé tinh tong quét cua dir lidu da
tap trén cac tap hitu han vector, cung cap co sé Iy luan cho ang dung xép
hang da tap trong tra ciru anh theo noi dung. Trong qua trinh nghién ctru, luan
an dé xuat sir dung kién tric GPU dé thuc hién hiéu qua thuat toan phan cum
LDM-FCM.

6. Bo cuc cia luan an

Luan an duogc to chire thanh ba chuong:

Chuong 1: Tra ctiu anh dua vao noi dung va xép hang da tap trong CBIR.

Trong chuong nay gidi thiéu tong quan vé tra ciu anh dua vao ndi dung,
trinh bay xép hang da tap cho tra ciru anh, mot sé ly thuyét lién quan vé di liéu
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da tap va dd thi K-NN, tap dit liéu anh thuc nghiém va cach thirc danh gia do
chinh xac cua hé théng tra ciu anh.

Chuong 2: Nang cao d chinh xéc tra ciru anh véi xép hang da tap cai tién.

Trong chuong ndy, luin 4n dé xuat phuong phap tim diém neo cho thuat
toan xép hang da tap hiéu qua (EMR) bang thuat toan FCM cai tién (thay thé
cho phép tim diém neo bang thuat toan phan cum K-Means truyén théng), bén
canh d6 xay dung quan hé ké biéu dién mdi quan hé ké giira cac diém dit liéu
thong qua tap cac diém neo (1a tap thm cum) thu duoc tir phép phan cum FCM.
Trong chuong ndy ciing danh gia hiéu qua cua thuat toan FCM dé xuat trén mot
s6 tap dir liéu ¢ dang “da tap” véi cac chi khac nhau. Chuong 2 ciing dua ra
thuc nghiém cho hé thong CBIR trén cac tap dir liéu Corel30K, VGGFACE,
Flick-Logo.

Chuong 3: Nang cao hiéu qua tra ciru anh sir dung dic trung két hop muc
thap va mirc cao.

Trong chuong 3, luan an dé xuét tinh chinh mang EfficientNetB7 thanh
mang (mang EfficientNetB7+) trich rut dic trung biéu dién anh muc cao (dic
trung CNN). Bén canh d6 phan nay dé xuat két hop ky thuat EMR va ANN
trong CBIR, cai tién hiéu ning tinh toan song song trén céac tap dit liéu I6n, co
sb chiéu vector rat cao trong CBIR.

Cubi cuing, luan an dua ra mot s6 dé xuat va dinh hudng nghién ctu trong

tuong lai.
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Chwong 1
TRA CUU ANH DUA VAO NQI DUNG
VA XEP HANG PA TAP TRONG CBIR
1.1. Giéi thiéu vé tra ciu anh dwa vao ndi dung
Tra ctru anh dya vao ndi dung (CBIR) [57] thu hit rat nhiéu su chd y tir
cac nha nghién cau va dugc st dung nhiéu trong cong nghiép, thuong mai
trong nhirng nim qua do nhiéu wng dung hitu ich cua nd. Céc thuat toan tra
ctru anh thuong xay dung cac d6 do tuwong tu toan cuc gitra cac vector dac
trung biéu dién dbi tugng anh dbi sanh voi toan bo vector dic trung trong

CSDL.

o L4 -1
o | Y et

L I L ——

CSDL vector
dac trweng

Trich rat
dac trwng

CSDL anh

Pha ngoai tuyén

anh truy van

= Trich rat s e
e Gy = [ -
g * truy van

Két qua tra c(ru va xép hang + '

.98 0.96 0.95 0.92 0.11 0.05 Déi sanh dé
ﬁ | " twong tw
=1 I B L el
- khoang cach)

Pha trwc tuyén

Hinh 1.1. Hé théng CBIR truyén thdng [57]
Hé thong CBIR nhu Hinh 1.1 1a k§ thuat tra ctu anh duoc st dung dé tim

ra tap cac anh tuong tu nhat dbi véi anh truy vin ma ngudi ding dua vao. Mot
hé théng CBIR tiéu biéu duoc chia thanh hai pha: trich rat dic trung ngoai tuyén
va pha tra cau anh truc tuyén. Trong pha ngoai tuyén, hé thong trich rit tu dong
c4c thudc tinh truc quan & muc thap (low-level feature) hodc dic trung mac cao

(high-level feature) hoic cac loai dic trung duoc két hop véi nhau. Trong pha
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tra cau anh truc tuyén, nguoi diing cung cap mot anh mau cho hé thng tra ciu
dé tim kiém céc anh twong ddng mong muén (& day, do dai vectordic trung cua
anh tra ctru c6 cting d6 dai voi vectordic trung ctia anh CSD). Bé tra loi tra cau,
hé thong CBIR tim trong CSDL anh dé dua ra nhiing anh twong tu vai anh truy
van (nhu mé ta trong Hinh 1.2). Cudi cuing hé théng xép hang céc anh theo tht
tu tang dan cua khoang cach hay giam dan ciia d6 twong tir va tra vé tap anh két
qua cho nguoi dung.

Giao dién truc quan cho hé théng CBIR truyén théng nhu Hinh 1.3. Trong
hinh nay nguoi diing cung cap cho hé thdng anh tra ciu 1a logo cua hang Pepsi,

sau d6 chung ta thu thu duoc két qua tra vé bao gom 16 anh két qua tra vé.

Lyra chon

Chon tép di ligu ‘

Cung cp anh truy van

Chon anh

Tra ciru anh

S6 hwgng 4nh muén tra e 20

Tra clru

Hinh 1.3. Giao dién hé thong CBIR truyén théng

Trong hé théng CBIR truyén thong mot sé vector dic trung duoc trich rat



10

va thuong str dung nhu vector dic trung mau sic, vector dic trung két cau,
vector dic trung hinh dang (viing va duong vién).... C4c vector dic trung nay
duoc ding trong c&c hé théng CBIR duoc chia thanh hai nhém: nhém vector
dic trung toan cuc mo ta toan bo hinh anh [88] (nhu vector dic trung mau, két
cau, hinh dang), nhém con lai 1a vector dic trung cuc bo chia anh thanh cac
vung nho hon [81].

1.2. Biéu dién anh bing vector diic trung

Vector dic trung biéu dién anh 1a c4c thudc tinh dwogc trich rdt ra tir anh
dua trén phan phdi ciu triic, dbi twong co6 trong anh, tir d6 tong hop cac dir liéu
riéng lé dé xac dinh thong tin c6 thé do ludng dugc khi quan sat, phan tich tinh
hudng tir dit liéu hinh anh. Phuong phap trich rat dic trung va biéu dién dac
trung dé thé hién mot cach riéng biét va doc 1ap 12 yéu cau quan trong va quyét
dinh muc do thanh cong ciia cac phuong phap nhan dang mau, hoc may, phan
loai hay trong tra ciu anh...

Trong [30] trich rat dic trung anh duoc hiéu 1a qua trinh bién doi dit liu
anh tho ban dau quan sat dugc thanh cac tin hiéu hoic dit liéu ¢ nhiéu thong
tin hon dé biéu dién va xir Iy hiéu qua hon so véi dit liéu anh tho ban dau, mang
duogc nhiéu y nghia, giir lai nhitng théng tin quan trong phuc vu cho viéc phan
tich va xtr Iy nglt nghia hon. Trich rat dac trung cho phép anh xa anh tir khong
gian anh sang khong gian dac trung. Hiéu qua tra ctu anh phu thugc vao kha
nang mod ta ndi dung anh cho cac ung dung cu thé. Khéng ton tai cach biéu dién
t6t nhat cho cac dic trung thi giac vi mdi dic trung co6 thé c6 nhiéu cach biéu
dién theo céc ngit canh khac nhau. Ching han, dic trung mau c6 thé dugc biéu
dién boi biéu d6 mau va mé men mau; dic trung hinh dang cé thé biéu dién boi
biéu dd hé s6 goc va GIST; dic trung két cau co thé biéu dién boi ma nhi phan
cuc bo va bién doi wavelet.

Trong thyuc té, do anh dau vao c6 thé duoc thu nhan va sé hoa trong céc
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diéu kién khac nhau (anh sang, moi truong, goc thu nhan,...) nén céc dic trung
trich rat thuong thoa man mot sé tinh chat bat bién nhu: Bat bién vai phép ti 16
(scale invariance); bat bién voi phép xoay (rotation invariance); bat bién véi
anh sang (intensity invariance); giau théng tin; tinh chinh xac (accuracy); hiéu
qua (efficiency); bén viing véi nhiéu,... Mot thuat toan (hay ky thuat) dung dé
trich rat cac dac trung anh duoc goi la bg trich rut dac trung (feature extraction).

C6 nhiéu phuong phap trich rat cac dic trung khong chi dua trén toan bo
anh ma thong qua cac ving duoc tach ra tir anh. Sharif va cong su [86] dé xuét
mot hé théng CBIR phu thudc vao viéc hop nhat céc tir truc quan (visual words)
ma dugc tao ra tur dac trung SIFT (scale invariant feature transform) va BRISK
(binary robust invariant scalable keypoints). Yousuf va cong su [120] thuc hién
mot hé thong CBIR dya trén SFIT va LIOP (local intensity order pattern). Viéc
st dung dic trung SIFT trong CBIR cho hiéu qua kém khi s6 chiéu dic trung
SIFT Ia rat 16n. Herbert va cong su [7] dé xuat dic trung SURF (speededup
robust features) 1a mot bo md ta cuc bé manh khac ma vuot qua gigi han vé sb
chiéu cao ciia SIFT. SURF nhanh va manh hon SIFT vi né yéu cau it thoi gian
dé tinh toan va ddi sanh cac anh thong qua st dung co ché danh chi s6 dua trén
tin hiéu Laplacian. Jabeen va cong su [49] dé xuat mét 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 sé cua BoVW. Sau d6, phan cum K-means dugc
ap dung trén cac tir truc quan d6 dé tinh toan mot luge dd cho cac tir cia mdi
anh.
1.2.1. Diic trung mirc thdp cia danh

Pic trung mau sic

Dic trung mau sic duoc rat nhiéu hé théng tim kiém hinh anh dya trén
noi dung nghién ciu va sir dung. Pac trung mau sic 6n dinh va hau nhu khong
bi anh huong boi viéc dich chuyén, ty 1é va xoay hinh anh. Pong thoi, mau sic
c6 quan hé véi cac dbi tuong anh, nén, cho biét su thay doi trong vi tri, thoi

gian... C4c biéu dién mau pho bién 1a lugc do6 mau, md men mau, tuong quan
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mau va ma tran dong hién mau.

Tay muc dich cia phuong phap truy van, cac nhém nghién ciu cé thé sir
dung cac khong gian mau khac nhau nhu phuong phap st dung khéng gian mau
YCDbCr véi biéu @6 canh Canny va bién d6i Wavelet roi rac [5], phuong phap
str dung biéu d6 chénh Iéch mau CDH (Color Difference Histogram) trong
khdng gian mau HSV [72],... Biéu &5 mau (Color Histogram) [16] 1 su md ta
su bién d6i mau sic trong mot anh. Biéu d¢6 mau cuaa anh bat bién véi huéng va
chi thay d6i dan theo gdc nhin. Tuy nhién, biéu d6 mau khéng nim bat duoc
mbi quan hé khéng gian cia cac ving mau va kha ning phan biét bi gisi han.
Do d6, m6é men mau duoc st dung d6 léch chuan va gia tri trung binh cia cac
phan phdi trong mdi dai mau cho muc dich 1ap chi muc mau trong cé4c tng dung
truy xuat anh dé so sanh su giong nhau vé mau sic giita hai anh giéng nhau
[53,102].

RGB Histogram
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color

g
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Pixel Intensity

Hinh 1.4. M0 ta biéu @6 mau caa anh
Pic trung két cau
Két cAu 1a mot dic trung anh quan trong dé mo ta cac thudc tinh bé mat
ciia mot doi tugng nhu d6 min, do tho, d6 sau,... va mbi quan hé cua né véi cac
ving xung quanh nhu sy thay doi do sdng cuc bo trong mét viing 1an can, sy
sap xép khong gian cia cac mic xam,... [74]. Nhiéu phuong phap tim kiém anh
theo noi dung (CBIR) dya trén két cau dugc dé xuat. K§ thuat phan tich két cau

thdng ké chu yéu md ta két cdu cua céc ving trong anh dua vao biéu dd muac
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xam [74]. Ma tran ddng xuat hién mac xam GLCM (Gray-level co-occurrence
matrix) 1a mot trong nhitng k¥ thuat dugc nhidu nhém nghién cau st dung dé
phan tich két cau hinh anh [34]. Bén canh d6, biéu d6 dinh huéng Gradient
HOG (Histograms of Oriented Gradients) va mau nhi phan cuc bo LBP (Local
Binary Patterns) [72] Ia hai bo mé ta két cau vai sb chiéu nho dugc st dung
phd bién trong trich xuét dic trung. Cac phuong phap tiép can cau tric nham
xac dinh két cAu nguy@n thiy va cac quy tic sip xép nhu phat hién bién voi
LoG (Laplacian of Gaussian) hay DoG (Difference of Gaussian) [15] nhim
phan doan hinh anh. Cac phwong phap tiép can theo cau trdc thudng duoc st
dung cho cac két cdu thong thuong vi tinh déu dan, lap lai dinh ky trong két cau
v6i mot sb quy tac sip xép, thuong doc 1ap vai cac phép bién doi hinh hoc nhur
phép tinh tién, phép quay va phép chia ty 1&. Tuy nhién, cac phuong phap nay
thuong dung cho muc dich tong hop hon 1a muc dich phan tich, do chiing khong
duoc sir dung cho cac két cau c6 mie ¢ ngau nhién cao. Cac phuong phéap bién
d6i thé hién mot hinh anh trong mot khdng gian ma hé toa do cua né lién quan
chit ché dén cac dic trung cua két cau nham phan doan hinh anh [74] nhu: bién
d6i Fourier phan tich noi dung cia két cau theo mién tan so, phép loc Gabor va
phép bién d6i Wavelet phan tich noi dung cua két cau ca trong mién tan s6 va
mién khéng gian. Nhu vay, ¢6 nhiéu ky thuat khac nhau dé trich rat dic trung
két cau cap thap cia hinh anh. Tuy nhién, dic trung két cau do nhay véi nhiéu
anh va ngir nghia phu thuoc vao hinh dang déi tuong anh. Do d6, cac xu hudéng
gan day thuong két hop dic trung két ciu voi dic trung hinh dang cho bai toan
tim kiém anh theo ngir nghia.

Pac trung hinh dang

Hinh dang 1a mét dic trung cap thap nham nhan dang di twong trong hinh
anh, on dinh voi nhiing thay d6i vé anh sang, mau sac va két cau [16]. Tim
kiém anh theo dac trung hinh dang c6 d6 chinh xac tét véi cac dic trung nho

gon, d phuc tap tinh toan thap. Céc k¥ thuat biéu dién va mé ta hinh dang c6
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thé duoc phan thanh hai loai: phuong phéap dua trén duong bién va phuong
phap dua trén vung.

Céac ky thuat trich rat dac trung dua trén duong bién ctua hinh dang nhu
phuong phap chia nho duong bién cua hinh dang thanh cac doan nho va dua
trén cac dic diém hinh hoc cua né [15] nhu tao thanh chudi dic trung, dua
trén phép loc Sobel, phéat hién canh Canny, hay phat hién bién véi duong cong
Bezier va duong cong B-spline,... Trong phuong phap dwa trén ving, tat ca
cac pixel trong mot ving hinh dang duogc tinh toan dé biéu dién hinh dang,
véi cac ky thuat [15] nhu: bién d6i Wavelet dé phan ving cac dic diém tuong
ty nhau trong anh, bién d6i Hough cho tung diém canh trén céac hinh dang bi
bién dang va nhidu, mdé men Zernike trich xuat thong tin toan cuc caa hinh
anh, md men Pseudo-Zernike bat bién va it nhay cam v&i nhiéu hon mé men
Zernike,... Cac thyc nghiém véi phuong phap trich rut dac trung dua trén
viing cho thay su vuot troi hon so v&i phuong phap dua trén dudng bién, do
no6 sir dung hiéu qua tat ca thong tin pixel trong ving d6i tuong, tuy nhién,
cling vi thé ma phuong phap nay co kich thuéc 16n va phuac tap vé tinh toan
hon.

Bang 1.1. Bang mo ta ki hiéu va dic tinh ciia cac dic trung mic thap

(LF- Low level features) dwoc sir dung trong cac thwc nghiém caa LA

Cac mo ta Kiéu dic trung S6 chiéu vector dic trung
GCM Color 81
LBP Texture 59
GWT Texture 120
EDH Shape 37
GIST Shape 512

Thong thuong dé nang cao hiéu qua trong CBIR, gan ddy c4c nghién cau
da st dung két hop cac dic trung muc thap vé ca mau sac, két cau va hinh dang
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dé tao thanh bo md ta dic trung nhu: két hop giita dic trung mau sic dya trén
biéu d6 mau HSV va dic trung két cdu duoc trich xuat bang Bién doi Wavelet
roi rac DWT (Discrete Wavelet Transform), bo mé ta biéu do bién EDH (Edge
Histogram Descriptor) [31]; str dung khong gian mau RGB, GLCM dé trich rat
cac canh va goc cua hinh dang ddi tuong [72]; két hop md men mau, Gabor
Wavelet va bién d6i roi rac Wavelet, cling véi bo mé ta huéng mau va canh
cho dic trung cap thap [5],... Cac nghién ciru ndy cho thay hiéu qua ctia phuong
phap tim kiém anh véi bo dic trung két hop vuot trdi hon so véi cac phuong
phap chi sir dung mat loai dac trung.

Trong luan an nay, phuong phép trich rdt va két hop cac dic trung mau
sac, két cau va hinh dang dugc dé xuat voi bang md ta cac dac trung két hop,
sb chiéu vector cac dic trung muc thap dugc sir dung theo Bang 1.1.

1.2.2. Ddc truwng muc cao cua dnh

bac trung CNN

Hiéu qua tra cau anh sir dung biéu dién dic trung muc thap nhu trén (goi
1a cac dic trung thi cdng - handcraft) 12 rat han ché bai vi nhimg dic trung thu
cong nay kho c6 thé md ta ngir nghia cua anh, khéng thé tan dung hiéu qua cac
viing noi troi va thuong bé qua cau trdc khdng gian cua hinh anh [119].

Trong thoi gian gan day, cac hé théng CBIR di ap dung cac dic trung
duoc trich rdt tir mang hoc sau dé cai thién kha niang tra ctru anh [50]. Viéc nay
d3 gop phan tang tinh chinh xac va do tin cay trong qua trinh tim kiém cac hinh
anh tuong tu tir co so dit liéu. Trong cach tiép can hoc sdu, mot mé hinh cd thé
xu ly dit liéu anh géc va tu kham pha ra dic trung tot théng qua qua trinh hoc.
Trong [103] md hinh mang no-ron tich chap (CNN - Convolutional Neural
Network) duogc sir dung dé trich rat dic trung cho mdi anh, gidp cai thién viéc
tra ctu anh tuong tu v4i anh truy van tét hon. Mo hinh bao gom céc 16p tich
chap (convolutional layer), cac 16p gop (pooling) va lop két ndi day du (fully
connected layer). Céc 16p phia trude thuong l1a cac 16p tich chap két hop véi
cac ham kich hoat phi tuyén va 16p pooling (dugc goi chung la ConvNet), do
vay, dau ra & 16p gan cudi cung truéce khi chuyén qua 16p két ndi day da co thé
duoc coi 1a vécto dic trung hitu ich. Lop cudi cling 1a mot mang no-ron két noi
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day du va thuong 1a mot ham softmax. Desai va cong su [24] da dé xuat mot
phuong phap CBIR dua trén VGG16 dé trich rat dic trung két hop phan 1op
SVM, phuong phap nay dugc thuc nghiém trén tap dix liéu Corel10K va chi ra
d6 chinh xéc trong tra ciru tét hon. Trong c4c nghién cau [35, 84] da danh gia
toan dién vé cac mang hoc sau duoc sir dung trong CBIR, cong trinh da dé xuat
st dung cac mang hoc sau nhu: MobileNet, Xception, DenseNet,
InceptionResNet, EfficientNet-B1 trén cac tap dir liéu Correl, Inria Holidays
cho d0 chinh xac vuot troi.

Vi viéc sir dung cac mang CNN hién dai, ching ta c6 thé trich rat céc
dac trung phuc tap va c6 y nghia trong mét tap dix liéu lon. Tuy nhién, mét
van dé véi viéc st dung cac dic trung CNN 1a chiing thuong rat phuc tap va
c6 sb chiéu 16n diéu nay c6 thé gay ra van dé vé téc do xir Iy va bo nhé khi
str dung cac dic trung nay trong cac hé thong CBIR. Do d6, mot s6 nghién
ctru di tinh chinh c4c mang CNN dé giam sb luong tham sé va kich thuéc
ctia cac dic trung, hoic st dung mot sé 16p tiém an dé trich xuat cac dic
trung muc cao hon ma van giam dugc sé luong tham sé va kich thuéc cua

cac dac trung.

Tién huén luyén trén ImageNet

6 rys [0 7 P 17 6 T
YaRPOGeHe B gﬁr.

L T Ac KBS - | 7

. - -'.t:: Classification layer
o R AlE AN — T & @
B s 234

-

: . % =5 Fully connected
> LD Y o Futy connedt
|
ll"u.um'lcl Transferring
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Hinh 1.5. M hinh trich rat dic trung anh bing mé hinh hec sau [76]

ImageNet (~1.2M images)

Hoc bléu dién anh trén tép d liéu muyc tiéu

Target domam dataset

Hinh 1.5 12 md hinh thuat toan biéu dién dic trung anh duoc trich rat dya vao

mang hoc sau CNN tién huan luyén thu duoc tap dic trung muc cao cia anh.
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Cac phuong phap tra ctru anh theo noi dung sir dung céc vector dic trung
muc thap, vector dic trung mirc cao (dic trung CNN) hodc két hop nhiéu loai
vector dic trung ké trén c6 thé nang cao do chinh xac, tuy nhién ching kha tén
thoi gian dé xtr Iy do s chiéu cua vector dic trung thu duoc kha I6n va van gap
phai van dé khoang cach gitra dic trung muc thip vai cam nhan truc quan cua
con nguoi khi mé ta noi dung anh. Mat khac cac vector dac trung anh thuong
tao thanh cac da tap con trén cac da trong toan bo khéng gian dac trung anh
[106], do vay khi d6i sanh anh theo véi cac do do khoang cach nhu thong
thuong sé khong dem lai hiéu qua va d6 chinh xac cao.

1.3. Dir liéu da tap
1.3.1. Cac khai niém da tap

Khai niém da tap duoc hiéu nhu sau [8, 56]: Mot da tap tpd n chiéu [a mot
khéng gian tdpd ma mdi diém c6 1an can dong phdi véi tap con ma ciia R" , ndi mot
cach khéc, 12 khong gian t6po tach dugc véi mdi diém cia nd cd mot 1an can dong
phéi voi mot tap mé trong khdng gian Euclide n chiéu. Nhu vay cd thé hiéu: Pa tap

chinh la khai niém toan hoc mé rong cua duong va mat.

Mé phong dir du Swiss-roll M3 phdng oF By Mosn

Dai Mobius la mot da Cudn gidy Thuy Si 2-moon 1a da tap
tap hai chiéu (Swiss-roll) 1a da tap 2 chieu
2 chiéu

Hinh 1.6. M0 phéng cac khong gian da tap [56]
Vi du 1:


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
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{(x, f())|xeR}cR", § d6 f:R—>R"* la mot anh xa lién tuc, la mot da
tap con 1 chiéu cua R".

Mo rong hon voi V1<k<n-1:

[ X £ e X)) (X X) € R S R" 56 £ 2R > R™* lamot dnh xa
lién tuc, 1a mot da tap con k chiéu cua R".

Vi du 2:

Néu M; va M, 1a cac da tap c6 s6 chiéu la my va m, tuong ung (my, mz > 0)
thi M,xM, ={(X,,X,)| X, e M, X, e M,} la mot da tap my+m, chiéu (tinh chat nay

suy ra tryc tiép tir dinh nghia cta da tap).

—10

>
o -5 4V
X Labe/ 10 %0 “io

Hinh 1.7. Anh truc quan tich cia 5 da tap Swiss-roll; 2-moon; S-curve;
friedman3; Gaussian_quantiles (so6 chiéu 20) dwec chiéu xudéng R®
Trong ly thuyét giai tich thuc nhiéu bién, cac da tap thuc chiéu duong
duoc dic trung béi dinh ly quan trong sau cua Whitney:
Pinh Iy Whitney: Bat ky da tap m chiéu thyuc tron (m > 0) cd thé nhing
tron trong khong gian thuc 2m chiéu 1a R?™ [73].

Dinh ly nay cd thé xem 1a co s Toan hoc caa phép giam chiéu dir liéu caa

mot da tap con cua R™ (m>1), véi sé chiéu k nao do, 1<k < [%} :

Tur dinh Iy Whitney va xem xét phan bo déi véi tap hitu han dix liéu vector,
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luan &n phat biéu va chirng minh bo dé sau:
Bo dé 1: Moi tap hitu han n vector m chiéu, moi s6 nguyén dwong
m

d: 1<d s[ﬂ va M ={x =(%;)},} =R" (m>1) thoa méan

X # X, Vi= j,vi<k <d (¥)thi ton tai mot da tap d chiduD < R":x, € D Vi=1n.
Chang minh: vk: 1<k<d-1, xét da thic ngi suy Lagrange bac n-1 ng

véi cac cap giatri {Xi,k’xi,kw};:

P.(x)= Zx|k+dH Jk)

k(Xi,k+d):PK(Xi,k) vi<i<n
j#i Xj,k)
V6 vl,2d<l<m:

Xét (m-2d+1) da thirc Lagrange bac n-1 (ng vai cac cap gia tri { L4 ,I}n )

n+1

P (X) = ZX”H - ) = P, (%4)=%, Viil<i<n,
j#i In
Vay tap vector {xi =(x j)}KisnKjgm <D,

V6i D={(tttyty)

d-1
tg=R (t) Visk<d1) _ m
(P (t) VIz2d } = (H ijx Dy <RV,

O d6 D, ={(t, Pt )}t eR¥Vk=1d -1, va

D, :{(td :{Pd,l (td)}l=2d )}ltd eRVk=1d-
Do vkai<k<d-1, Dy Ia mot da tap mot chidu va Dy ciing 14 mdt da tap

mot chiéu, nén D 1a da tap d chiéu va hién nhién {x =(x,)}

isn<jen
Nhdn xét: Khi M khong thoa mén diéu kién (*) thi ta c6 thé cong d thanh

phan dau tién caa cac vector thuoc M vai mot sé ngau nhién rat nho thudc tap

(e la, ~01<isnlsk<d}déx, +&, #X, +&, véi Vizjl<ij<n 1<k<d.

Vi vay diéu kién (*) cia bo dé khéng lam giam tinh tong quat cta tap n vector

dir liéu phan biét M.

1.3.2. Dt liéu da tap
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Theo B dé 1 moi tap hitu han vector di liéu déu nam trén mot da tap Voi
s6 chiéu mong muén, do vay dé xay dung d6 do twong tu trén tap vector dit liéu
phirc tap ta c6 thé van dung tiép can xay dung cac d6 do khoang céach trén da
tap. Cac do do nhu vay sé thay thé cho do do khoang cach Euclid dé thich ¢ng
véi cau trdc noi tai caa CSDL anh, pht hop véi su twong tu ngit nghia hodc van
dung cé4c thuat todn giam chiéu dix liéu dé ting do phan biét cua tap vector dix
lidu.

Do bo dir liéu vector hitu han ludn tim dwgc rat nhiéu da tap chaa no,
nhung dé xac dinh mot da tap vai chiéu thap c6 cau tric on dinh (tic 1a du bd
sung thém mot s6 vector mai khi s6 lugng anh ting 1én thi cau trdc cua da tap
van khong bién doi) thi van dé lai khong don gian. Diéu nay giy khé khian cho
cac phuong phap hoc da tap, tham chi ngay ca viéc udc lugng chiéu phil hop
cua da tap dua trén dit liéu ciing phat sinh nhiéu van dé [22, 94]. Trong nhiéu
truong hop dé van dung phép giam chiéu dix liéu theo tiép can hoc da tap, cac
nghién cau ludn gia dinh trudc rang tap di liéu tuan theo mot gia thiét da tap:

Vi tap diz liéu da cho, ton tai mét biéu dién dir ligu ¢ sé chiéu thdap hon
dwoc nhling trong mét khdng gian ¢6 sé chiéu cao hon [14, 32, 93].

Nhu vay, mot "da tap" duoc hiéu 1a mot khdng gian con ma tai mdi diém
cuc bd, dir liéu c6 thé duoc xap xi bang mot khong gian Euclide. Gia thiét da
tap 1a nén tang cua nhiéu thuat toan giam chiéu dir liéu, nhu phan tich thanh
phan chinh (PCA), t-SNE, va LLE. C4c thuat toan nay hoat dong duya trén gia
thiét rang du dix liéu c6 thé ton tai trong mot khdng gian co sé chiéu rat cao (vi
du nhu hinh anh, &m thanh, hozc dir liéu biéu hién gen...), nhung cau tric thuc
su cua dit liéu co thé duoc biéu dién trong mot khong gian c6 sé chiéu thap hon
ma & d6 cac quy luat hinh hoc Euclidean van ap dung.

Nhdn xét: Phan 16n céc hinh anh 1a "nhiéu": Trong mot bo suu tap 16n cac
hinh anh, da sb c6 thé khdng mang théng tin hitu ich hoic khong lién quan dén

muc tiéu cy thé cia mot nhiém vu nhu phan loai hoic nhan dang.
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Céc hinh anh "c6 y nghia" thuong tao thanh mét da tap trong khdng gian
cua tat ca cac hinh anh: Nhiing hinh anh nay khéng phan bé mét cach ngau
nhién trong khong gian da chiéu ma thay vao d6, chling tao thanh mot cau trlic
duoc goi la da tap.

Cac hinh anh ctia mot 16p cu thé nam trén cac da tap bén trong da tap do:
Mai 16p hodc danh muc cu thé caa hinh anh (vi du cac hinh anh trong tap CSDL
Corel chu @& vé chau Phi, cac hinh anh vé sinh hoat, phong canh, séng duoc
cho 1a thuoc mét 16p nhung thyuc té duoc phan bd & cac da tap khéac nhau) c6
thé duoc mo ta boi cac da tap riéng biét caa ching trong khdng gian tong thé
cua da tap "c6 ¥ nghia". Piéu nay nghia 1a trong khong gian da chiéu cua tat ca
hinh anh "c6 ¥ nghia", trng nhém hinh anh lién quan dén mot chu dé cu thé sé
tao thanh mét da tap nho hon va phan anh méi quan hé va dic diém chung cua
ching. Hinh 1.8 biéu dién cac anh c6 y nghia thuong nam trén cac da tap trong

khdng gian toan bo anh.

Hinh 1.8. Anh c6 y nghia nim trong cac da tap con
trong khong gian hinh anh
Cac loai dic trung muc thap va dic trung mic cao két hop trong biéu dién
anh (Mau, két cau, hinh dang va dic trung CNN)- Khi két hop thanh dic trung
muc thap c6 so6 chiéu 809D, dic trung CNN 2560D dugc bo vector dic trung
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mo ta anh c6 s6 chiéu rat cao (3369D) thuong rat kho sir dung do do khoang
cach Euclide dé do mirc d6 lién qua ctia vector anh truy van véi cac vector dic
trung trong CSDL, do d6 can van dung cac ky thuat do do twong tu trén da tap
dé xay dung d6 twong dong do mirc do lién quan cap anh.

Céc k¥ thuat hoc da tap khéng gidm sat xir ly dir liéu khong ¢6 nhan nhu:
Chiéu bao toan cuc bo (LPP - Locality preserving projection) [42], Isomap [94];
Nhing lang giéng phan tan ngiu nhién (t-SNE: t-Distributed Stochastic
Neighbor Embedding) [22]; Nhang tuyén tinh cuc bo (Locally Linear
Embedding -LLE) [82] nham giam sé chiéu caa dir liéu tir khong gian ban dau
xuéng céc chiéu thap hon, giit lai cau trdc va méi twong quan quan trong gidp
nguoi ding hiéu va kham pha dir liéu mot cach hiéu qua va tao ra cac biéu dién
truc quan dé nghién ciru dit lidu da tap. Nhung cac phuong phap déu gap nhiing
van dé nhu: xac dinh s chiéu giam 1a bao nhiéu, danh doi gitra théng tin va sd
chiéu dix liéu, bén canh d6 cac phép hoc da tap kha phirc tap, chwa khai thac
tinh 1an can cuc bo cta cadc mau dit liéu. .. vi thé ching ta c6 thé di theo hudng
tiép can xay dung do do khoang cach trén da tap, nham xay dung sy twong dong
gitra cac anh dua trén cau trdc phi tuyén cua dit liéu da tap 1a cac vector biéu
dién anh.

1.4. Xép hang da tap

R4t nhiéu dit liéu thuc té duoc biéu didn mot cach phu hop trong khéng
gian cau tric da tap cuc bo hon 1a trong nhiing khong gian khac. Hinh 1.9(a)
biéu dién tap hop cac diém mau dir liéu phan bé theo cau tric 2-moon. Gia six
rang hinh “tam giac d6” 1a mot truy van duoc dua ra, nhiém vu 1a dé xép hang
cac diém con lai pht hop véi truy van. Néu ta ding khoang céch Euclide dé do
su giéng nhau cua céc diém truy van ta duoc két qua xép hang nhu Hinh 1.9(b)
nhu vay khdng ph hop néu dua trén nhan thic ciia con nguoi. Tuy nhién, voi
Xép hang 1y tuong trong cau tric dir liéu cuc bo da tap ta s& duoc cac xép hang
theo diém truy van nhu hinh 1.9(c).
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Hinh 1.9. M0 ta xép hang trén tap dir liéu 2-Moon
1.4.1. Xép hang da tap co ban

Céc thuat toan xép hang dura trén do thi da thu hat sy quan tim déng ké tir
cong dong hoc may, thi giac may tinh va tim kiém thong tin trong thoi gian gan
day. Trong sb d6, xép hang trén cau trdc dit liéu da tap (Ranking on Data manifold
- ROM) [126] Ia mét trong nhitng phuong phap dai dién va da duoc ap dung rong
rdi trong cac tng dung tim kiém thdng tin va hoc may khéc nhau.

Thuat toan xép hang da tap trong cau trdc di liéu da tap thuoc md hinh hoc
ban giam sét [125, 126], thuat todn nay tap trung vao kham pha cau triic da tap noi
tai cua dit liéu, tir d6 danh gia mtc d6 quan trong va tuong tac gitta cac diém di
liéu trén cau trac da tap ndy. Bang cach str dung théng tin vé mdi quan hé va tuong
tac gitra cac diém dir liéu, xép hang da tap - MR duoc sir dung hiéu qua dé thuc
hién cac tac vu truy van va phan loai dit liéu trong khong gian da tap, noi cac
diém dir liéu thuong co su bién doi khong dong nhat.

Thuat toan xép hang da tap hoat dong nhu sau: Budc dau, nd tao ra mot
d thi cd trong s6 voi cac nut twong trung cho cac diém di liéu trong khdng

gian dic trung, két hop ca dir liéu da duoc gan nhan goi 1a diém truy van va

! Instrinsic manifold structure: CAu truc da tap noi tai la cdu trac co ban cua dir liéu ma khéng phu thuoc
vao cach dit liéu dugc nhing (embedded) vao khong gian Euclide hoic bt ky khong gian ngoai vi nao khac.
Cau trdc nay phan anh cac méi quan hé co ban va cac dic diém cua dir lisu ma khong bi bién dang bai cac bién
d6i khong gian hozc chiéu.
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chua duge gan nhén trong co so dir liéu. Tiép theo, mdi diém dit liéu duoc géan
mot sé diém xép hang, phan anh muc d6 quan trong hoac lién quan cta né so
véi diém truy van. Qua trinh nay dién ra lién tuc cho dén khi dat duoc su 6n
dinh tong thé. Cac diém dix lidu dugc xép hang cao nhat 1a nhimg diém cé su
tuong dong 16n nhat véi diém truy van, biéu thi mic do lién quan hoic giéng
nhau gitra chang.

Viéc xay dung d6 thi biéu dién cac diém trong co so dit liéu (CSDL) theo
thuat toan xép hang da tap da dugc dé xuat trong cac nghién ciu [21, 117, 125,
126]. Muc tiéu chinh ciia phuong phap MR dua trén cach tiép can do thi dang
K-NN véi phuong phap xac dinh trong s6 caa mdi diém di liéu so vai cac diem
dix liéu truy van dua trén cac théng tin toan cuc va cuc bo biéu dién bén trong
d6 thi.

X6t tap dir lieu X ={X, X, X, } ©R™ ' m 12 56 chiéu, n 12 56 diém di lisu;
X, € X 1a diém truy van (hay diém dit liéu dwoc gan nhén), cac diém con lai
dugc xép hang theo mirc d6 lién quan cia chung ddi véi cac diém truy van.

d:XxX - R 1amot dd do khoang cach giira 2 diém dir liu x; va x; (¢ thé
dung cac do do Euclide, Manhattan,...), ky hi¢u d(x;, X;).

r:X - R 12 ham xép hang, trong d6 mdi diém x; dugc gan mot gia tri xép
hang ri. Ta c6 thé xem r nhu mot vector: r=[r,...r.] .

Khai tao y=[y,,...y,T", V6i yi=1 néu x; 1a mot truy van, nguoc lai y;=0.

Thuat toan 1.1: Thuat toan xép hang da tap co ban (MR)

Buwéc 0: Xay dyng dd thi K-NN trén tap dir liéu X.

Buwéc 1: Tinh ma tran W =[wj;]nxn 12 ma tran ké véi cac phan tir wy; 1a trong
s6 cua cac diém dir liéu x;, X; duoc tinh theo cong thac (1.1):

W = exp[-d*(x,%)/26°]  néu Xi € k-NN(x;) 1.1)
"o Céc truong hop khac '

Buwéc 2: Chuan hda ma tran Laplace theo cong thic s = bavp2
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(v6i D; = w; latong hang thi i ciia ma tran W)
i1

Buwoc 3: Lap giai phuong trinh: r(t+1) =aSr(t) + 1-a)y (1.2)
Véitham s « < (0,2)

Buwoc 4: Dt r71a gisi han cua day {r,(t)}

Travé 1 =limr(t) 1a n gié tri x&p hang cua {x} (gia tri 16n nhét duroc xép

i
hang dau tién). Dang cong thirc dong dé tinh r™: 1 =(1,-aS)™y (véi I, 1a ma
tran don vi).

Thuat todn MR khai tao véi viéc xay dung mot do thi G = (V, E, W) 1a @6
thi dang k-NN trén tap dit liéu, véi tap dinh V 1a cac diém dix liéu X, canh E két
noi cac diém dir liéu va trong sb canh gitra 2 diém dir liéu {x;, x;} duoc biéu dién
la wi; 1a ma tran ké biéu dién méi quan hé cua ching. Ma tran ké w < R™"chira
tat ca cac trong sb canh. Bé kham pha cau trdc cua dit liu da tap, viéc xay dung
d6 thi dang k-NN (d6 thi k-Nearest Neighbor) 1a thich hop [25]. Trong buéc thi
hai, ma tran ké W caa do thi G dugc chuan hoa dbi ximg, diéu nay can thiét cho
su hoi tu cua lan 1ap sau. Trong mdi lan lap cia budc thir ba, mdi diém nhan
thong tin tir cac diém 1an can (s6 hang dau tién trong cong thac (1.4)) va ciing
giit lai thong tin ban dau caa nd (s6 hang thtr hai (trong céng thic 1.4)). Tham
s6 a chi dinh lugng thong tin tuong tu tir c4c 1an can va thong tin cua diém truy
van ban dau cta nd (diéu nay tranh duoc hién twong ty cung cb do cac phan tu
duong chéo w;i=0 trong budc dau tién) va thong tin dugc lan truyén doi xing
vi S 1a ma tran d6i xang. Cudi ciing, cac diém duoc gan céc gié tri xép hang
theo thir ty ma n6 da nhan duoc trong qué trinh lap.

Theo [125, 126] thi cong thac (1.2) hoituva r" =1-a)(l —aS)'y - vai |

la ma tran don vi ¢ nxn. (cong thire dugc chirng minh ¢ PL2)
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Trong thuc té, hé s6 g =(1—«)khong anh huong dén cac diém sé xép
hang, do vay: r'~(1-aS)'y (1.3)

Pé tinh toan hiéu qua ham xép hang (1.3), trong [125, 126] da dé xuat ham
chi phi xac dinh d6 do xép hang dugc chuan hda boi phuong trinh:

o(r)=7 ( > II\/f rr [ +ﬂZIIr i IIJ (1.4)

Ham chi phi O(r) bao gdm hai thanh phan chinh:

+ Phan dau tién lién quan dén cau tric da tap noi tai caa tap dir liéu, nghia
1a md hinh héa méi quan hé gitra cac diém di liéu dya trén cau trdc khdng gian
noi tai cua ching.

+ Phan thir hai dam bao rang gia tri xép hang mai r; khéng chénh léch qua
Xa S0 Voi gié tri xép hang ban dau yi.

Trong do:

+ r |a vector xép hang ma ta mudn tim.

+ w;; 1a mot phan tir ciia ma tran trong sé W, 1a ma tran ké thé hién mac
d6 tuong quan hoic khoang cach giira diém dix liéu tha i va j.

+ D 1a ma tran duong chéo ma mdi phan ta duong chéo Dj; 1a tong cua
hang thr i cia ma tran W.

+ 11 12 mot tham sé diéu chinh, can bang giira hai phia caa ham chi phi.

+y; 1a gi tri xép hang ban dau caa diém di liéu thi i.

Thanh phan dau tién 1a thuong dugc goi la rang budc tron, gitp lam min
bé mat xép hang va tranh céc bién dong lon giira cac diém gan nhau trong khong
gian xép hang.

Thanh phan thu hai 1a rang budc khép, dam bao két qua xép hang phi hop
véi phan bd xép hang ban dau da duoc gan trude do.

Muc tiéu 1a téi uu hoa ham chi phi O(r) ddi véi r dé co duoc gié tri xép

hang téi wu cho cong thic 1ap (1.2).
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Trong bai toan quy mé I6n, ngudi ta thuong sir dung phuong phap lip dé toi
ru hoa ham chi phi. Trong phuong phap 13p, gié tri xép hang r duoc cap nhat qua
c4c lan 1ap dya trén thong tin tir cac diém lang giéng va thong tin ban dau.

Trong thuat toan MR viéc xay dung do thi k-NN (k-Nearest Neighbor) trén
tap X luon xem nhu da co6 va duoc xac dinh nhu sau:

Pinh nghia 1.1 (D6 thi k-NN): Cho k 1a mét s6 nguyén duong, goi do thi
G = (V, E, W) lak-NN cua X, trong d6 V la tap dinh, E la tap canh, W la ma tran
trong s6. Mdi dinh u eV 1a dai dién cho mét diém dit liéu duy nhat trong X.
Canh c6 hudng (u,v) € E ton tai néu v thudc k- lang giéng caa {u} trong tap dinh
V\{u}, ma tran trong s6 Waxn =wW(u,v) biéu dién do twong tu giita cac dinh u va
v théa man w(u,v) =0 Néu (u,v)¢E .

MR da duoc st dung rong réi trong nhiéu ang dung, tuy nhién dé xir 1y co
s& dir liéu quy md 16n da co nhitng han ché xay ra:

1- Viéc xay dung do thi caa MR bang d6 thi k-NN 1a khong kha thi dbi voi
di liéu 16n, vi chi phi xay dung db thi k-NN 12 O(n2logk).

2- Viéc xép hang da tap ciing nhu nhiéu thuét todn dua trén d6 thi khéc
truc tiép st dung ma tran ké W trong viéc tinh toan. Chi phi luu trit cia mot ma
tran thua W 1a O(kn) va trén thuc té ta khdng thé Tuu trit ma tran Wi, (khi n rat
Ion).

3- Viéc xép hang da tap c6 d phiic tap tinh toan 1on vi khai thac ma tran
nghich dao trong phuong trinh (1.3).

4- Khi xtr ly tra ciru mot diém khong cé trong CSDL thi phai tinh toan va
xay dung lai toan bo db thi.

Nhu vay, chlng ta can phai tim cach dé xay dung mot d6 thi sao cho thoi
gian xay dung thap va khong gian luu trit nhé ciing nhu kha ning t6t d¢é nam
bat c4u tric cho dir liéu da tap cuc b va xu ly trén céc tap dit liéu I6n.

1.4.2. Xép hang da tap higu qud
Pé khic phuc han ché caa xép hang da tap, trong [115, 116] Bin Xu va cac
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cong su da dé xuat phuong phap xép hang da tap hiéu qua (EMR- Efficient
Manifold Ranking). Phuong phap nay tap trung giai quyét hai van dé chinh:

1- Xay dung d6 thi neo c6 kha ning mé rong thay cho db thi K-NN truyén
thdng.

2- Xay dung md hinh tinh toan xép hang hiéu qua, c6 chi phi tinh todn nho
bang cach thiét ké hinh thirc moi ciia ma tran ké dé c6 thé xtr ly tra ciu theo thoi
gian thuc trén CSDL lon.

M hinh ndy c6 hai pha tach roi: thi nhat 12 pha ngoai tuyén dé xay dung db
thi diém neo cho toan bo co sé dit liéu; pha th hai [ pha truc tuyén dé xu Iy mot
truy van mai.

Khai niém diém neo (Anchor): Trong mot tap di liéu X c6 n mau dix liéu
trong khéng gian m chiéu, chiing ta c6 thé xac dinh duoc mot tap hop cac diém
neo dai dién cho cac diém trong CSDL, ky hiéu la U. Céac diém neo nay duoc
chon dé dai dién cho khong gian dic trung cta dit liéu ban dau va thuong duoc
chon théng qua cac phuong phap nhu chon ngiu nhién cac diém trong CSDL
hoac phan cum (vi du nhu gan tim cum K-means lam diém neo) [68, 69, 70].

Do vay diém neo c6 mot s6 dic diém sau:

+ Dai dién cho khong gian dix liéu: Cac diém neo dugc chon sao cho chiing
c6 kha niang phan &nh cdu tric va dic trung cta toan bo tap dir liéu.

+ Bao toan thong tin cau trdc: Mic di s6 luong cac diém neo it hon nhiéu
so Vi tap dir liéu ban dau, nhung chung van can bao toan thdng tin ciu trdc
quan trong cua dit liéu. Piéu nay c6 nghia 1a mdi quan hé giira cac diém dit liéu
(nhu khoang cé&ch hoac su tuong tu) dugc phan &nh mot cach chinh xac théng
qua cac diém neo (cac diém dit liéu c6 chung mot diém neo thi c6 méi quan hé

véi nhau).
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Hinh 1.10. Cac diém dix liéu va diém neo [63]

+ D& dang cap nhat va ma rong CSDL: Trong mét sb truong hop, tap di
liéu ban dau c6 thé thay doi theo thoi gian, khi d6 cac diém neo c6 thé dugc cap
nhat hozc diéu chinh dé& dang dé phan anh nhiing thay doi trong dit liéu.

Do vay diém neo c6 thé phan anh cau tric tong thé cua dir liéu, duoc st
dung nhu mot diém tham chiéu dé udc luong va hiéu biét vé cac moi quan hé
va thong tin trong tap di liéu. Hinh 1.10 mo ta diém neo va CSDL.

Xét tap dit liéu X ={x, ... x }eR™™ VGi n mau trong khong gian m chiéu
VA U ={u,, .., uleR>" (C<<n) la tap cac diém neo phan b trong ciing khéng
gian tuong ty Voi tap dit liéu. Ta dinh nghia r: X —R 1a mot ham gia tri thuc dé
gan mdi diém dix liéu trong X véi mot nhan ngir nghia, véi myc dich 14 tim ma
tran trong sé6 z <R™ dé biéu dién mdi quan hé giita cac diém dir liu trong
x. € X va cac diém neo trong u, eU . C4c gia tri r(x) dugc udc lugng cho mdi
diém dit liéu nhu 13 mot trung binh trong sé cua cac nhan trén diém neo boi
cong thuc:

c -
r(xi):;zikr(uk)’i =1n (1.5)

Vi céc rang buoc -, _1 Va 7, >0, trong d zi bieu dién trong s6 giira diém
k=1

dit liéu x; va diém neo uy. Hinh 1.11 biéu didn médi quan hé gitra diém neo va cac

diém dit lieu.
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Hinh 1.11. Biéu dién @b thi Neo ciia diém dir li¢u xi va diém neo Uk Véi zik
la ma tran biéu dién méi quan hé giira dir liéu va diém neo

Xay dung cau tric do thi neo 1 cach tinh vector trong sé zi cho mdi diém
dix liéu x; phu thudc vao hai van dé chinh:

1) Cac phuong phéap xac dinh diém neo va sb lugng cia neo;

2) Chi phi tinh toan xay dung do thi neo (tinh vector trong sé).

Thong thuong cac diém neo duge xac dinh bang cac phuong phap nhu: hoc
cht dong [121], lya chon ngau nhién hoic phuong phap phan cum la céc giai
phap dang ké can lya chon. Trong cac nghién ctiu gan day [109, 116, 122] diém
neo dugc lay I1a cac tdm cum thu duogc théng qua thuat toan phan cum nhu K-
means trén toan b co s dir liéu dac trung. Cac thuat todn phan cum duoc st dung
dé tim cac diém neo la s6 luong cum C tam cum (gia tri C khong nhat thiét phan
anh s6 cum “thuc t&” cua dit liéu).

Pé do trong s6 cuc b gitra diém dit lidu x; va cac diém neo u gan x; nhat, trong
[64], S. T. Roweis da dé xuat ham muc tiéu véi ¥ nghia hinh hoc r6 rang:

mln(%” Xi _U<i>zi ”2J (16)

zieRS

Véi didu kién: 17z =1, z) >0 Vj=1,...s,



31

V6i Usi=={u, Us,..,us} 12 s diém neo gan x; nhat (<i> 1a céac chi sb cua s
diém neo). Pay 1a dang bai todn “uwdc hirong trong sé cuc bé”. Bai todn nay co
thé duoc giai bang cach sir dung quy hoach toan phuong chuan (QP), tuy nhién
viéc tinh toan QP rat tén nhiéu thoi gian. Do d6 mot sé phuong phap da dugc
dé xuat dé giai phuong trinh trén d6 1a phuong phap dya trén phép chiéu
Gradient [63] dugc dé xuat dé tinh toan ma tran trong sé va phuong phap hoi
quy ham nhan (Kernel Regression) [115] da duoc ap dung.

Liu va cac cong su [63] da dé xuat cac nguyén tic dé tinh ma tran trong
s Z va ma tran k& W cho viéc xay dung db thi neo. Trong [63, 65] trong so6 do
do twong tur gitra X; va u; dugc tinh bang cong thuc:
z, - K@(j)K(Xi,U,-)

kz_;(i(k)K(Xi,Uk)

(1.7)

Trong c¢ong thirc (1.7) thi & €{0,1}" 1a tap vector chi sb, véi 5,(j) =1 néu

uj 1a diém neo thir s gan x; nhét. Tap cac U ={u;}; cua K diém neo duoc khoi
tao bang phép toan phan cum K-means (tdm cac cum la cac diém neo).
Xay dung ma tran ké W gitta cac diém dit liéu dugc tinh theo cong thic:
W =2D"Z" (1.8)
Vé6i D, :Zn:Zik (14 ma tran duong chéo, 13 tong hang k caa ma tran Z).
=]
Phan chiing minh cong thac (1.7) duoc trinh bay ¢ PL3.

Nhan xét: Cac phuong phap lua chon diém neo va sé luong diém neo dugc
dé xuat trong cac nghién ctu [42, 109, 115, 116, 122] chinh la cac tdm cum thu
duogc cua thuat toan phan cum K-means; Viéc xay dung d6 thi neo chinh 1a bai
toan udc luong trong sé cuc bo gitra mdi diém dir liéu va cac diém neo lang
giéng.

Nhu vay bai toan xay dung ciu tric d6 thi neo hiéu qua thay thé cho dd
thi K-NN truyén théng do phéat biéu nhu sau: Cho tap dir liéu
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X ={x, .., x,}e R™™ V&i n mau trong khdng gian m chiéu viéc xay dung d6 thi
neo Gn(X,U,Z) dugc thuc hién qua cac budc sau:

Buéc 1: Tim C diém u ={u,, ..., u}e RS (C<<n) latap cac diém neo phan
bé trong cung khong gian twong ty vai tap dit liéu.

Budgc 2: Tim s diém neo gan nhat caa mdi diém dix liéu xi.

Budc 3: Udc lugng va tinh ma tran Z 12 ma tran ké chéo biéu méi quan hé
gitra cac diém dir liéu va cac diém neo.

Budc 4: Xay dung quan hé ké gitra cac diém dit liéu thong qua diém neo.

O day ma tran W 12 quan hé ké giira cac diém dit liéu trong d6 thi G(X, W)
dang K-NN dugc biéu thong qua ma tran thua Z trong céu trac do6 thi neo
G(X,U,Z) hay con duoc goi 1a do thi ludng cuc [63, 109].

Ma tran ké W dugc xac dinh nhu sau: Khi cac diém di liéu c6 chung diém
neo thi W duoc tinh theo cong (1.8) (tizc la 2 diém dir liéu c¢é chung s diém neo
la ké nhau) ngugc lai W=0;

1.5. Tra cu anh véi xép hang da tap

Cac hé théng CBIR thuong st dung phuong phap d6i sanh ting cap bang
cach str dung cac do do khoang cach nhu Euclide, Mahalanobis, Cosine,... dé
do su tuwong tu gitra anh truy van va mdi anh co so dit liéu. Mat khac, hé théng
CBIR dua trén MR 1a phuong phéap khai thac cac mdi quan hé phu thudc dix
liéu gitra vector dic trung anh truy van tat ca cac vector dic trung anh di liéu
trong khong gian dic trung nhat dinh, dong thoi xép hang diém sé caa cac anh dugc
dan nhan dé anh duoc gén nhén lan truyén dén anh khong c6 nhan qua mot do thi
c6 trong sb [17, 39]. Trong cac nghién ctu [19, 28, 107, 114, 116] di chimg minh
duoc hiéu qua cua MR trong CBIR vai biéu dién anh bang két hop cac dic trung
muc thap. Mt khac trong khong gian cac dic trung truc quan mac thap cua anh
cd thé 1a mot da tap [42, 61] do vay hinh anh lién quan c6 xu huéng hinh thanh
c4c cum nao d6 trong khong gian dic trung; hinh anh khong thich hop ¢ thé
hinh thanh mot s6 cum dit liéu khac nhau véi ngir nghia khac nhau. Gia tri xép
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hang c6 thé dugc coi nhu mot phép do khoang cach da tap, co ¥ nghia hon dé
d6i sanh mirc d6 lién quan ngir nghia.
Tra ctru dung thuat toan MR trong CBIR:

4=a(1—1)+(1—a)|E 8

Chi

twong tw

a ma tran thua
% 2 inl c& cac dwong di
S=D"wD™"? : ngdu nhién

Hinh 1.12. Qua trinh tra ciru trong MR véi @6 thi K-NN

Céc thuat toan MR da ching minh dugc hiéu qua trong CBIR trén cac tap
CSDL nhé véi cac diém dit liéu truy van o trong CSDL, khi phat sinh mot truy
van ¢ ngoai CSDL cac thuat toan MR chua xur 1y duoc va cho hiéu qua tra ctu
rat thap. Dé thuc hién dugc trén cac tap CSDL 16n va c6 thé mé rong CSDL va
tra ctru dugc theo thoi thuc, trong cac nghién ctu [17, 19, 115, 116, 122] da dé
Xuat xép hang da tap hiéu qua trong CBIR. Cac md hinh dé xuat chia hé théng
thanh hai pha nhu hinh 1.13. Hé théng CBIR sir dung xép hang da tap hiéu qua
d3 chimg minh dugc hiéu qua tra ciu trén CSDL 16n va cd thé thuc hién theo
thoi gian thuc va do chinh xac ciing duoc cai thién.

Ma tran trong so twong tu

Diém neo

I "' S Xay dung do thi con v&i diém neo
Pha Fd '
ngoai g /[ ; S N
tuyen § - /
W =A"SSTA
Vector turomng tu (Y @ Y e T ®© © & © & ®
S, 2 AY —— e — —
q q .a\ A { =
. = u N —- NS
Pha ) | ¥ y v
trygre { \ ——
luyén
| Z:J-q,\-f Z' =y,si(mL +n,d) c Y =ysi(mL' +n I) 'S
® ® Diémtraclru Diém khong tham gia xép hang Piém neo

Hinh 1.13. Hé thdng CBIR véi SGR [122]
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Tuy nhién cac hé thong nay c6 do chinh xac trong tra ctru chua cao do méi
chi biéu dién anh bing cac vector dic trung muc thap hodc cac phuong phap
tim diém neo cho dd thi diém neo chua duogc quan tam (cac diém neo duogc
chon ngau nhién hoic dit bﬁng tam cum béng thuat toan phan cum K-means).
Ngoai ra, & giai doan tim cac diém neo gan mot diém dir liéu ciing chua két hop
duoc cac thuat todn xap xi gan dung (ANN) dé tim ra s diém neo gan nhat cua
diém di liéu x;, tir @6 tim duoc chinh xé&c k-top anh c6 d6 chinh xac tt nhat
theo thtr hang tra vé sau tra cuu.

1.6. P9 do twong tw va tim kiém xap xi lang giéng gan nhat
1.6.1. Bg do twong tw

Pé thu dugc tra cau chinh xac hon va hiéu ning t6t hon, cac hé théng
CBIR xay dung d6 do tuong tu hiéu qua, md ta va dinh luong tét cac tuong tu
trong nhan thirc ciia cong ngudi. Mot cach don gian dé do do tuong tu thi giac
la str dung cac do do khoang céch.

Véi vector dic trung y={y,,y,,... v,} biéu dién anh truy van Q va vector
dac trung x ={x,X,,...,x,.}1a vector dac trung ctia anh xe X trong tap co so dir
liu X (véi sé chiéu vector 1a D), bai toan tim kiém 1an can gan nhét I1a tim ra
mot vector x e X thoa mand(x’,y) =min{d(x,y)|xe X} V&I d(x,y) 1la d6 do
metric caa tap hop diém X, dugc dinh nghia nhur sau: d: X xX — R, thoan man
cac diéu kién sau:
d(x,y)>0
d(x,y) =0 x=y

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

Céac do do khoang céch cd thé duogc sir dung cho ddi sanh twong tu trong
linh vuc CBIR nhu: Minkowski, Mahalanobis, Cosine, Euclide ... Trong d6
Khoang cach Euclide (khoang cach L2) va khoang cach Manhattan (khoang
cach L1) 1a truong hop dac biét cua do6 do Minkowski. Khoang cach Euclide cé
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trong s6 da duoc s dung cho cac mdé men mau trong hé thong MARS [83].
Khoang cach Euclide c6 trong sb giira hai vector x va y, duoc tinh theo céng

thuc: d,(x,y)= /iw, (X —y.)’

Véi wi 1a trong sé cua thanh phan thi i, x; va y; 1 thanh phan caa x va y
tuong tng.

Ngoai ra, khoang cach théng ké Mahalanobis [80] dwoc sir dung dé do
khoang cach gitra mot vector dic trung cu thé va mot phan phéi da cho. Khoang

cach Mahalanobis gitra hai anh X va Y dugc xac dinh nhu sau:

d(X,Y)= (i| x —y. | sfl)% vai X, ¥i (i=1,.,.D) la cac vector déc trung cua

X va Y, ma tran hiép phuong sai S (néu r=2 va S 1a ma tran don vi thi khoang
cach nay tuong dwong vdi khoang cach Euclide, néu S 14 ma tran truc giao thi
tuong duong vai khoang cach Euclide chuan hoa).

Mot s6 cong thire tinh do khoang cach hay dugc sir dung trong CBIR dugc
m0 ta nhu bang sau:

Bang 1.2. Mt s6 dd do khoang céch va cong thirc

bo do Cong thuec tinh
Manhattan (Taxicab/City Block)
(Khoang cach L;)

d(x,y) = i] x —vy, | (k lasb block)

Chebyshev d(x,y) =max(1x -y |)
Minkowski d(x,y) :(ZD:l X =Y |p)B
XY
i d(X,Y)=1-cosf=1-—"
Cosine (X,Y) cos XY

Pé dua ra tap anh két qua tra ctu, hé thong tra ctru thuong tinh khoang
cach theo mot do do khoang cach nao d6 ctia mot anh truy van véi toan bo anh

trong tap di liéu va tién hanh sap xép theo thu tu ting dan theo gié tri khoang
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cach vira tinh dugc. Tap anh két qua tra ctzu bao gom k anh ¢d thir hang tét nhat
ma gid tri khoang céch 1a nho nhét.

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

Trong CBIR, dé viéc tra ciru ¢d hiéu qua, CSDL trudc hét can dugc luong
tur hda, 1ap chi muc hoac gom thanh cac cum. Cac qua trinh Iugng tir hoa, 1ap
chi muc hay gom cum nay duoc thuc hién & pha ngoai tuyén (offline) nén téc
d6 khéng phai 1a van dé trong tdm can nghién ctu. Trong thuc té, cac hé théng
CBIR, khi thuc hién mot tra cau, thong thudng vector dic trung truy van khdng
c6 trong CSLD, do vay viéc tra ciru theo kieu ANN [75, 123] duoc dé xuat dé
tim ra k-vector gan vai vector truy van nhat, nhu vay két qua nhan duoc 13
khoang céch xap xi giira ching. Do vay viéc tim kiém lang giéng gan nhét Ia
mot bai toan quan trong dé dua ra cac két qua tim kiém chinh xac trong CBIR.

Tuy nhién, vai khéng gian dix liéu rat 16n va sb chiéu vector dic trung cua
mdi diém dit liéu rat cao, viéc tim kiém chinh xac mot lang giéng gan nhat tro
nén khong kha thi. Do d6, phuong phap tim kiém xap xi lang giéng gan nhat
ANN [4] thuong dugc sir dung thay cho phuong phap tim kiém lang giéng
chinh x4c. Cac phuong phap tim kiém ANN tim ra céc 1an can dya trén tinh
toan khoang céach xap xi gitra hai vector.

Trong cac hé thong CBIR, thay vi ddi sanh anh truy van vai toan bo CSDL,
viéc d6i sanh chi thuc hién trén mot tap con nhat dinh (tap cic tdm cum chang
han) nén viéc tim kiém theo ANN c6 thé khong dwra ra két qua chinh xac 100%
nhu tim kiém chinh xé&c, ma s& tra vé két qua gan dang nhat trong thoi gian
ngan nhat. Didu nay Ia do thuat toan tim kiém ANN lam viéc bang cach xac
dinh mot tap hop cac diém gan nhit va khong dam bao tim kiém chinh xac nhat.
Tuy nhién, véi mot bo chi muc tét hoac mot thuat todn gom cum tbt va mot
thuat toan tim kiém phu hop, két qua cta tim kiém ANN van c6 thé rat chinh

X&c va hiéu qua trong nhiéu truong hop.
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1.7. Phwong phap danh gia hiéu qua trong CBIR
Trong tra ctru anh theo noi dung viéc danh gia hiéu nang la cong viéc quan
trong. Trong [68] Muller-Henning va cac cong su dua ra d6 do luong hiéu nang
cua cac hé théng CBIR thuong str dung nhu 1a do chinh xéac (precision (Pr));
do triéu hoi (recall (Re)). Néu sé cac anh lién quan dén anh truy van cu thé 1a
Ao, s6 cac anh khong lién quan dén truy van cu thé 1a Bg, tong s6 cac anh dugc
truy van Dq va so cac anh lién quan dugc truy van Eq,.
Do chinh xac 12 ti s6 giita c4c anh lién quan duoc truy van véi tong s6 cac
anh truy van, dugc tinh theo cong thuc: Pr= %
Q

Do triéu hoi 1a ti s6 gitra s6 anh lién quan dugc truy van véi toan bo sb

E
anh c6 lién quan trong CSDL: Re=—2

A

Do chinh xac trung binh ARP (Average Retrieval Precision) thuong duoc
sir dung dé danh gia do chinh xé&c cua phuong phap duoc sir dung trong CBIR.
Hiéu qua truy van chung caa mot hé thong dugc do bang trung binh tat ca do
chinh xac. ARP dugc tinh toan nhu sau:

ARP = average()_R) (1.25)

Véi P; 1a @6 chinh xéac cia mdi truy van (B9 chinh xac trong tra ctu tai
diém dix liéu tha i). N6 1a mot do do hiéu qua dé biéu dién hiéu suat caa hé
théng CBIR. Trong cac thuc nghiém & chuong 2 va chuong 3, luan an sir dung
d6 chinh xac trung binh dé danh gia hiéu qua cia cac phuong phap.

Véi trudong hop nhiéu truy van, do chinh xac trung binh trén tat ca cac truy
van ky hiéu 1a MAP (Mean Average Precision) dugc dinh nghia nhu sau:

Q
MAP =éZAPq (1.26)
q=1
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Véi Q la tong sb anh truy van. Cong thtc (1.26) duoc dung dé danh gia
hiéu qua tra ciru chung cho mot hé thong CBIR véi Q anh dua vao truy van.

Tong quan vé cac do do danh gia hé thong CBIR c6 thé tim thay trong
[44]. Dé thé hién ¥ nghia thdng k&, hiéu qua tra ciru dugc tinh trén sb lwgng cac
truy van. Thong thuong, s6 lugng céc truy van 1 tir 100 d&én 1000 [20]. Kich
thudc cua tap dir liéu anh 14 tir 1000 ¢én 20000 [99]. Vi cac hé théng tra ciu
quy mé 16n, kich thuéc tap dir liéu co thé 1én dén 80 triéu anh [96].

1.8. Mgt s6 CSDL thuc nghiém cho tra ciru anh

Lu4n an tién hanh cac thuc nghiém trén ba tap dit liéu Corel30K, logo-2K+
[108] va VGGFACE2-S [13].

Tap dir liéu tha nhat: Bo suu tap hinh anh goc Corel Photo Gallery [45]
noi tiéng trong cong dong nghién cttu bao gém hon 800 dia CD, mdi dia chira
cac anh cta mot khai niém cha dé cu thé tién canh ndi bat. Cac khai niém chu
dé nay co thé rat rong nhu “dai duong, mua thu” hodc co thé gisi han pham vi
nhé hon nhu “hoang hén, anh chau Phi”. Do su phtc tap cia cic chu dé anh
thay ddi tir loai ndy sang loai khac va c& cua bo suu tap 1a rat 16n nén toan bo
tap anh thuong khong duogc st dung trong mot hé thong tra ctiru cu thé. Didu do
dan dén tinh trang mdi nhém nghién ciu tao ra bd Corel con cua riéng minh
trong cac thuc nghiém cua ho.

Pé danh gia do chinh xac cua cac phuong phéap tra ctu, nhiéu hé thong
CBIR st dung mét tap con cua Corel Photo Gallery gom 31.695 anh 1am tap
dir liéu anh thir nghiém [45] goi 1a tap Corel30K. Tap Corel30K bao gom 306
chu d& khac nhau va mdi cha dé thuong c6 100 anh trir mot sé it cha dé co
nhiéu hon 100 anh. Kich thuéc caa mdi anh trong mdi cha dé cb dinh Ia

256x384 hodc 384x256. Mot sé anh minh hoa trinh bay nhu Hinh 1.14.



Tap dit liéu thir hai Logo-2K+ [108], gdm 22725 hinh anh logo cua 303
thuong hiéu khac nhau va dugc dat trong 303 nhdm, véi mdi nhém gom 75 anh cua

mdi thuong hiéu. Hinh 1.15 chi ra mot s6 mau anh trong tap di liéu nay.

g ) n . “? . *r
-~ b f
&7 %
i B / \
Ay \ /
A TR 3 A
1 1 4 s ) e
) < > = \ ) \ T
iy X = e i ® 9 -
{
/
3 % 5, s
: ARF —

Hinh 1.15. Mét s6 hinh anh trong tdp CSDL Logo-2K+
Cubi cuing tap dix lisu VGGFACE2-S [13] la tap con cua tap dit liéu hinh
anh dé nhan dang khudn mat VGGFACE2 véi 169396 anh trong 500 I6p. Tap
VGGFACE2-S bao gém 60000 anh chia thanh 500 nhdm va&i mdi nhém 120
anh ctia mdi nguoi dugc lay ngau nhién tir tap dir lisu VGGFACE2. Hinh 1.16
chi ra mot s6 mau anh trong tap nay. Anh trong céc tap di lidu c6 kich thuoc,
d6 phan giai va mau sic khac nhau.
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Hinh 1.16. Mgt sé hinh anh trong tap CSDL VGGFACE2-S

Cac tap dix liéu nay duoc to chic thanh cac 16p ngit nghia theo cach con

-

ngudi nhan thac vé do twong tu. MAi 16p biéu dién mot cha dé ngir nghia khac
nhau, cac anh trong cting mot 16p duoc xem la lién quan. Bang 1.4 md ta sb
lwong va sé 16p anh trong céc tap dit liéu thuc nghiém.

Bang 1.3. Cac tap dir liéu anh

Tap anh S6 luwong anh S6 16p anh

Logo-2K+ 22725 303

Corel30K 31695 306
VGGFACE2-S 60000 500

1.9. Két luan chwong 1

Trong chuong 1 luan an di trinh bay téng quan vé tra ctu anh dua vao noi
dung véi xép hang da tap. Bén canh d6 luan an phan tich vé dir liéu da tap trong
tra ciru anh. Tir cac phan tich va danh gia vé xép hang da tap trong tra cau anh
luan an da phat hién va dé xuat, chang minh B6 dé 1 1a ¢am bao toan hoc cho
cac nghién cau vé tra cau anh theo hudng tiép can dir lidu da tap nhu hoc da

tap va xép hang da tap.
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Ciling ¢ trong chuong nay luan an tap trung giagi thiéu va phan tich céac
thuat toan xép hang da tap (MR, EMR) trong CBIR, qua d6 rat ra mot s6 han
ché cua cac thuat toan trén nhu sau:

- Cé4c hé théng CBIR str theo hudng tiép can xép hang da tap thuong méi
str dung cac dic trung mirc thap dan dén do chinh tra ctiru xac chua cao.

- Viéc trién khai toan xép hang da tap nhu MR khéng kha thi &p trén cac tap
CSDL 16n vai s6 chiéu vector dic trung anh rat cao (vV6i cac hang tang tinh toén
khong chuyén dung - chang han cac may tinh khdng hd trg GPU).

- Bé xép hang duogc cac CSDL anh 16n, c4c thuat toan xép hang da tap cai
tién nhu EMR, SGR, AGR...thuong sir dung phuong phap tim cac diém neo
(mdi diém dai dién cho mot nhom vector) duoc chon bang phuong phap phan
cum K-means va chua c6 nghién ctru nao dé xuat phuong phap tim diém neo
mai hiéu qua hon.

Chuong 2 va Chuong 3 cuia luan an nay s& tap trung cai tién thuat toan
EMR dé nang cao do chinh xé&c cho cac hé thong CBIR.
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Chwong 2
NANG CAO PQ CHINH XAC TRA CUU ANH VOI XEP HANG PA
TAP CAI TIEN

Trong Chuong 1 di gigi thiéu va phan tich mot sé ki thuat duoc st dung
trong CBIR va xép hang da tap ciing nhu cac nghién ciru vé da tap trong CBIR.
Pé nang cao d6 chinh xac trong CBIR, trong Chwong 2 chlng t6i dé xuat
phuong phap tim diém neo méi cho thuat toan EMR ¢ d6 thay thé phuong phap
tim diém neo str dung K-means bang thuat toan lvdc-FCM va ap dung cho CBIR
trén céc tap dir liéu 1n. Noi dung nhiing dé xuat ciia chuong nay la két qua da
duoc cdng bd tai cdng trinh nghién ctu [CT1, CT2, CT4].

2.1. Giéi thigu

Xép hang da tap — MR [125, 126] va xép hang da tap hiéu qua- EMR [115,
116] la c4c thuat toan xép hang dya trén db thi, ¢a duoc ap dung rong rai trong
viéc truy xuat thong tin va duoc chang minh 1a ¢ hiéu suét cao trén nhiéu loai
dir liéu khac nhau. Dac biét, trong cac nghién ctu [59, 127] MR da duoc ap
dung dé truy ciru hinh anh dwa trén noi dung vi kha ning noi bat cta thuat toan
trong viéc kham pha cau trdc hinh hoc da tap cta co so dit liéu hinh anh. Tuy
nhién, xép hang da tap c6 nhugc diém l1a khi xtr 1y cac co so dit liéu quy md 16n
- doi hoi chi phi tinh toan cao, ca trong giai doan xay dyng db thi va tinh toan
xép hang, diéu nay han ché kha nang tng dung cua MR- dbi véi cac hé thong
CBIR c6 tap dit lidu I6n va vector dic trung biéu dién anh c6 sé chiéu cao dan
dén khong tra ctu theo thoi gian thuc va do chinh xac chua dugce nhu mong
muén cia ngudi ding. Pé giai quyét nhitng han ché cua MR, céc nghién cau
nhu: St dung xép hang da tap véi da dic trung trong tra ciru anh - MMR (Multi-
Manifold Ranking: Using Multiple Features for Better Image Retrieval) [113],
tra ctu anh dua trén ma rong xép hang da tap SMR(Scaling manifold ranking
based image retrieval) [33], xép hang da tap nhanh cho tra ciru anh dua vao noi
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dung -FMR(Fast manifold-ranking for content-based image retrieval) [41], tra
cttu anh dya vao xép hang da tap khong ddéng nhat -HMR(Heterogeneous
Manifold Ranking for Image Retrieval) [114], tra ciu anh dua vao xép hang da
tap tong quat - GMR-Generalized manifold-ranking-based image retrieval [39]
... cac phuong phap trén déu dya vao xép hang da tap tong quat véi cac diém
dir liéu duoc xay dung dwa vao dd thi K-NN va 6n dinh toan cuc, khi CSDL 16n
viéc xay dung do thi K-NN va xép hang tra cau theo cong thie (1.3) 14 tinh ma
tran nghich dao 1a khong kha thi va chua xt Iy c&c tinh hudng tra ciu véi diém
truy van bén ngoai CSDL.

Do vay cac phuong phap ma rong va thay thé do thi K-NN trong MR nhur:
M¢ rong md hinh xép hang dua vao do thi trong tra cu anh theo noi dung -
EMR: A Scalable Graph-based Ranking Model for Content-based Image
Retrieval [116], Xép hang da tap nhanh vai d6 thi 2 phia cuc bo- LBMR(Fast
Manifold Ranking With Local Bipartite Graph) [19], Hoc ban gidm ma rong
théng qua chuan hda hiéu qua db thi diém neo - SSL (Scalable semi-supervised
learning by efficient anchor graph regularization) [109], Tang cuong phan hoi
lien quan dai han trong CBIR véi t6i wu hoa mé rong do6 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 nham khic phuc han ché cua thuat toan xép hang da tap MR va thuc hién
tinh toan xép hang duoc trén céc tap CSDL Ién ¢6 sé chiéu vector cao, cac
phuong phap nay tap trung giai quyét hai van dé chinh:

Tha nhat: Xay dung cau tric do thi “neo” va tinh toan xép hang hiéu qua
hon véi cac truy van mau ngoai CSDL.

Thir hai: Xay dung mé hinh tinh toan xép hang da tap hiéu qua bang cach
thiét 1ap mot biéu dién méi ctia ma tran ké nham ting toc do tinh toan xép hang
va giam kich thudc Iuu trix dir lidu.

Trong d6 dé tim va udc lugng s6 diém neo phi hop véi CSDL cho trudc,
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cach pho bién trong cac nghién ciru thuong gan cac diém neo chinh 1a cac diém
“tiém nang” duoc chon ngau nhién trong CSDL hoic 1a cac tdm cum thu dugc
tur viéc ap dung thuat toan phan cum cing K-means [98, 116, 122] trén cac tap
dir liéu dic trung anh. CAc tiép can nay 1a hiéu qua nhung van ton tai han ché
1a cac diém neo dugc khong biéu dién dugc truong hop mot diém dir liéu co
nhiéu hon mét diém neo dai dién no.

Trong phan nay luan an dé xuat ki thuat phan cum mo lvde-FCM cho viéc
tim tap neo cho thuit toan xép hang EMR va xay dung md hinh tra ciu anh dya
vao thuat toan EMR-(lvdc-FCM) véi dic trung muc thap cua anh.

2.2. Kién trac CBIR dé xuat
Mo hinh d& xuat hé thong CBIR véi dic trung mirc thap nhu hinh 2.1.

7
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—  Phangoai tuyén
Hinh 2.1. Md hinh hé théng dé xuat CBIR véi dic trung
mikc thap sit dung EMR-(Ivdc-FCM)

Kién tric dé xuat hé théng CBIR trong hinh 2.1 bao gom céc budc sau:
+ Pha ngogi tuyén:
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1. Co sé dit liéu anh dugc trich rat cac dic trung mirc thap va két hop dac
trung (chang han két ndi cac dic trung biéu didn mau, hinh dang va két cau
anh) duoc tap di liéu cac vector dac trung.

2. Chuan hoa cic vector dic trung muc thap [97].

3. Tim cac diém neo bang lvdc-FCM [CT1, CT2, CT4]

4. Xay dung d6 thi neo cho thuat toan EMR [116].

+ Pha tryec tuyén:

Anh truy van duoc trich rat dic trung va sir dung thuat toan EMR-(lvdc-
FCM) d6i sanh va xép hang cac anh tuong tu va dua ra két qua truy van [CT1,
CT2, CTA4].

CAu trtic do thi neo trong EMR duoc xay dung vai cac budc sau (dam bao
tao ra mot do thi thua trén tap CSDL dic trung anh véi vector dic trung cb sd
chiéu rat cao):

Budgc 1: Xay dung C diém neo: Chon C diém tir khong gian dit liéu hoic
c6 thé théng qua mot qué trinh lva chon ngau nhién hoic mot phuong phép toi
rru nao d6. Piém neo nay s& dong vai tro 1a cac diém tham chiéu trong khéng
gian di liéu.

Budc 2: Tim s diém neo gan nhat véi mdi diém dit lidu x;: D6i véi moi
diém dix liéu trong tap X, xac dinh s diém neo gan nhit véi nd, thuong dua trén
mot tiéu chi khoang cach nhu khoang cach Euclide.

Budgc 3: Tim trong sb hdi quy zj cia s diém neo ddi véi mdi diém dir lieu:
Déi vai mbi diém dit liéu, tinh cac trong s hoi quy z; ma thong qua dé co thé
biéu didn méi quan hé giita cac diém dit liéu dya vao cac diém neo.

Budc 4: Xay dung ma tran hoi quy Z: Ma tran Z duoc tao ra tir C4c trong
s6 hoi quy cua tat ca cac diém dit liéu, thé hién muac do lién két cua timg diém
dit lidu vai cac diém neo cua no.

Budc 5: Xay dung ma tran ké cd trong sé6 W: Dua trén ma tran hoi quy Z,
xay dung ma tran k& W dé biéu dién méi quan hé va su twong tac giita cac diém
dit liéu ban dau dya vao cac diém neo.

2.1. Xay dwng d6 thi neo trong thuat toan EMR
Budc dau tién caa viéc xay dung ciu tric do thi neo bao gom viéc xay
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dung C diém neo dai dién cho cac diém trong CSDL vdi s6 chiéu vector dugc
bao toan. Pay co thé 1a C diém duoc ldy mau ngau nhién cac diém tir khdng
gian dit liéu dau vao X € R™P hoic duoc xay dung theo nhirng cach phuc tap
hon nhu phan cum. Trong budc nay, luan an stir dung tdm cum thu duoc tir thuat
toan Ivdc-FCM (thuat toan 2.1) 1am diém neo. Thuat toan Ivdc-FCM [a mot
phuong phap phan cum khdng gidm sat mém, tao ra C tdm cum & d6 mdi diém
dit liéu c6 thé c6 nhiéu hon mot tam cum dai dién. Tu thuét toan 2.1 thu duoc
tap tam cum {A.} va ta gan U={A:},<<c.
2.2.1. Phwong phdp tim diém neo bang thudt toan Ivdc- FCM

Trong cac nghién cau vé EMR [63, 115, 116, 122], phuong phap tim diém
neo ¢ budc mot luon duoc thuc hién théng qua chon ngau nhién trong tap dir
liéu goc hoac dung thuat toan phan cum K-means. Do han ché cia K-means 1a
tim ra tap tap cum c6 dang hinh cau va mdi diém dix liéu chi thudc vao 1 tim
cum duy nhat. Nhu vay néu dit liéu phan bd theo dang 2-moon (hinh 2.2) hoac
trong truong hop cac diém dit liéu ¢ nhiéu hon mot tdm cum dai dién thi thuat
toan phan cum K-means chua xt ly tot.

T cac y tudng trén luan an dé xuat phuong phéap tim diém neo bang thuat toan
phan cum dua trén cai tién thuat toan FCM (duoc goi lai lvdc-FCM).

a il “\,n\_“...: ......... PP
? :—*‘ ,,,a**’ R
] ;- f, . é L
O & d
_a : % ‘f.’ ,.::%Q,
a4 : m‘-u_ I-ki :
Két qua phan cum theo K-means Két qua mong mudn

Hinh 2.2: Két qua phan cum K-means va két qua mong muén
trén tap dir liéu phan b theo 2-moon
Thay thé K-means bang thuat toan cai tién FCM (Fuzzy C-means) dé tim
diém neo cho EMR mang lai mét sy cai tién quan trong. FCM cho phép gén
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mtc d6 "mo” cho mdi diém dir liéu thudc vao cac cum, thay vi gii han vao
mot cum duy nhat nhu trong K-means. Khi sir dung FCM thay thé cho K-means

trong qua trinh tim diém neo cho EMR dua trén cac nhan xét sau:

Linh hoat hon v&i mitc d6 "md": FCM linh hoat hon khi cho phép mdi diém
dit liéu duoc gan mirc 46 "mo™ t6i tat ca cac cum. Diéu nay tao diéu kién dé thé
hién mic d6 lién quan cua mdi diém dén ting cum riéng biét. Trong trudng hop
dir liéu khéng thé dugc phan chia ré rang vao cac cum, FCM c6 kha ning xac
dinh cé&c tam cum (chinh 1a céc diém neo) chinh xac hon.

Viéc thay thé K-means bang FCM khéng chi giai quyét mot s6 han ché
ctia phuong phap trude d6 ma con mang dén kha niang mé rong va kham pha
sau hon vé méi quan hé gitra cac diém dir lidu trong qua trinh xép hang da tap.

Thuat toan phan cum mo hay duoc goi 1a phan cum mém la mot ky thuat
phan cum & d6 mot ddi tuong c6 thé thudc vé nhidu cum véi do thudc khac
nhau. Nghia 1a, trong phan cum ma, gié tri cdc do thuoc p khéng chi la 0 hoac
1 ma c6 thé c6 gia tri trong dai tir 0 dén 1. Thuat toan phan cum mo duoc gidi
thiéu boi Dunn [98] va sau d6 duoc stra d6i bai Bezdek [99] goi 1a thuat toan
Fuzzy C-Means (FCM).

Cho tap dit lieu X ={X,,..., X;,..., X,} € R” ta phan X thanh C cum. Trong d6
C la s6 cum (C €N*, C>2), n la s6 d6i twong dit liéu, D 14 s6 dic trung cua dir
lidu (s6 chiéu vector dic trung). A = {A1, A,, ..., Ac} 1a cac tam cum, dg 12 binh
phuong khoang cach Euclid tir d6i tuong dit liéu x; €X téi tam cum A, duoc

dinh nghia nhu sau:

do 1%, A IF= 06 ~A) =306 ~AJ"e=1C.i=In (2.0

Goi P=[Mei]nxc 12 ma tran d6 thudc (biéu thi mic dd ma mdi diém dit liu

X; €6 thé thudc vao cac cum khac nhau A.) véi rang budc:



-

O0<u,<1 Vi=1n,1<c<C

Zluci =1, Vi=ln (2.2)

N

O<i,uci, Vv ¢=1,C
i=1

Ma tran d6 thuéc p duoc udce luong khi giai ham muc tiéu caa FCM cho
bai cong thuc (2.3):

Jrem (A’/’I’X):iZﬂCﬁ) Hxi _'AtHZ (2.3)

i=1 c=1

Cong thtc tinh ma tran do thudc p= [Mei]nxc nhu sau:
1
Mg =—""" 3 p>1 (2.4)

C d p-1
)

O day, tap thm cum {Ac}duoc tinh nhu sau:
iﬂisxi
_ i
Zﬂig
i=1

S6 mil p>1 duoc str dung dé diéu chinh trong s6 anh huéng caa cac gia tri

A c=1C (2.5)

ham thudc, p 16n s& ting 6 Mo cua ham muc tiéu Jeew. DI voi ham muc tiéu
FCM thi thuong lya chon p=2. Vi thuat toan FCM co ban duoc trinh bay trong
PL5 cua luan an.

Thuat toan phan cum mo duogc &p dung trong nhiéu linh vuc khac nhau.
Tuy nhién khi thyuc hién phan cum trén cac tap dir liéu Ion, thuat toan FCM phu
thudc vao viéc khoi tao cac tdm cum hoic khoi tao ma tran do thuoc, néu khoi
tao khong tét co thé dan dén hoi tu dia phuong va mat nhiéu nhiéu vong lap
tinh toan [38].
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Trong CBIR, tap dix liéu anh tho duogc biéu dién dudi dang cac vector dic
trung marc thap hodc dic trung muc cao hoic két hop ca hai loai dic trung trén.
Cac vector biéu din anh thuong c6 chiéu rt cao véi muc dich dién ta dugc nhiéu
noi dung cua anh va giam khoang cach ngir nghia. Do khéng gian cua tap dir liéu
vector dic trung c6 chiéu rat cao nén viéc phan cum dit liéu gap nhiéu tro ngai
trong tinh toan. C4c thuat toan phan cum vector dic trung duoc ap dung dé phan
hoach khéng gian vector dic trung thanh nhiéu cum dién hinh nhu thuat toén
phan cum FCM (Fuzzy C-Means) [9, 38, 101]. Vi phan cum ma c6 thé lién két
mdi diém dit liéu voi nhidu hon mét cum véi mic d6 thude trong khoang tir 0
dén 1. Do vay, dé ap dung duoc thuat toan FCM trong phan cum vector dic
trung anh ta can hiéu chinh trong buéc khéi tao va & phép tinh ma tran d6 thuoc
duoc thuc hién & phan sau.

Cho trudc mot co sé dir lieu (CSDL) vector dic trung muc thap
LF = { LF

}.... €R™cta tap CSDL ¢6 n anh véi LF; 1a vector dic trung D chiéu
cua anh I;, dir lidu dic trung muac thap LF duoc phan thanh C cum (s6 cum dé
xuat thuong bang khoang 5-10% cua cac diém trong CSDL), thuat toan lip
FCM theo céng thie (2.1) cuc tiéu hda ham muc tiéu theo cong thic duoc viét
lai nhu sau:

n C

IAW=X> w|LF -A| — min (2.6)
i=1l c=1
Trong d6 cac hing sé p > 1, CeN*, 2<C<n, D=dim(LF), Vi=1n va do

do khoang cach Euclide:

D - -
LR ~A =Y (LF,~A,)", ve=1C, i=In (2.7)
j=1
Cho P ky hiéu 1a do thudc cua dic trung mac thap LF cua anh thu i ddi
véi cum ¢, i =[[ei]cxn 1a ma tran d6 thude déi tuong kich thude Cxn, cac rang

budc cho ma tran do thudc [ci]cxn theo cdng thirc (2.2).
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Dé dat duoc két qua téi uu, cdng thac 1ap giai ham muc tiéu (2.6) dat cuc

tiéu vai cac thanh phan A va it =[] cxn dugc cho nhu sau:

_1.C,i=1nu, = L
ILF - /xn}—l (28)
{ZIILF Al
. iﬂcF:LFl
ve=1C A =F—ro (2.9)

Doub
i=1

Nhan thay rang trong cong thic (2.8) va (2.9) & trén, tat ca cac vector dac
trung cua CSDL anh déu tham gia vao viéc tinh toan lai tm cum va ma tran do
thudc. Twong tu nhu K-means, khi cap nhat tam cum mai thi thuc té 1a khéng
phai tat ca cac phan tir diém dit liéu déu ¢ anh huéng dén qua trinh hiéu chinh
tam cum, ma chi c6 cac phan tr gan tdm cum Ac nhat méi tham gia vao viéc
hiéu chinh tam [46].

Do cac dic diém trén, luan an dé xuét cai tién cac cong thic (2.8) tinh ma
tran d6 thudc nhu sau:

1 — .

— M, ¢, VC=1C, 1=1, (2.10)
ILF - Al |7
{ZIILF Al

Va cbng thirc (2.9) tinh tam cym dé xuat nhu sau:

H,; = max

Z :uc?nbest(i') LFnbest(i')
A=t , Vc=1C (2.11)

p
Z :uc,nbest(i')
i=1

Trong d6 Y. 1a mot hang sé duong rat nho va n, 1a tham sé chi s6 cac

vector dic trung cua CSDL anh | gan A nhat va nbest(i) I vector tht i trong
nbest vector gan A. nhat.
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Cubi ciing ta chuan héa cac d¢ thudc | 4, | theo cong thic:

Cx

Ll Czlv_ca i:ﬁ

. (2.12)

c'=1

/uc,i =

Viéc chuan héa nay dam bao tong cac d6 thuoc cua mot mau dix liéu cho

. C
trugc lubnbang 1. >4, =1 c=1C, i=1Ln
c=1

Thuat todn FCM cai tién dé xac dinh cac tdm cum (chinh 1a cac diém neo)

nhu sau:

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

Input: LF ={LF} __dit li¢u ddc trung mirc thip, hang s6 p > 1, C s cum
mong nudn (C c6 thé rat 16n tir 10% dén 20% cua sé cac anh trong CSDL),
D =dim(LF), i=Ln, n, 12 s& nbest cac didm gin mot tim cum A,c=1C , >
0 va Limax 12 56 vOng lap téi da.
Output: Tap cac tam cum (diém neo) {A}_ ..
Buéc 1:
1.1 Khai tao tap tam cum (*)
1.2: Tinh Jo(A,p) theo cong thic (2.6) (St dung FCM gdc giai ham
muc tiéu nay)

Bwoc 2: Lap 1=1,L:

2.1: Tinh ma tran do thuoc i =| 4, ], theo cong thirc (2.10).

2.2: Chuan hoa céc do thuoc {4} theo rang budc (2.2) va bing

1<c<C I<i<n
cong thuc (2.12)

2.3: Tinh lai tdm cac cum {&} theo cong thuc (2.11).

1<c<C

2.3: Tinh J|(A, ) theo cong thac (2.6).
2.4, Ra khoi vong lap néu J,(A 1) = J,,(A 1) (sai s6 dusi ngudng)
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hoac I>Lmax.

Budc 3: Travé (A}

1<ce<C *

(*) {a. Khi tgo bang K-means;

b. Chon C vector phan biét, ngau nhién trong tap vector di lidu {LFi};

¢. Khdi tao ma trdn do thuée thira ngau nhiéu pei Vi kich thuéc Cxn 14 céc gia tri
ngau nhién nhé theo rang bugc (2.2)}

Véi viéc @& xuit cac cdng thirc cap nhat ma tran d6 thuoc theo (2.10) va
hiéu chinh tdm cum theo cong thuc (2.11) dam cho thuat toan cai tién lvdc-
FCM c6 thé thuc hién khoi tao bang nhiéu cach theo (*) véi sé luong tap tam
cum c0 thé rat lon.

Do phrc tap cua thuat toan 2.1 1a:

Budc khoi tao C thm cum bang thuat toan K-means 1a: O(n*C*D)

Xac dinh n x C khoang céch gitta ting tam cum va cac diém di liéu:

O(L*n*C*D)

Xac dinh ny lang giéng ting tam cum: O(1)

Do phuc tap cua phan ude luong ma tran do thudc: O(L*C*n,)

Do phuc tap cua phan cap nhat thm cum: O(L*C*n, * D)

Do vay d6 phuc tap toan bg thuat todn la: O(n*C*D)+ O(L*n*C*D)+
O(L*C*n,)+0O(L*C*n,*D) & day D la sé chiéu vector, L la s6 vong lap téi da,
C 1a sb tam cum, ny, 12 s6 nbest cac diém gan mot tam cum A..

2.2.2. Tim cdc diém neo gan nhdt ciia mét diém di lidu

Budc thir hai cua viéc xay dyng do thi neo 1a tim cac diém neo gan nhat
cho mdi diém dir liéu dic trung mac thap LF;. Diéu nay c6 thé dé dang duoc
thuc hién bang cach st dung cac o do khoang cach d(LFi, Ac) di duoc chuan
héa nhu Euclide, Mahalanobis gitta méi diém dir liéu va tam cum (tap cac diém

neo) nhu trong Thuat toan 2.2 sau:
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Thuat toan 2.2. S_Neighbors(LF,U)

(Xac dinh s diém neo gan nhat caa mdi diém dir liéu)

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

Output: s diém neo gan nhat cho mdi diém dit liéu LF:.

1 fori=1:ndo

2 forj=1:Cdo

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

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

5: return s = anchor_neighbor

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

argpartition: Ham nay nhan vao mot mang va mot sé nguyén s, tra veé
mang gom s chi sb ctia cac phan tir nho nhat trong mang dau vao.

Két qua tra vé 1a s diém neo gan diém mdi diém dir liéu LF; nhat, ta ky
hIéU la A[s].

2.2.3. Tinh treng sé héi quy gida diém neo va diém di liéu

Xay dung ma tran trong sé z e R"biéu dién méi quan hé giira cac vector
dic trung muc thap trong LF={LF}.. eR™ va cac diém neo trong
A={A}..c. Hamgiatri r(LF)|r:LF >R dugc udc luong cho mdi diém dix liéu

véi cac diém neo nhu 13 mot trung binh trong sé cua cac nhan trén diém neo.

r(LF) =Y z,r(A), i-Ln (2.13)
C
A ) =1
Vi didu kien 2% (2.14)
2,20

Do vay khi d4 tim thay s diém neo lan can cua timg diém di liéu, cac trong
s6 hoi quy giira diém neo va cac diém dit liéu dugc xay dung bang cach giai

quyét bai toan t6i vu hoa sau:
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INN (LF)] 2

X — Z &eNN(LF;)ZiS

s=1

min £(z,) = (2.15)

Véirang buoc Y’ z,=1,2>0 (2.16)

Trong d6 NN(LF;) 1a chi sb cuia cac diém neo gan nhat caa LF;.

Bai toan dit ra muc tiéu tim ra mot vector trong sb z cho mdi diém dir ligu
LF; sao cho tong trong sé cua cac diém neo gan nhat nhan véi trong sb cua
ching, s& tai tao lai LF; mot cach chinh xac nhat. Céng thac tinh z; (2.15) va
diéu kién (2.16) dam bao rang tong trong sé 1a 1 va céc trong sé khong am.
Ngoai ra, cong thuc (2.15) va diéu kién (2.16) chi xét va biéu dién mirc do lién
quan caa s diém neo gan mot diém dix liéu ma khdng can xét mbi quan hé giira
tat ca cac diém neo véi mot diém dir liéu. Picu nay dam bao cho ma tran Z={z;s}
la mot ma tran rat thua. Pay 1a mot phan quan trong trong viéc xay dung céac
dic trung hodc khong gian dic trung mdi tir dix liéu goc, ¢ d6 cac mdi quan hé
cuc bo gitra cac diém dir liéu duoc bao toan.

Dé tinh vector trong s6 hdi quy z; cua mdi diém dix liéu véi cac diém neo
gan nhat, luan &n sir dung phuong phap hoi quy ham nhan Nadaraya-Watson

dé gan céc trong so theo cong thuc (2.17):

d|LF,
de[ I Akn}
Z; = d||SL|:. Al vkeN, ) (2.17)
ki Z de[ d|’ J .
keNy, (i,s) S
0 vk & N,(i,s)

Dé gan trong so cho z ta sir dung ham nhan Epanechnikov 1a phuong
trinh bac 2:

%(1—t2) if |tj<1

K (t) = (2.18)

0 otherwise

Va céc thdng s6 nhu sau:
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N, (i,s) = nbest(|LF,, A|];s).
d, = max {d(LF,A)}

S 1eNy(i.s)

(2.19)

Véi nbest(i) 14 vector tha i trong nbest vector gan A. nhat va d(LF;,A)-
khoang cach L, gitra hai vector c6 cung kich thudc.

Véi k 12 chi sb cua diém neo cu thé khi dang xét dén méi quan hé gitra mot
diém dir liéu x; va diém neo d6 A trong qua trinh tinh toan trong sé z. | 1a chi
s6 dung dé lap qua tat ca cac diém neo trong qué trinh tinh tong mau sb cua
phan s6 khi tinh z;. Mau sb nay 1 tong trong sé cua tat ca cac diém neo d6i véi
diém dit liéu cu thé x;, duge dung dé chuan hoa trong s zq; sao cho tong trong
s6 d6i voi mdi x; bang 1.

Hinh 2.3 minh hoa cach cac diém dix liéu dugc két ndi véi cac diém neo,

trong d6 cac canh 1a trong sb hdi quy.
Céc diém DL

LF
1.' Blem neo

ZH-J 121 B
LF, o> /AA,

/AAQ
LF
3* //7 zytzytzy=1
// K Aa,

__f" ™,

LF; O
Hinh 2.3. Biéu dién dd thi Neo ciia diém dir liéu LFi va diém neo Ax Véi zi
la trong s6 hdi quy biéu dién méi quan hé giira dir liéu va diém neo (s=3)
2.2.4. Xay dwng ma trgn hoi quy
Trong budc nay ta xay dyng ma tran hdi quy Z nhu sau:
Z... =12, Viefi,..,n} 1<k<s; (2.20)

i<k> i
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Véi <k> 1a cac chi s6 cua s diém neo gan diém dit liéu i nhat (duoc tim &
thuat todn 2.2) va ma tran Z cd chiéu (Cxn).

Viéc xay dung ma tran hoi quy dugc thuc hién nhu trong Thuét toén 2.3.

Thuat toan 2.3. Regression_Weights(LF, U, s)
Xay dung Ma trdn hoi quy

=S _ Neighbors(LF,U)

3: Tinh z theo cac cong thuc (2.17), (2.18), (2.19)
va theo rang bugc (2.16)
4. Zoi =12
5: return Z
MJ3i phan tir z4 ciia ma tran Z biéu dién trong sé ma diém dir liéu LF; gan
cho diém neo A¢ (Ax €A gan LF; nhat), va trong sb nay duoc min hoa thong

qua ham nhan hdi quy. Piéu nay cho phép Z nam bat dugc méi quan hé phi
tuyén giira cac diém dix liéu va cac diém neo.

Nhu vay ma tran trong s6 hoi quy Z 1a ma tran “do mirc d9” quan hé gitra
cac diém dit liéu va diém neo; Ma trdn trong sé hoi quy Z 1a ma trdn thua, cdc
phan tir khdc 0 twong 1ng trong ma tran biéu th; mai quan hé giita cdc diém
diz liéu va cdc diém neo.,

2.2.5. Xay dwng ma trgn ké

Ma tran ké co trong s6 biéu dién mdi quan hé giita cac diém dix liéu trong tap
dit liéu LFER™P thong qua cac diém neo duoc dé xuat trong [115, 116] la ma tran
ké W duoc tinh nhu sau:

W=2'Z (2.21)
Ta ¢6 ma tran Z c6 kich thuéc (Cxn), ma tran ZT ¢6 kich thugc (nxC)
Nhu vay ma tran ké W s& c6 kich thuéc (nxn). O day mdi quan hé gitra cac
diém dir lieu: Phan tir Wj; caa ma tran W chi ra mirc d¢ twong quan giita hai
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diém dir liéu i va j. Néu W;; >0, thi ca hai diém dix liéu déu c6 méi quan hé voi
it nhat mot diém neo chung, va do d6 chiing c6 kha ning chia sé cac khéi niém
ngir nghia twong ty. Khi d6 ma tran W duoc trién khai dudi dang ma tran trong
s6 nhu sau:

Vi W= > z,%z,, 1<ij<n (2.22)

w :(W
keN, (i,8)AN, (j.5)

i )1si,jsn+1

V6i Ny(i) va Ny(j) 1a tap cac lang giéng tot nhat caa i va j twong tng (tac 1a
cac diém dir liéu caa i va cac diém dir liéu caa j c6 chung s diém neo). Hinh 2.4

mo ta quan hé giita cac diém dit liéu thdng qua ma tran trong sé hdi quy Z.

LF.
1 ¥
. Diem neo

Wyo=22;%2

==, Hz P ol
Wp3=Zpp¥Z03%242%243

237

L.FEO

Hinh 2.4. Ma tran ké W biéu dién méi quan hé giira cac diém dix liéu

V&i mdi phan tir Wi biéu dién muc d6 twong quan giira hai diém dir liéu
dua trén cach tat ca cac diém neo lién két vai ching. Mic di W khdng tryc tiép
biéu didn mbi quan hé giita cac diém dir liéu trong khong gian gdc, nhung nd
cung cap thdng tin vé méi quan hé gian tiép gitra chiing khi ta xem xét cach
ching lién két voi cac diém neo chung.

Nhu vay, thay bai biéu didn mdi quan hé gitta cac diém dix liéu théng qua
ma tran W ¢6 kich thudc rat Ion (nxn) va khdng kha thi trén cac tap di liéu 16n
bang cach luu trir va tinh ma tran Z ¢6 kich thugc (Cxn) nho hon nhiéu (C<<n)

ma van bao toan duoc s6 chiéu biéu dién dir liéu.
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Véi ma tran W duoc xay dung nhu trén s& dam bao mot sé tinh chat sau:

Tinh thua (sparseness): Ma trn Z thua tao nén tinh thwa cta W, tic 1a hau
hét cac phan tir trong ma tran W c6 gid tri gan bang 0. Diéu nay phan anh thyc
té rang da s cac diém trong dd thi chi c6 mot sb lugng nho cac canh két ndi toi
cac diém khéac.

Tinh khdng &m (nonnegativeness): Ma tran W c6 tinh chat khdng am,
nghia 1a tat ca cac phan tir trong ma tran déu khdng &m. Tinh chat nay thé hién
tinh chat ty nhién trong dit liéu thé gigi thuc, khi mdi quan hé gitra cac yéu té
lubn tich cuc hoac khéng tich cuc nhung khong thé tiéu cuc.

Ngoai ra ma tran ké W ¢ tinh chat ban xac dinh duong? Tinh chat nay
chi ra tat ca céc gia tri riéng caa ma tran déu khdng &m hoic bang khong. Biéu
nay c6 ¥ nghia quan trong trong cac thuat toan dya trén do thi Laplacian, gitp
dam bao tinh chat on dinh va hop Iy trong cac phan tich va tinh toan lién quan
dén do thi [125].

Do vay quan hé ké nhau cta hai vector dic trung anh duoc xay dung dua
trén cac diém neo thay vi dua trén quan hé s-lang giéng cua ting vector anh,
nghia 14 LF; goi 1a ké LF; néu i# va ton tai mot diém neo chung A; niao d6 sao
cho A. la s-lang giéng diém neo cua mdi LF; va LF;; (s- 1a s6 phan tir 1ang giéng
j tot nhat cua i).

2.3. Ky thuat xép hang trong EMR

Vi CSDL vector dic trung muc thap LF ={LF, .., LF,} e R"®cuaa n anh va

mdi vector dic trung c6 D chiéu (D=dim(LF)). Tap A={A, .., A.JcR°1aC (C

cum) diém neo thu duoc tir thuat toan Ivdc-FCM c6 sé chiéu 1a D. Sau khi xay

2 Positive semidefinite (PSD-ban x4c dinh duong): Mot ma tran A duoc goi la ban xac
dinh duong néu nd thoa man diédu kién: x"4x>0 véi moi vector x #0.
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dung cau tric do thi neo vai tap cac diém neo 14 it bién dong [116], ky thuat
lan truyén va tinh toan xép hang EMR giita diém tra ciu va cac diém trong
CSDL dugc thuc hién thong quan viéc giéi ham muc tiéu sau :

EMR(r:Q) =1

2 J<n+1

+yzur | |~ min (2.23)

'J

Pé giai ham muc tiéu trén, trong xép hang da tap thuong I3p giai phuong trinh:
r¢t+1) =aSr(t)+(l-a)y (2.24)

Hoac giai bang phuong trinh dong  r* = (1 —aS)™y (2.25)

r 1a vector diém sé xép hang.

Q la tap dix liéu truy van

w;j 1a trong sé gitra cac diém i va j.

u 1a tham sé diéu chinh.

Dii 12 tong trong s cua céc lién két véi diém i. D, il ni:w (2.26)

=
r.=y=[10,0,.] 1a vector khai tao xép hang ban dau (ri= y;=1 néu x; 1a
diém truy van).

S=DYAWD™ (2.27) 12 ma tran chuyén tiép caa d6 thi, md ta xac suat
chuyén tir mot nat dén cac nat khac.

| Ia ma tran don vi kich thudc nxn,

a: La mot hé sé 1am min (thuong nam trong khoang tir 0 dén 1), dai dién
cho xac suat mot 'budc di ngau nhién' sé& tiép tuc di chuyén tir nat hién tai dén
mat ndt ké bén theo cau trac do thi.

Vector xép hang da tap hiéu qua thu dugc la vector 1™ = (I, )., 12 két qua xép
hang cudi ciing c6 thir ty giam dan theo d6 tuong tu voi Q thu dugc khi thuc
hién 13p giai phuong trinh (2.24) hoic tinh truc tiép theo phuong trinh déng
(2.25).
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Trong cé4c pha tra ctu, thong thuong cac diém truy van cd thé c6 hoic
khong c6 trong CSDL. Va dé thuan tién trong tinh toan, trong cac trudng hop
tagan s =Q, . =1 1, =0,i=Ln,

a) V&i truong hop diém truy van c6 trong CSDL:

Viéc tinh toan xép hang dugc thyuc hién theo phuong trinh (2.25): Khi d6
S bién ddi theo Z nhu sau: S = D YAWD Y2 =D Y2Z27ZD 2 (thay W bang
cong thic (2.21)). Va tir cong thire (2.26) tinh D ta ¢6 thé thuc hién viéc bién
d6i nhu sau:

n+1

D,=>2'z,=2zv (2.28)
=

TrongdozilacotthriciaZva v = Zﬂl z, . Nhu vay khi tinh D ta khong
i=1
can tinh va liu trit ma tran W.

Dit H —zD 2,tac S = H"H khi d6 vector xép hang dang déng cudi

cuing r”* duoc tinh tryc tiép tir cong thic (2.25):

Thay S=H"H vao cong thuc r" = (1 —aS)ty ta co:

r'=(1,—aH™H)" yz(ln —HT [HHT —é 'le HJy (2.29)

H 1a ma tran méi duoc xay dung dua vao ma tran Z va ma tran duong chéo
D; va kich thuéc cua H la Cxn.

Chitng minh cong thirc (2.29) nhu sau: Takiémtra (1, —aH™H ) lan cua

-1
{|n —HT (HHT 1 'Cj HJthidu’QC ma tran don vi I,. Ta co:
o

(1, —OCHTH)[I” —HT[HHT —ilcj_lHJ

(24



61

-1

=1, —aH"H —(HT" —aHTHHT)[HHT —ilcj H
(24

-1
=1, —aH H+aH" [—ilc +HHT)[HHT —ilc) H
(24 (04

= In—aHTH +~aH™H

Khi tinh toan xép hang theo phuong trinh (2.29), phan nghich dao (chi phi
tinh toan phiic tap nhat) chuyén tir ma tran nxn sang ma tran CxC. Néu C < n
, thay doi nay c0 thé tang toc dang ké viéc tinh toan xép hang da tap. Do do,
viéc ap dung phuong phap nay cho hé théng tra ciu theo thoi gian thuc 1a kha
thi.

b) Khi diém truy van nam ngoai CSDL: Théng thudng trong cac hé théng
tra ctru, diém tra ctiru thuong khong cé trong CSDL. Do vay véi mot truy van
méi thi ta thyuc hién tinh s diém neo gan ké véi diém truy van (theo thuat toan
2.2), sau d6 gan trong so giira diém truy van va s diém neo gan ké caa né va

hinh thanh cot Méi Zexge1) goi 13 z (hinh 2.5).

Hinh 2.5. Mé réng ma tran Z véi mau méi [116]
Khi d6 tacé: D, =z/v, h =2z D;?véi hila cot msi cua ma tran H. Bé
tinh nhanh cong thirc xép hang dang déng (2.27), ta chi quan tdm dén viéc tinh

toan nghich dao:

-1

B:[HHT_£|CJ [iz:l:hihf—élcj_l (2.30)

(04

Va B’ la cua cot hy méi thém vao duge tinh nhu sau:
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(94

B':[zn:hih:mihf—ilcjlzs (2.31)
=)

Khi n rat 16n va h, rat thua; ta c6 thé xem xét ma tran B nhu nghich dao
ciaa mot ma tran hiép phuong sai. Phuong trinh (2.31) chi ra viéc thém mot
diém don 1¢ s& khéng anh huéng dén ma tran hiép phuong sai ctia mot co s
dir liéu 16n. N6i cach khac, viéc tinh todn cua B c6 thé duogc thuc hién ¢ giai
doan ngoai tuyén.

Khi d6 vector khai tao y; ban dau nhu sau:

_| O 2.32
=y 232

Véi 0, la vector 0 ¢c6 @6 dai n.

Va cong thirc xép hang dang déng (2.27) duoc viét lai nhu sau:

n+1)x1 __ . HTB On
ﬂ)-{nﬂ[wBﬁHn@L} (2.33)

Trong cong thic (2.33) ta tap trung va viéc xép hang n phan tir dau caa r

va dugc tinh:
r™* = —HTBh, = Eh, (2.34)

Véi ma tran E=-H™B duoc tinh & pha ngoai tuyén. Do vy viéc tinh toan
xép hang theo cong thirc (2.34) s& thuc hién dugc theo thoi gian thyc, dam bao
cho viéc tinh toan khi diém truy van khéng c6 trong CSDL.

2.4. Thuat toan EMR véi lvdc-FCM trong CBIR

Pé khic phuc han ché cia EMR luan an dé xuat phuong phap méi dé xac

dinh cac diém neo va thyc hién ap dung trong CBIR dé xuat nhu hinh 2.6 mé ta

quy tim diém neo theo Ivdc-FCM va xép hang.
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Hinh 2.6. Xay dung a6 thi EMR véi lvdc-FCM

Trong thuat todn xép hang da tap hiéu qua EMR, db thi diém neo luén 1a
6n dinh va mdi diém dit liéu ludn dugce tinh toan doc 1ap va tim dugc s diém
neo gan nhat. Do vay véi mot truy van méi thi ta chi viéc gan trong sé giira
diém truy van va s diém neo gan ké ciia no (tinh Zcxe1)) tao ra mot cot moi
ctia ma tran Z (hinh 2.5). Mét diém c6 tac dong rat nho ddi véi cac diém neo
6n dinh trong CSDL rat 16n.

Thuat toan xép hang da tap EMR gbc duogc thay d6i lai khi st dung tap

cac diém neo xac dinh bang thuat toan lvdc-FCM nhu sau:
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Thuit toan 2.4. EMR-(lvdc-FCM) (Thudt toan xép hang EMR si dung
Ivdc-FCM dé xdc dinh cac Anchor point).

Input: {LF},__ dit liéu diic trung mirc thap.

LFq: dic trung mic thap cua anh truy van.

C: sb luong diém neo cua thuat toan EMR, thamsé a € (0,1) (a = 1),

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

Output: r={r}__
li trong CSDL anh E.

Pha offline:

Buéc 1: Chuén hoa {LF}

Bwéc 2: Tim tap diém neo bang thuat toan lvdc-FCM (thugt toan 2.1)

Buwéc 3: Tim s diém neo gan mot diém dix liéu theo thuat toan (2.2)

Bwéc 4: Tinh ma tran hdi quy Z theo thuat toan (2.3)

Buéc 5: Tinh W véi W=Z"Z

Buéc 6: Chuan hda S=H™H

.t €[0,1], vi=1n 14 th hang tuong tu véi anh Q cua anh

theo thuat toan 3o-opt [93]

1<i<n

1

(véi H = ZD 2) va tinh D theo cong thiic (2.28)
Pha online:
Buwdéc 7: Mo rong ma tran Z, tinh Zg = Z,+1 theo thuat toan (2.3) (*)
Buéc 8: Pt lo={r},.,. H=0vi=ln 1, =10
Tinh toan xép hang theo cdng thic (2.29) (**)

Budéc 9: travé r={r }.,.

(*) Mo rong ma tran Z theo EMR dwoc thuc hién theo thudt toan (2.3): Si
dung C gié tri khodng cach cia Q véi cac phdn tiz neo cua A., ching ta thu
dirgC ma trdn trong sé Zq =Zn+1 MGi ¢6 kich thuwéc C x (n+1).

(**) Ter ma tran trong sé Zo chiing ta xdc dinh vector thi hang T, bang
cach gidi phwong trinh 1Gp r(t+1) = aSr(t)+ 1)y (doi véi CSDL) lén hodc
tinh toan xép hang theo dang nghiém déng r" = (1 —aS)y .

O budc 7, d6i véi mot tap dir liéu 6n dinh, EMR-(Ivdc-FCM) ta khong
thuong xuyén cap nhat cac diém neo. Sau khi nguoi ding chi dinh hoic dua
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mét hinh anh 1am truy van, anh duoc trich rat cac dic trung ctia nd, cap nhat
lai ma tran trong sé Zq theo C khoang cach giira Q véi cac diém neo theo thuat
toan (2.3) va tinh toan truc tiép cac diém xép hang bang phuong trinh déng
(2.29). Cac hinh anh c6 diém xép hang cao nhit duoc coi la c6 lién quan nhat
va duoc tra vé cho nguoi ding.

Thuat toan 2.4 duoc thyuc hién sau khi di udc luong duge C diém neo cé
d6 phuc tap: O(C*n) + O(C®) 14 twong duong véi do phic tap caa EMR gdc.
2.5. Thuc nghiém va danh gia két qua
2.5.1. Pdnh gid hiéu qud cia cia thugt toan lvdc-FCM dé xudt

Trong phan nay luan an tao ra tap di liéu nhan tao bao gom 3000 diém di
lidu vé&i sb chiéu vector 20D la tap dix liéu tron 13n cac tap swiss_roll, tap
moons, tap s_curve, tap friedman3 va tap gaussian_quantiles; cac tap dir li¢u
nay la cac tap dir liéu nghién ciru dién hinh cua cac tap dir liéu da tap duoc
nghién ciru va dé xuat tir thu vién sklearn.datasets [48] dé tao ra cac mau dir
liéu c6 dang dac trung khac nhau.

~750
=300,50

0
250 _
X lapg, 7500 0

Hinh 2.7a. Truc quan hoa dir ligu  Hinh 2.7b. Trwc quan hoa dir li¢u
20D véi t-SNE 20D véi PCA
Ta nhan thay, vai cach truc quan hoa céc tap di liéu da tap duoc dé xuét
theo [48] rat kho dé hinh dung khi ta st dung céc thuat toan giam chiéu dit liéu
hién dai nhu t-SNE hoac PCA. Do vay véi cac thuat toan phan cum théng
thuong ap dung cho céc tap dir liéu nay thuong dat hiéu qua khéng cao.
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Dé danh gia tinh hiéu qua cua lvdc-FCM dé xuét luan &n ding chi sé danh
gia danh cho céc thuat toan phan cum nhu:

Silhouette Score [85]: chi s6 do ludng muc d6 tuong tu gitra cac diém dir
liéu trong clng mot cum so véi cac diém dit liéu trong cac cum khéc. Gia tri
cua chi sb nay niam trong khoang tir -1 dén 1. Gia tri cao hon cho thiy cac diém
dir liéu trong cling mot cum tuong ty nhau hon va khac biét hon so véi cac diém
dix liéu trong cac cum khac. Mot gia tri Silhouette Score cao cho thay két qua
phan cum tot hon.

Davies-Bouldin Score [100]: Chi sé6 Davies-Bouldin danh gia mutc do
trung binh cia "do twong ty" gitra C4c cum, trong d6 do tuong tu dugc do bang
ty 18 giira khoang cach giira cac diém trung tdm caa cum va tong do phan tan
cua hai cum. Gid tri cia chi s6 nay nam trong khoang tir 0 tro 18n. Gia tri thap
hon cho thay két qua phan cum tot hon, vi cac cum tach biét hon so vai nhau.

Calinski-Harabasz Score [112]: Chi s Calinski-Harabasz danh gia mirc do
phan tan giira cac cum va phan tan bén trong cac cum. Gia tri cua chi s6 ndy nam
trong khoang tir O tré 1én. Gia tri cao hon cho thay két qua phan cum tét hon, vi ty
I¢ gitra phén tan gitta cAc cum va phan tan bén trong cac cum Ién hon.

Xie-Beni index [43, 69]: La mét chi s6 duoc sir dung dé danh gia chat
lwong cua mot phan cum mo (Fuzzy clustering) dix liéu. Chi s Xie-Beni duoc
st dung nhu mét cong cu dé tim ra s6 lugng cum tét nhat cho mét tap dix lidu
nhat dinh, bang céach thir nghiém céc gia tri khac nhau cho sé luong cum va so
sanh céc gia tri Xie-Beni twong (ng. Khoang gia tri caa Xie Beni 1a tir 0 dén vo
cling, vai gia tri cang thap thé hién mot mae d6 tét hon cta phan cum. Thong
thuong, Xie Beni duoc sir dung dé so sanh su phan cum giira cac thuat toan
khac nhau hoac gitra cac phuong phap phan cum khac nhau cho cung mét tap
dir liéu va chu yéu dung cho ho cia phan cum mo (Fuzzy clustering). Chi s6
cang thap thi phan cum cang tot. Chi s6 Xie-Beni index dugc tinh bai cong thirc

Sau:
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n C

22 Ui X = AP

=1 i=1

XBindex - . 2
n.min|[A - A |

i=k

Thuc hién danh gia trén tap di liéu 20D véi 3000 diém, sé cum 30,
nbets = 100; s6 vong lap I6n nhat 1a 150;

Bang 2.1. Két qua céc chi s6 danh gia trén tap dir liéu nhan tao 20D

Thuat Silhouette Davies-Bouldin Calinski- Xie-Beni
toan Score Score Harabasz Score index
K-means 0.45217 | 1.012239001369301 19915
FCM 0.44329 |1.0178483330467862 | 19914.74451 0.00212
lvdc-FCM | 0.48825 |1.0278284360498895 | 19932.72572 | 0.00149

Chi s6 Xie-Beni index do ¢ sy tham gia cua 3 thanh phan gom tap dir
liéu, tap tdm cum va ma tran d6 thuoc (khong cé ¢ K-means) nén chi so sanh
véi K-means & chi s6 nay. Voi bang két qua nay cac chi sé cua lvdc-FCM, FCM
déu tét hon so voi K-means & mic do phan biét cac tam cum.

Véi ho thuat toan phan cum mo (Fuzzy clustering), két qua thu duoc 1a
tap tdm cum, tap ma tran d6 thuoc, do vay cac chi sé Silhouette Score, Davies-
Bouldin Score, Calinski-Harabasz Score khong phi hop dé danh gia chat lugng
cua cac thuat toan phan cum mo (cac tham sé danh gia khong co sy tham gia
ctiia ma tran do thuoc). Trong phan nay, luan &n ding cac chi sé Xie-Beni index,
IFVIndex (Index of Fuzzy Validity) [69] dé danh gia thuat toan Ivdc-FCM voi
FCM géc.

Chi sé IFVIndex (Index of Fuzzy Validity) [69] 1a mot phép do duogc sir
dung dé danh gia chat luong cua phan cum mo (fuzzy clustering) trong kha nang
phan chia cac nhdm va tinh mo cua phan cum. IFVIndex cung cap mét sb liéu
danh gia vé su tach biét va su tap trung cua cac nhém phan cum, dua trén cac gia
trj tap hop ddng nhat (fuzziness) va gia tri tap trung caa cac diém dir liéu trong

mdi nhdm. Gia tri @6 do IFVIndex duoc tinh boi phuong trinh sau:
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-1 k=1

k]
Gia tri IFVIndex cai dat trong thuc nghiém ti € thuan véi vai hiéu nang
cua cac thuat toan.

Bang 2.2. Chi sé Xie-Beni index va chi s6 IFVIndex trén tap di liéu 20D

véi 3000 diém, s6 cum 30, s6 vong liap 150.

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

Véi tap dir lidu dic trung mic thap duoc trich chon tir CSDL anh (tap
Corel30K, tap logo-2K+, tap VGGFACEZ2-S), luan an thuc hién danh gia chi
s6 Xie-Beni index dé so sanh FCM géc va Ivdc-FCM. Bang két qua nhu sau:

Bang 2.3. Chi s6 Xie-Beni index va chi s6 IFVIndex trén tap dir liéu

LF809 ciia tap dir liéu Corel30K s cum 5000 va sé vong lip 100

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

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

Truc quan héa dit lidu vector dic trung 809D v&i t-SNE va PCA 3 chiéu
cua dit liéu dic trung muc thap Corel30K.
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t-SNE PCA

Hinh 2.8a. Truc quan héa dir licu  Hinh 2.8b. Truc quan héa dir liéu
diic trung mirc thap 809D bing diic trung mirc thap 809D bang
t-SNE cua tap Corel30K PCA cia tap Corel30K

Véi két qua truc quan hoa dir liéu dic trung muac thap cua tap dir liu
Corel30K bang 2 phuong phap (thuc chat 1a giam chiéu dir liéu) t-SNE va PCA
cho thay khi s6 chiéu dic trung qua 1on (c6 thé nhiéu hon sé mau cé trong tap
dix liéu) thi giam chiéu dix liéu khong dem lai hiéu qua trong viéc biéu dién di
liéu trong khong gian mai.

2.5.2. Ddnh gia hi¢u ndng tra ciru danh véi EMR-(lvdc-FCM)

Trong thuc nghiém, luan an stir dung nam mo ta cho cac dac trung nhu
trong cong trinh nghién ctu [CT1, CT2] d6 1a: vector 81 chiéu mo ta md men
mau (GCM), vector 59 chiéu md ta mau nhi phan cuc bd (LBP) cho dic tung
két cau, vector 120 chiéu mo ta song két cau (GWT), vector 37 chiéu md ta
biéu d6 hé s goc (EHD) va vector 512 chiéu mé ta GIST cua didc trung hinh
dang. T4t ca cac md ta dic trung nay duoc chuan hoa theo phép chuan hda 3o
opt [97] ¢& mdi thanh phan cua ching déu nam trong khoang [-1,1]. Po do
tuong tu giira cac cap anh trong mdi mo ta duoc tinh todn sir dung khoang céch
Euclid. Cac mé ta dugc st dung trong thir nghiém va cac dac tinh cua chung

duoc chi ra trong bang 1.1. S6 chiéu vector dic trung biéu dién cua mdi anh 1a
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dir =809 chiéu.

Trong thyc nghiém nay, ching t6i chon P, =10, nbest = 350 d6i véi thuat
toan Ivdc-FCM dé xuat.

Dbi véi thuit toan EMR-(lvdc-FCM), ching t6i chon s=5 (s diém neo lang
giéng gan nhit ciia mot vector dic trung anh).

Pé danh gia khach quan hiéu qua cua thuat toan EMR géc va EMR-(ldvc-
FCM) dé xuét trén cuing cac tap dit liéu, ching t6i sir dung mot chi sé twong tu
d6 do Average Precision (ky hiéu AP) dugc dé xuat bai NISTTREC video
(TRECVID) [97, CT1], AP dugc dinh nghia trung binh cta gia tri d6 chinh xac
thu duoc sau mdi anh lién quan duoc tra cau.

Tap anh truy vin Q duogc chon ngau nhién vai sé lugng 20 anh tir mdi 16p
theo tirng chu dé cua tap anh thir nghiém Logo-2k+, Corel30K va VGGFACE2-
S.

Vé6i mdi anh truy van qeQ, st dung cac do do twong tu cho bsi EMR
goc va EMR- (Idve-FCM) dé xuat, chiing ta chon N = 100 anh c6 do tuong tu
cao nhat. Gia tri do chinh xéc 1 trung binh ty Ié giira s6 anh lién quan trong N
anh duoc tra lai boi cac gia tri twong tu véi ting anh g. Goi tap cac phan ti lién

quan dén truy van qeQ 1a {d,,d,....d,;|, gidtri AP trén toan b cac truy van

duoc tinh theo cong thac (1.26).

Tur cac thur nghiém trén céc tap dir liéu khac nhau (Logo-2K+, Corel30K va
VGGFACE2-S), tly thudc vao s6 hinh anh trong CSDL, I6p hinh anh va hinh anh
trong mdi 16p viéc luya chon cac tham sb C (diém neo) khac nhau s& cho két qua khac
nhau. Vai viéc @& xuat thay thé thuat toan K-means bang thuat toan ldve-FCM trong
lua chon diém neo (chinh Ia tam cuia cac cum) cho thuét toan xép hang EMR-(Ivdc-
FCM) cho két qua t6t hon so véi thuat toan EMR gdc.

Trong hinh 2.9 1a két qua tra ctu d6i voi anh n000028_0158.jpg trong tap
VGGFACE2-S cua thuat toan EMR véi s6 luong diém neo 13 5000. Két qua tra
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ctu tra vé 12 20 anh c6 thir hang tt nhat, két qua c6 3 anh (khdng lién quan so Vi

anh truy van).
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Hinh 2.9. Két qua truy van ciaa EMR géc ciia anh n000028_0158.jpg
trong tap dir lieu VGGFACEZ2-S c6 3 anh sai
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Hinh 2.10. Két qua tra ciru cia EMR-(ldvc-FCM) véi anh
n000028_0158.jpg trong tap dir lieu VGGFACE2-S
Trong hinh 2.10, anh truy van n000028_0158.jpg trong tap VGGFACE2-
S cua thuat toan EMR-(Ivdc-FCM) véi s6 lwong diém neo 1a 5000, két qua tra ctu
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tra vé két qua 1a 20 anh c6 tht hang tot nhat déu lién quan (d6 chinh xéc tra cau
khi két qua tra vé 1a 20 anh dat 100% cua anh nay).

File Open

18002.jpg

18020.jpg

18019,pg 18018,jpg

T

18000.jpg

18005,pg 18017.jpg

Hinh 2.11. Két qua tra citu cia EMR-(ldve-FCM) véi anh 18002.jpg
trong tap dir liéu Corel30K két qua tra vé 20 anh déu lién quan

Pé danh gia ctia phuong phap dé xuat, luan an so sanh véi ba ki thuat
Anchor Graph Regularization (AGR) [63], Efficient Manifold Ranking (EMR)
[116], Sub-graph regularization (SGR) [122] (la cac k¥ thuat lya chon diém neo
dua vao thuat toan K-means) trén tap dir liéu Corel30K. Ly do so sanh thuat
toan EMR-(Ivdc-FCM) voi AGR, SGR va EMR la vi cac thuat toan déu cai tién
thuat toan MR dua vao viéc xay dung d6 thi diém neo, dua cau triic xép hang
da tap vao xtr Iy va kham phé cu tric noi tai cia khong gian dic trung da tap
cua anh.

Péi vai thuc nghiém nay, luan an chon ngau nhién 100 chi dé (trong tong
s6 303 chu dé cua tap di liéu Corel30K, mdi cha dé c6 100 anh) va thuc hién
chon anh truy van trong tat ca cac chu dé. Két qua tra vé sau tra cau 1a 20 anh.
Tur két qua hinh 2.12 ta thay phuong phap AGR cho do chinh xac thap nhat.
Cach lya cho diém neo trong AGR 1a chon ngau nhién tap diém dai dién trong
CSDL lam diém neo. Déi véi 2 phuong phap SGR va EMR, phuong phap lua
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chon diém neo la dung thuat toan phan cum K-means. Ciing trong hinh nay, do
chinh x&c trung binh cta phuong phap dé xuét 1a cao nhat so véi cac phuong
phap con lai.

Hinh 2.12. P$ chinh x&c ciia 4 phwong phap ¢ 20 anh tra vé sau tra ciru
trén tap dir lieu COREL30K

S6 diém neo chon 12 5000, s6 anh tra vé sau tra ctru
cua tirng chu deé 1a 20 dnh
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~ 80 l
N 4| 0Hne
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S6 chi dé
——SGR —#—EMR AGR =>—EMR(Ivdc-FCM)

O day, dya vao biéu do cd thé d& nhan thay rang mot sé cha dé dé, tat ca
cac thuat toan thuc hién tdt, va mot so cha dé khé cac thuat toan thuc hién cho
két qua tra ctru co do6 chinh xac khéng cao.

Trong cac thuc nghiém tiép theo, luan &n thuc nghiém véi pham vi trén
toan bd ba CSDL anh, sé anh dugc xép hang cao nhat lan luot tra vé sau tra ctru
1a 10, 20, 30, 40, 50 cua bén phuong phap. Vi s6 lugng diém neo lra chon 1a
5000. Cac duong cong trung binh d6 chinh xac - pham vi (average precision-
scope curves) duoc thé hién trong hinh 2.13a, hinh 2.13b, hinh 2.13c lan luot
trén céc tap dit liéu Corel30K, Logo2K+ va VGGFACE2S. Véi pham vi sé anh
tra vé 10, 20, 30, 40, 50 phuong phap dé xuat cho hiéu quéa cao hon cac phuong
phap con lai tir 6% dén 15%.
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S6 diém neo 5000 trén tap corel30k
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S0 anh tra vé

——AGR —B—EMR SGR = EMR-(Ilvdc-FCM)

Hinh 2.13a. Pd chinh xac trung binh tra ciru véi sé anh tra vé
10, 20, 30, 40, 50 trén tap dir lieu COREL30K

S6 diém neo 5000 trén tip logo-2k+
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Hinh 2.13b. P chinh x&c trung binh tra ciru véi s6 anh tra vé
10, 20, 30, 40, 50 trén tap dit ligu LOGO2K+

S6 diém neo 5000 trén tip VGGFACE2S
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——AGR -——EMR SGR —<—EMR-(lvdc-FCM)

Hinh 2.13c. P chinh xac trung binh tra ciru véi s6 anh tra vé
10, 20, 30, 40, 50 trén tap dit liéu VGGFACE2-S
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Trong cac thuc nghiém tiép theo, luan an danh gia tac dong viéc lya chon
s6 luong cua cac diém neo ddi véi hiéu qua tra ciu. Trong hinh 2.14a, hinh
2.14b, hinh 2.14c 1a cac két qua tra ciru véi cac diém neo khéc nhau trén ba tap
dir liéu thuc nghiém, sau khi thuc hién lwa chon tap diém neo véi cac sb luong
lin Tuot (3000, 3500, 4000, 4500, 5000) V6i phuong phép lua chon diém neo
véi céc thuat todn SGR, EMR la stir dung K-means, vai thuat todn AGR tap cac
diém neo lya chon ngau nhién tir cac diém trong CSDL; s6 anh tra vé sau tra
ctru tra vé 12 20 anh. Két qua trung binh cho tat ca cac chua dé cé trong tap dix
liéu thu duoc sau mot tra ciu.

P chinh xac tra ciru véi s6 anh tra vé 20 trén tap corel30k

70.0
X 65.0
=1 " —— —
‘g 60.0 . — 4':‘* R —e
3 55.0 >— & v v
< 50.0
= 45.0

40.0

3000 3500 4000 4500 5000
s0 diém neo
——AGR —l—EMR SGR =—¢—=EMR-(lvdc-FCM)

Hinh 2.14a. Puwong cong d chinh xac trung binh véi sé lweng diém neo
khac nhau trén tap Corel30K

P9 chinh xic tra ciru véi s6 anh tra vé 20 trén tap logo-2k+
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S0 diém neo

——AGR -——-EMR SGR —<—EMR-(lvdc-FCM)

Hinh 2.14b. Pwéng cong d chinh xac trung binh véi sé lweng diém neo

khac nhau trén tap Logo-2K+
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P chinh xAc tra ciru véi s6 anh tra vé 20 trén tip VGGFACE2-S
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Hinh 2.14c. Puong cong d chinh xac trung binh véi sé lweng diém neo
khac nhau trén tap VGGFACE?2-S

Véi két qua thé hién trén cac biéu do vé do chinh xéc trong tra ctru thi xu
hudng khi ting s diém neo thi dd chinh xéc ciing duoc cai thién [116], mic di
d6 chinh xac khi ting s lugng diém neo duoc cai thién dang ké nhung khi ting
s6 luong diém neo s& anh huong dén cac tinh toan xép hang (sé luong diém
neo ting tir 3000 1én 5000 thi ting dugc 3-5% do chinh xac khi sb anh tra vé
sau tra ciru 1a 20 anh). Véi s6 diém neo da chon cho cac thuat toan khac nhau,
Vvé co ban do chinh xac cua phuong phap dé xuat déu co két qua tot hon 3
phuong phap con lai va cao hon khoang 7% dén 11%.

Véi muyc tiéu cai thién d6 chinh xéc trong tra ciru ddi thuat toan da dé xuat
va viéc lua chon sé diém neo can thiét cho cac bo CSDL khac nhau trong thuc
nghiém nay luan an da tang so6 luong diém neo 1én dén 10000 diém trong thuc
nghiém va danh gia trén ba tap co so dir lieu Logo-2k+, Corel30K,
VGGFACE2-S. Két qua duoc thé hién trong bang 2.4 véi hai thuat toan EMR
va EMR-(lvdc-FCM).
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Bang 2.4. Bang két qua tra ciru anh trén cac tap dir liéu véi cac tap

diém neo Ién va dd chinh xac trung binh cho tirng b diém neo

Logo-2k+ Corel30K VGGFACE2-S

S diém EMR- EMR- EMR-
EMR EMR EMR

neo C . (Ivdc- . (Ivdc- . (lvdc-

goc goc goc

FCM) FCM) FCM)

7000 575% | 65.7% | 63.2% | 684% | 67.5% 73.3%

8000 56.3% | 68.8% | 645% | 695% | 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%

T s6 liéu cac thuc nghiém, viéc lua chon phuong phéap tim diém neo va
s6 luong diém neo anh hudng truc tiép dén két qua tra ciru. Thong thuong so
luong diém neo duoc sir dung bang khoang 5% dén 15% sé lwong mau cua
CSDL [116].

Mic du khi sb luong diém neo ting 0 cai thién dang ké do chinh xac trong
tra ctru, nhung thuc chat viéc tang diém neo lai anh huong rat nhiéu dén thoi gian
tinh toan xép hang (phai tinh ma tran nghich d4o trong cong thic (2.26) va (2.34)).
Véi cac thuc nghiém cua luan an cho thay sé lugng diém neo cd thé l1ay khoang
5% cua s6 diém trong CSDL thi d6 chinh xé4c trong tra ciu va thoi gian thuc hién
tra ciru ¢6 thé chap nhan duoc khi cac dic trung biéu dién anh bang cac dic trung
muc thap két hop ¢6 s6 chiéu kha cao (809 chiéu).

Bang 2.5. Thai gian thuc thi khi tra citu 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-(Ivdc-FCM) 0.317
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2.6. Két luan chwong 2

Trong chuong ndy luan an di trinh bay phuong phap tim diém neo méi
dua trén thuat toan phan cum FCM cai tién (goi 12 thuat toan Ivdc-FCM) trong
diéu kién: s6 vector dit liéu dic trung anh va sé cum 16n.

Véi thuat toan dé xuat, luan an da tién hanh thuc nghiém danh gia hiéu
qua cua thuat toan Ilvdc-FCM so véi céc thuat toan FCM gdc va K-means trén
tap dir liéu nhén tao dugc hinh thanh tr cac tap swiss_roll, tap moons, tap
s_curve, tap friedman3 va tap gaussian_quantiles. V&i cac chi sé danh gia
thdng dung nhu Silhouette Score, Davies-Bouldin Score, Calinski-Harabasz
Score, Xie-Beni, thuat toan dé xuat déu cho két qua danh gia tot hon cac thuat
toan FCM gdc va K-means.

Trén co so thuat toan phan cum lvdc-FCM, luan an trinh bay thuat toan
cai tién cua EMR, goi 13 EMR-(Ivdc-FCM) véi phuong phap tim céc diém neo
bang thuat toan dé xuat lvdc-FCM thay thé cho thuat toan K-means va ap dung
trong CBIR dé nang cao do chinh xéc trong tra cau [CT1, CT2, CT4]. Van dung
thuat toan Ivdc-FCM, thuat toan EMR-(Ivdc-FCM) da xay dung d6 thi xép hang
da tap vai s6 luong diém neo rat 16n, khai thac wu diém caa phép phan cum
lvdc-FCM so véi K-means trong tra ciu anh. Thuat toan dé& xuat duoc thuc
nghiém tra ctru trén ba tap dix liéu anh: Logo-2k+, Corel30K, VGGFACE2-S
cho ddc chinh xac dugc cai thién rd rét nhu da chi ra ¢ cac thuc nghiém danh
gia bang truc quan va biang chi sé danh gia khach quan. Két qua thuc nghiém
duoc so sanh vai cac thuat toan EMR, SGR, AGR cho d6 chinh xac cua phuong
phap dé xuat da duoc cai thién va dang tin cdy. Su cai thién vé do chinh xéc
tang dang ké (khoang 7% - 15%) so véi thuat toan goc va céc thuat toan khac

cung ho.
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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. Giai thiéu

Nham nang cao hiéu qua trong viéc tra ciu anh dua trén noi dung, trich
rat dic trung 14 mot bude quan trong quyét dinh téi hiéu qua cua toan hé théng.
C6 hai cach tiép can dé trich rat dic trung pho bién cua anh. Cach tht nhat 13
dwa vao viéc trich rt cac dic trung mac thap cua anh duoc thiét ké riéng cho
ting bai todn cu thé, c6 thé 1a diém goc, diém bién...Cach tiép can nay co uu
diém 1a nhanh, hiéu qua nhung chi giGi han cho mot sb bai toan cu thé va thuong
khong bén viing trong cac ngit canh tin hiéu dau vao bi nhidu, anh c6 chét lugng
thap, anh vai ndi dung phuc tap. Cach tiép can th hai la dwa trén viéc trich rat
ddc trung muc cao cia mang no-ron tich chap (CNN). Pay la huong nghién
clru tiém ning va tich cyuc trong nhitng nim gan day va da chtng minh duoc
nhiéu wu diém vuot troi so véi cac phuong phap truyén thong vé do chinh xac,
tinh da dang, bén viing véi cac loai nhiéu va c6 kha nang xu Iy véi nhiéu cac
dbi tugng khéc nhau.

Tuy nhién, trong cac mang CNN viéc to chirc cac dic trung duoc sap xép
theo mé hinh phan cap: cac dic trung ma mot mang CNN hoc duoc to chic
theo mot cau trac phan cap tir thap dén cao. Cu thé, cac ting dau tién cua mang
thuong ¢ xu hudng hoc cac dic trung & mac thap (nhu cac diém goc, diém
bién, diém blobs,...); trong khi cac ting & phia sau s& phan tich va ghi nhé cac
dac trung & muac cao cua mdi 16p dbi twong (vi du nhu vi tri cia mat, kich thudéc,
hinh dang cac chi tiét trén mot khuon mit,...). Nhu vay, trong cac hé thdng
CBIR néu chi tim kiém dya trén cac dic trung mic cao nay doi khi s& md ta
thiéu tinh cuc bo cua mot sé déi tuong trong anh.

Tur nhitng diém néu trén ching tdi nghién ctru theo hudng tiép can két hop
giita dic trung muc thap va dic trung mic cao duoc trich xuat tir cac mang
CNN nham cai thién hiéu qua caa viéc tra ciru anh trong cac ung dung CBIR.
Cac phan tiép theo s& di mé ta cu thé tirng khia canh cua bai toan.
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3.2. Hé thong CBIR dé xuat
M0 hinh tong quat cho cac dé xuat caa luan an trong hinh 3.1 dugc mo
ta nhu sau:
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Hinh 3.1. Hé thong dé xuat

(1) Piac trung muc thap caa anh truy van va cac anh trong CSDL duoc
chuan héa.

(2) Pac trung anh truy van va dic trung cta co so dit liéu anh duoc trich
rit bang mang hoc sau EfficientNetB7+ [CT3, CT5, CT6].

(3) Kéthop cac dac trung muc thap da duoc chuan hoa va dic trung CNN [CT5,
CT6]

(4) Tim diém neo cua bd co sé dit liéu cac vector dic trung bang thuat
toan LDM-FCM [CT6]

- Str dung k¥ thuat Iap chi muc véi tap dit liéu vector dac trung va ky thuat
ANNSearch dé tim nbest diém dit liéu gan mot tam cum.

- Tinh todn ma tran do thudc dua vao nén tang GPU-platform

(5) Xay dung d6 thi neo bang thuat toan HD-EMR [CT5, CT6]

- Ap dung k¥ thuat Iap chi muc cho C diém neo (C ¢ thé rat Ion)

- Xac dinh s diém neo tbt nhat cia mot diém dit liéu bang thuat toan
ANNSearch.

(6) Xép hang anh truy van bang HD-EMR va tra két qua cua cac anh co
d6 tuong tu cao nhat.
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3.3. Biéu dién anh bang két hop diic trung mirc cao tir EfficientNetB7+ va
diic trung mirc thap
3.3.1. Trich rut dic trung muc cao cua dnh siz dung CNN

Mang CNN di ¢6 nhiéu tién bo vuot bac trong may nam gan day va da dat
duoc nhiéu thanh tyu an tuong dé giai quyét cac bai toan thi giac may tinh [54],
chang han nhu nhan dang khuén mat, do tim va nhan dang bién sé xe. Nhu tén
goi ciia mang, cac mang CNN bao gom nhiéu Iép nhan chap (Convolutional
layers), mdi Iop gom nhiéu bo loc véi cung kich thudc (thuong rat nho: nxn
véin={3,5,7,11}). Mdi bd loc s& c6 cac trong s6 va dugc dung chung trén moi
vi tri cua anh dau vao, duoc goi la ki thuat chia sé trong sé (weight sharing).
Cac trong s6 ban dau duoc khai tao gia tri ngau nhién va s& duoc cap nhat trong
qua trinh huan luyén boi cac ham muc tiéu nham hoi tu vé trang thai pha hop
véi ngir canh cua mot bai toan cu thé.

Cac tang phia dau mang s& hoc cac dic trung mac thap nhu thong tin vé
hinh dang, canh, cac diém géc, mau sic, hinh dang. Cang vé cubi mang, cac
dic trung cang co xu hudng giau thong tin hon, chira dung nhiéu dic trung ngi
canh hon, giap mé hinh phan biét dugc cac ddi twong khac nhau, minh hoa &
hinh 3.2.

g
&

B —]
- -

Layer 10

Hinh 3.2. Vi du minh hoa cac dic trung dwoc trich xuat
tai cac lép tich chap khac nhau [66]
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Pau ra cia mang CNN c¢é thé 1a mot hodc nhiéu vector dic trung duoc tao
ra bang cach cho anh dau vao chay xuyén qua mang véi cac trong sé da duoc
huan luyén. Tuy thudc vao ting bai toan khac nhau, chung ta cé thé sir dung
cac vector dic trung d6 theo nhiéu cach khac nhau. Chang han, c6 thé st dung
mot b phan 16p co ban dé phan 16p cac vector dic trung, hoac co thé gan mot
tang phan 1p (chang han dung ham SoftMax) vao cudi caa mé hinh mang dé
du doan nhan cua cac vector dac trung.

3.3.2. Mang EfficientNet

Mang EfficientNet Ia kién tric mang no-ron hoc sau duoc dé xuat tai
nghién ctu [91]. Mang EfficientNet dugc thiét ké nham téi uu hoa dong thoi
hiéu suat va tai nguyén tinh toan véi muc tiéu dat dugc két qua tdt nhat véi kich
thudc mang tdi uu nhat.

Mot mé hinh mang CNN bét ky c6 ba théng sé dé do luong téng quan Ia:
Do sau (Depth) cua mang twong duong vai 6 16p trong do; Do rong (Width)
ciia mang la s6 do cuc dai s6 kénh trong mot cac 16p tich chap; Do phan giai
(Resolution) 1a &6 phan giai hinh anh 1a dau vao caa mot mang CNN. Hinh 3.3
mo ta y twong cua mang; Hinh 3.3 (a) biéu dién mot mang co ban; Hinh 3.3(b-
d) biéu dién viéc ting giam kich thudc theo cach truyén thong theo mot chiéu
nao d6. Hinh 3.3 () biéu dién cach tiép can cia mang EfficientNet khi két hop
ca ba théng sé d6 dé diéu chinh mé hinh.
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Hinh 3.3. Minh hoa viéc sir dung cac tham sé diéu khién mé hinh [91]
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EfficientNet sir dung mot s6 ky thuat quan trong dé ting hiéu qua cua
mang st dung phuong phap tinh chinh ti 16 (Compound scaling) dé tu dong
diéu chinh do rong, do sau va do phan giai théng qua mot tham sb trung gian
nham giGp md hinh linh hoat va mém déo véi cac kich thude dau vao khac nhau
ma khong lam gia tang qua do phuc tap cua mé hinh. Ngoai ra, EfficientNet sur
dung cac khéi co ban duogc goi 1a MBConv (Mobile inverted residual nottleneck
convolution) véi kich thuéc khac nhau, st dung Ky thuat ndi tit (Skip
connection) va k¥ thuat tuong hop SE (squeeze-and-excitation) dé ting hiéu

suat va do chinh xac caa mang.

Mobilenet V3 block

Hinh 3.4. Md hinh minh hoa khéi MBConv [58]

Cu thé khdi MBConv két hop cac ki thuat chinh tir hai khéi kién trdc quan
trong 1a IRB (Inverted residual block) khéi BC (Bottleneck convolution), minh
hoa & hinh 3.4. Dau tién céac Iop tich chap (Conv) sé trich chon dic trung &
muc do co ban, sau d6 mé hinh sir dung 16p mé rong (Expansion layer) dé mo
rong khéi lwong kénh cua dic trung. Sau d6 cac dic trung s& chuyén téi 16p
nhan tich chap theo chiéu sau (Depthwise conv) dé ting cuong tinh hiéu qua
tinh toan. Pic trung dau ra sé la su két hop cia dic trung ban dau qua két noi

tat va dic trung da qua 16p tich chap theo chiéu sau.
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Nhém nghién ciu phat trién tim phién ban khac nhau tir EfficientNetB0
tgi EfficientNetB7 dua vao qua trinh scaling cia md hinh mang géc. Theo bao
cao voi mo hinh EfficientNetB7, @6 chinh xac phan 16p dat 84% trén d6 di liéu
ImageNet vai s6 luong tham sé ciia md hinh xap xi 64 triéu. Kién trac nay da
chting minh qua thuc té kha nang trich chon duoc luong 16n cac dic trung hitu
ich tir anh dau vao. Do vay, trong pham vi cia phan nay ching tdi tap trung vao
khai thac phién ban EfficientNetB7.

P Conv

@ MBConv

= l‘ 1 Pool
Eﬁ =pPrpe | I

Blcoks Block?7 1 P
32 x32x224 6x 16 x 640 ; Output
H X

B\ockﬁi Bloci® ( 'ﬁ\'.l x1 Full i ted
188 3BA . ot SR ully connec e

$ 32 x 32 x 160 16 x 16 x 2560 1x1x 2560
Anh déu vao
500 x 500

Hinh 3.5. Kién tric mang EfficientNetB7

Hinh 3.5 minh hoa kién tric cua EfficientNetB7, c6 thé quan sat thay kién
trdc nay bao géom 3 phan chinh.

- Phan dau tién 1 stir dung khéi tich chap c6 bo loc kich thuée twong doi
nho 1a 3x3. Muyc tiéu I trich xuat cac théng tin muc thap, co ban cia anh
dau vao.

- Phan tiép theo 1 cac khdi MBconv dugc xép chong lén nhau, kién tric
cuia mdi khdi ndy duoc miéu ta va minh hoa ¢ hinh 3.4.

- Phan cudi 1a dinh lay du vao tir dau ra caa cac khéi Mbconv, qua cac
I6p tich chap, 16p gop, va 16p két ndi day du dé thyc hién cac trudc vectorhoa
va phan loai cudi.

3.3.3. Ky thugr dé xudt tinh chinh mang efficientNetB7

a) Ky thudt transfer learning

K§ thuat transfer learning (hoc chuyén giao) [128] 1a ky thuat thuong dugc
ding trong viéc huan luyén cac md hinh hoc sau. Muc tiéu chinh caa ky thuat
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nay la tan dung lai cac “tri thire” d3 duoc hoc caa md hinh gdc trude d6 trén
cac tap dir liéu 16n va phuc tap. Thay vi huan luyén lai tir dau, cé thé si dung
md hinh gbc trén dé thuc hién cac nhiém vu méi diéu nay gidp tiét kiem thoi
gian hi tu ciia mo hinh va nang cao d6 chinh xac. Ngoai ra, vai tri thire da hoc
duoc tir tac vu goc, md hinh c6 kha nang khai quat hoa tot ddi véi nhiém vy
méi. M hinh c6 thé nhan biét cac dic trung pho bién trong dit liéu mai va ap
dung dé tao ra cac du doan chinh xac.

Thong thuong cac bude co ban dé thuc hién qua trinh hoc chuyén giao
dugc mo ta qua cac budc nhu sau.

- Budc 1: Chon md hinh co sé, md hinh nay dap wng cac tiéu chi vé do
chinh xé4c, d6 6n dinh trén tap dit liéu lon.

- Budc 2: Thém céc 16p méi vao phan dinh caa mé hinh gdc dé phu hop
véi nhiém vu méi, viéc thay doi va diéu chinh kién tric caa cac 16p nay ciing
phu thudc vao cc ung dung cu thé.

- Budc 3: Huan luyén mé hinh trén tap dit liéu méi. Ciing luu ¥ ¢ day rang
viéc huan luyén nay co thé ap dung céc ky thuat dong bang (freeze) hoic mo
dong bang (unfreeze) twong (ng véi viéc khdng cap nhat /cap nhat lai trong s6
cua mé hinh goc véi cac dir lieu mai.

b) St dung mé hinh co so EfficientNetB7

= i ; . @ Pool , Phanlop
é Vector dac trung
H { H H 2560 chieu
{ Blockt Block3 Blcok5 Block? |
i 250 x 250 x 32 63 x 63 x 80 32 x 32 x 224 6x 16 x 640 |
Block2 Block4 16 Elfg§b384 Conv 1x1
125x 125 x 48 32 x32x 160 16 x 16 x 2560

Anh dduvao
500 x 500

Hinh 3.6. Mé hinh trich rit vector diic trung anh bing mang

EfficientNetB7 (cit bé l6p cudi cuing)
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Khac véi mo hinh dwoc miéu ta & hinh 3.5, dé van dung ky thuat hoc
chuyén giao, chling tdi sir dung mé hinh co s& 1a EfficientNetB7 tuy nhién duoc
cit bo 16p két ndi day da (Full connected layer), minh hoa & hinh 3.6. Nhu vay,
kién trac hién tai dudc md ta nhu sau.

- Khéi tich chap co s bao gdm cac bo loc ¢6 kich thude 3x3 véi s6 lugng
12 64 bo loc 1am nhiém vu trich chon thdng tin co ban dau vao cia anh.

- Khdi MBConv bao gom 7 khdi vai s6 luong bd loc ting dan tir 32 dén 640
gitp mo hinh trich chon duoc céc thong tin quan trong va phac tap tir anh.

- Khéi dinh cudi bao gém céc Iop tich chap véi mat na kich thuée 1x1 sau
d6 st dung phép gop toan cuc dé bién tensor dir liéu dang 4D vé vectordang
1D.

¢) Cdi tién mé hinh co sé EfficientNetB7

Pé thuc hién phuong phap hoc chuyén giao mét cach hiéu qua ching toi
tiép tuc nang cdp mo hinh co so EfficientNetB7. Sau khi lugc bo 16p két nbi
day du str dung dé phan Iop trong mé hinh goc, chdng toi str dung thém 1 khoi
Block+ bao gom:

- Lop Flatten voi muyc dich 1am vector ho ban dé dic trung sau khi duoc
Xt ly bdi moé hinh co so.

- Lop Batch normalization véi muc dich chuan hod dit liéu dau vao, giam
su phu thudc vao céc trong sb khai tao gitip qua trinh huan luyén thuc hién 6n
dinh hon. Ngoai ra 16p nay ciing c6 muc tiéu han ché hién twong mat dao ham
(vanishing gradient) thdng qua viéc 6n dinh qua trinh lan truyén nguoc véi viéc
chuan hoa gradient.

- L6p Global average pooling2D vai muc tiéu giam sé chiéu di liéu, giam
do6 phuc tap va gitr lai cac dac trung quan trong cua anh.

- Lép Dense véi muc tiéu dua diéu chinh kich thudc vectordic trung theo
mong mudn. Trong ndi dung nay, dau ra cia mang co sé 1a vector chira 2560
chiéu, minh hoa & hinh 3.7.
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Ciing luu ¥ rang véi hinh thitc hoc chuyén giao tri thirc ndy, luan an sir

Block3
i 250 x 250 x 32 63x63x80

Conv3x3 Block2 Block4
500 x 500 x 64 125x125x48 32x32x 160
Anh dau vao
500 x 500

e

S = y Vector dac trung
i jﬁ_c‘;/- 2560 chigu

Blcoks
32 x32x 224

Block7 i
6x16x640

Blate Conv1x1

16 x 16 x 384

16 x 16 x 2560

Hinh 3.7. M6 hinh @& xuat mang trich rat dic trung EfficientNetB7+

dung k¥ thuat dong bang “Freeze” md hinh co so. Nham giir cac dic trung tir

anh da duoc trich chon & mang co s6, va ting toc qua trinh huan luyén do bo

dir liéu 1a tuong d6i 16n va ngudn tai nguyén phan cang sir dung dé huan luyén

giai han.

Sau khi thuc hién lya chon va tinh chinh mé hinh hoc sau phu hop vai bai

toan cu thé cac budc cua thuat toan trich rat dic trung muac cao cia anh dugc

thuc hién nhu sau: Véi dau vao caa thuat toan 1a CSDL anh va md hinh tién

huan luyén cac mang hoc sau CNN (dwoc huan luyén trén bo di liéu ImageNet),

viéc thuc hién trich rat dugc mo ta nhu thuat toan 3.1:

Thuét toan 3.1: Trich rat dic trung anh véi mang CNN tién huan luyén

Input:

- Tap anh can trich rat dac trung: 1=(1y, I,

A

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

4. Return HF
3.4. Két hop dic trung

Trong céc nghién ciu [1, 60] cho thay viéc két hop dic trung muc thap
(low-level features) va dac trung mang no-ron tich chap (CNN) trong qué trinh
xt ly anh hoic dit liéu hinh anh c6 thé mang lai nhiéu loi ich va vu diém, nhu:

- Tinh tong hop thong tin da mirc: Piac trung mic thap thuong lién quan
dén cac dic diém co ban cua anh nhu canh, gac, diém ndi bat, trong khi CNN
c6 kha niang hoc cac dic trung triru twong va phic tap hon, nhu cac ddi tuong,
dic diém bién, hoic mau hinh hoc. Két hop ca hai loai dic trung nay gitip md
hinh c6 kha niang tong hop thong tin da muc, tir d6 cai thién kha nang nhan dién
va hiéu ban chat caa hinh anh. Bic trung mirc thap gitip md hinh nhan dién cac
dic diém co ban cua anh, trong khi dic trung CNN gitp mé hinh hoc va phét
hién cac dic trung phic tap va triru tuong. Khi duoc két hop, md hinh ¢ kha
nang tong hop thong tin da muc va dat do chinh xac cao hon trong viéc phan
loai, nhan dién hoac truy van anh [60, 128].

Tinh da dang cua dic trung: Két hop dic trung mac thip va dic trung
CNN gitp tang tinh da dang cua cac dac trung dugc su dung trong mo hinh.
Piéu nay c6 thé dong nghia véi viec mod hinh cé kha niang hoc va phat hién
nhiéu loai dic trung khac nhau tir dir liéu anh, tir cac dic diém co ban dén cac
dac trung phuc tap, mé ta ca tinh cuc b va tinh toan cuc cta anh, gitp cai thién
kha nang tong quét hda va do chinh xac cia md hinh [46].

Mot cach tu nhién nhat caa viéc két hop cac dic trung muc thap va muac
cao 1a “két ndi” cac vector dic trung dé duoc mot dic trung biéu dién anh duy

nhat. So d6 qua trinh két ndi nhu hinh 3.8.
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s Pac trwng mirc thip —»
Toan tir xtr ly anh 2 5 P

Anh d3u Bd ghép ndi I:>\léc to dic
|:> dactrung trung

vao

M6 hinh CNN bac truwng CNN

Hinh 3.8. Qua trinh két néi dic trung
Vector dic trung két hop nhu trén s& ¢ sé chiéu rat cao nhu: Pic trung
CNN duoc sir dung théng qua mé hinh EfficientNetB7+ cai tién duoc mod ta &
hinh 3.6 véi @6 dai vectordugc mo ta la 2560. Nhu vay thdng qua thuat toan
ghép ndi dic trung (Concatenation) Vai 5 bo vector dic trung muc thap (GCM,
LBP, GWT, EDH, GIST) vector dic trung dau ra caia mdi anh twong tng co
chiéu dai 12 (809D + 2560D). Luan &n sir dung c&c mang hoc sau da duoc huan
luyén trudc nhu Resnet50; VGG19, EfficientNetB7 dé trich rut dic trung muc
cao cua anh. Ngoai ra, trong phan nay luan an da tinh chinh va dé xuat mé hinh
trich rat dic trung anh muac cao bang mang EfficientNetB7+ dugc huan luyén
trén cac bo dix liéu nho ciia ngudi dung nham nang cao kha niang biéu dién anh.
Thuit toan 3.2: Thuat toan trich rat va két hep cac dic trung
Thugt toan 3.1: Két hop dic trung: LF-DFE(E) {LF-ddc trung mitc thap,
DFE-dac trung nhung hoc sau}

Input: Tap dit liéu anh E={E} _
a: M6 hinh tién huan luyén (£2 €{EfficientNet, EfficientNetB7+...})

Output: Tap vector dic trung két hop {IC}_._
Buwoc 1: Trich rat déc trung mirc thap mo td mau, két cdu va hinh dang
cua anh:

1. LF{E}={1,;} [CT1]

1<t<T ,I<i<n

_ { I norm}
1<t<T I<i<n t 1<t<T 1<i<n

2. Chuan hoa 3 —opt{l,,} [97]
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Bwoc 2: Trich rat dac trung CNN:
2.1. Hoc chuyén giao (Q) bsi CSDL E duoc Qg [CT4,CT6] (M6 hinh
EfficientNetB7+)

2.2. Trich riit dic trung DFE ctia CSDL anh E boi Oy, thu duoc{IE,)

1<i<n
Buwéc 3: Két ndi dic trung mic thap LF va dic trung mirc cao thu duoc

tap vector dic trung chiéu rat cao biéu dién CSDL anh E:

{Inorm C'B{IEi}lSién :{Ici}gign

i }1sth JA<i<n

Buoc 4: Travé{IC, O

hien

Anh duoc biéu dién dudi dang cac vector dic trung muc thap va dic trung
muic cao (dic trung CNN) duoc két hop thanh mot bo vector dic trung chiéu
cao, do vay dé thuc hién c6 hiéu qua va ap dung cho hé théng CBIR, trong
chuong nay luan an dé xuat mot s cai tién ddi voi cac budc trong pha ngoai
tuyén nhu: Tim tap diém neo bang thuat toan LDM-FCM dua trén tinh toan
song song trén GPU-platform trong dé sir dung thuat toan ANNSearch dé tim
nbest diém dit liéu gan mot tdm cum A¢; két hop thuat toan ANNSearch dé tim
s diém neo gan véi mot diém dit liéu...
3.5. CBIR véi ki thuat xép hang EMR dwa vao GPU-platform

Trong phan nay, viéc sir dung phan cum FCM véi tap dir liéu vector 16n,
sb chiéu rat cao va sb cum rat 16n dé xéac dinh cac diém neo cho do thi caa EMR
da duogc thuc hién. Tuy nhién, viéc thuc hién nay trén CPU trong budc lap cua
thuat toan FCM trd nén khong kha thi véi sé cum 16n vi thuat toan FCM yéu
cau tinh toan khoang cach gitra tirng vector va tdm cum, tinh toan cap nhat lai
tam cum cap nhat ma tran d6 thugc.

Vi vay, dé giai quyét van dé nay, ta can sir dung tinh toan trén GPU cho

giai doan ngoai tuyén (offline), noi xac dinh cac diém neo bang thuat toan phan
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cum FCM. Viéc sir dung tinh toén trén GPU cho phan nay gitp tang hiéu suat
tinh toan va xur ly dit liéu hiéu qua hon.

O giai doan tra ciu anh, hé thong CBIR van c6 thé trién khai tinh toan trén
CPU thong thudng, vi tinh toan trén GPU chi can duoc 4p dung trong giai doan
ngoai tuyén. Diéu nay dam bao rang hé thong CBIR van c6 kha ning hoat dong
mét cach hiéu qua va linh hoat trong viéc tra ciru anh véi cac ha tng co ban.

Phan nay tap trung vao viéc &p dung tinh toan trén GPU trong giai doan
ngoai tuyén dé xac dinh cac diém neo cho d thi cuia EMR. Viéc nay gitp cho
c6 thé &p dung duoc thuat todn phan cum FCM dé xay dung d6 thi EMR dé
nang cao chat lugng truy van anh.

3.5.1. Toi wu héa thudt todn tim diém neo dwa trén GPU-platform

Anh duoc biéu dién bang tap hop cac vector dic trung mirc thap két hop
muc cao cO s6 chiéu rat cao. Do vay khi kich thudc tap dit liéu anh Ion (hang
triéu anh) thi van dé xac dinh tap diém neo cua do thi EMR 14 mot van dé quan
trong can phai giai quyét. Trong chuong 2 viéc thay thé phuong phap tim diém
neo K-means bing thuat toan Ivdc-FCM &p dung cho thuat toan EMR géc
[CT1] da cai thién duoc do chinh xac trong tra ciru anh, tuy nhién vé xt ly cac
vector biéu dién anh véi chiéu rat cao chua duogc dé cap toi.

Trong phan nay luan &n s& trinh bay chi tiét phwong phap tim diém neo
véi tap cac vector dic trung chiéu rat cao duoc trich rit tir cdc mang hoc sau
(md ta ¢ thuat toan 3.1) va két hop voi cac dic trung mac thap, sau day goi 12
thuat toan: LDM-FCM.

Thuat toan tim cac diém neo cho EMR bing thuat toan LDM-FCM [CT6]
can dap tng duogc sd lwong cum rét 16n (bang 10% dén 20% sé luong cua
CSDL diém anh) va sé chiéu vector biéu dién anh rat cao. Thuat toan LDM-
FCM dé xuat mot s6 tdi wu cho Ivdc-FCM vai nhiéu ki thuat dugc thuc hién
bén trong nhu sau:

- Trong LDM-FCM d¢é xuét k¥ thuat téi wu buéc hiéu chinh ma tran do
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thudc cua thuat toan lvdc-FCM khi xu Iy cac vector di liéu can phan cum c6
sb chiéu rat cao bang tiép can cua cac thuat toan ANN. Do sé chiéu vector dit
lidu 14 rat cao, néu tinh toan bo cac khoang céach giira tirng tdm cum va cac diém
thi s& tiéu tén tai nguyén tinh toan luu trit va tbc do tinh toan rat cham. Cac
thuat toan ANN str dung tap chi muc (index) trén tap di liéu vector can phan
cum cho phép xac dinh nhanh dugc tap nbest vector (trong CSDL) gan nhat va
cac khoang cach twong tng tir mdi vector dit liéu dau vao. Tai mdi vong lap
cta thuat toan tinh cdc mau vector dit liéu gan nhat theo ting tdm cum va cac
khoang cach tuong tng. C4c vector dir liéu va cac gié tri khoang cach dugc tim
thay s& duoc toi vu luu trir va chuyén Ién bo nhé ciia GPU dé thuc hién tinh
toan song song.

- Ngoai ra dé toi wu phép hiéu chinh ma tran do thudoc, ma tran do thuoc
duoc biéu dién thanh ma tran thua hai chiéu dé giam tai nguyén luu trit va c6
thé chuyén Ién bo nhd GPU-RAM dé thuc hién tinh toan song song. Trong
diéu kién gisi han cua bé nhé GPU-RAM, LDM-FCM d3 chuyén cac ma tran
dir liéu thua vao bd nhd GPU, bao gom 3 ma tran c6 kich thuéc Cxny, bao gom
ma tran do thudc, ma tran khoang cach va ma tran chi muc (index matrix).
Nhitng ma tran thua nay ciing c6 thé dugc anh xa lai véi kich thugc CxC.

Thuat todn LDM-FCM duya trén nén tang GPU-platform dugc thuc hién
Vi mot sb bude cu thé:

Khai tao: Tap C tam cum duoc khoi tao twong tu nhu trong thuat toan
lvdc-FCM. Tap tdm cum khoi tao thu duogc tir phép phén cum K-means trén
GPU cua thu vién FAISS (nhanh gap 20 lan so véi K-means thyc thi trén CPU)
[123].

Buéc lap: Voi moi tim cum A, sir dung thuat toan ANN [123] xéac dinh duoc
Ny Vector gan nhat (thuc chat 1a xap xi gan nhat) caa CSDL dic trung anh va ny
khoang cach tuong ing. Ma tran khoang céch DIS va ma tran chi s6 POS (anh xa

tir ma tran thua vé ma tran day du) thu duoc 1a cac ma tran thua kich thuge Cxny,
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Va duoc chuyén Ién GPU-RAM:
Chuyén cac ma tran thua DIS va POS 1én GPU-RAM thu dugc hai ma tran
DISgp va POSgpu:

DIS,, .. < DIS :{D.m,D.c ..... Diw}mC (3.1)

c,i,gpu c,cpu

POS, gy <= POS, o ={icas Teosee e hicecc

c,gpu
Biéu dién ma tran d6 thudc 1a ma tran thua (kich thudc Cxny), duoc tinh

toan song song trén GPU theo c6ng thuc sau:

1 .
- for ie POS_
DIS,, p-L
o gy 3.2
ﬂc,l,gpu ]_sc; { Dlsc',i,gpu J ( )
i€POS;: gy

0.0 for i ¢ POS,

Va chuan hoa dé dambao ) u =1 (3.3)

i€POS¢ oy

Tinh gia tri ham muc tiéu cua FCM trén GPU theo cong thuc:

‘](Ahu)zi Z /ucF?i,ngDISCF?i,gpu (34)

c=1 icPOS; g,
Kiém tra diéu kién dirng. Néu khdng thoa thi cap nhat tap tam cum A,
budc nay dugc thuc hién trén CPU:

Chuyén ma tran do thuoc Wi vé CPU-RAM: 1, < 1, ., VA CAP Nhat tap

tam cum trén toan bo tap dix liéu vai cdng thire (3.5) duoc tinh toan & CPU.

) Z luc'?i * ICI
A% — iePOS, . (35)
Z luc,i

icPOS,

So dd thuat toan duoc thé hién nhu hinh 3.9:
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Dung f

Hinh 3.9. So @6 thuat toan LDM-FCM
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3.5.2. Thudgt todn LDM-FCM
Thudt toan 3.2: LDM-FCM (Local data manifold Fuzzy C-means)

Input: Tap vector dic trung két hop{IC,} _ cua dataset n anh E.

1<i<n
Hang sb p>1 (p =2); C- s6 cum mong mudn

D =dim(IC) 3 ; ny s6 16N nhét cc vector 1C; thugc vé mot cum {A} 4

t<e<C
¢ > 012 hing s6 da nho; Lma 12 s6 vong lap tdi da.

IDXe (D) 1a bo chi muc cua {IC},__°

Tham sé GPU platform:

+ block size ={blk, blk.}: tham s6 block 2D.

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

Output: Tap c4c tam cum A={A ]

1c<C
Cac buac trong thuat toan duoc thuc hién theo thi tu:
Bwéc 1: Khai tao tap tdm cum {Ac} véi s cum mong muén C.
Bugc 2: Laptheol: 1=1, L,

forl<1toL,,:

2.1: for c<«<1 to C:

POS, ...,
(Dls ]“ANN({('CM,IDX.C<D>},nb,m

c,cpu

2.2: Chuyén cac ma tran thwa DIS, POS Ién GPU-RAM theo cong
thuc (3.1)
2.3: Trén GPU, cap nhat ma tran d6 thuoc theo cong thuc (3.2)

* 56 chidu vector cua cac dic trung {I1C; | __, D c6 thé rit lon.

4 Gia dinh mot cum tam A. c6 thé chi gdm n,, c4c vector gan tam cum A. nhit theo khoang céch L.
5 Puge xac dinh bai thuat toan IndexFlatL2 cua thu vién Faiss. Str dung k¥ thuat tim kiém ANN da c6 va
str dung khoang céch L,
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va chuan hoa theo (3.3)
2.4: Trén CPU, tinh lai Jo(A, W) theo cong thac (3.4)

néu Jo(A, 1) < e thi chuyén qua budc 4. Nguoc lai thuc hién budc 3:
Budc 3: Copy dit ligu tir GPU-RAM vé& CPU-RAM: 11, < 4, ...
Trén CPU, cap nhat lai tap tam cum {A.} theo cong thurc (3.5).
Buéc 4: Trave {A}_ ..
Ghi cha:

Ma tr@n khodng cach DIS kiéu s6 thuc 64bit (voi kich thuée [Cxn, 1),

Ma trdn chi s6 POS kiéu so nguyén 32bit,

Ma trdn dé thugc 4 ;kiéu sé thuc, leu trie dang 32bit.

Do phuc tap cia thuat toan LDM-FCM la tong d6 phic tap cua thu tuc
Khai tao tam cum va do phuc tap caa phép tinh lai ma tran d6 thuoc va cac tam
cum.

Vi vay, néu sir dung K-means dé khai tao thi d6 phac tap caia LDM-FCM
trén CPU la:

Do phtrc tap cua khoi tao véi K-means: O(n*C*D)

Xac dinh xap xi ny 1ang giéng ting thm cum va n, khoang cach tuong ung:
O(1)

O(L*C*log(n)*D + L*C*ny*D)

Do phuc tap cua phan ude luong ma tran do thuéc: o([L*C*n, /c,])

(buée nay dwoc tinh todn trén GPU, ¢ ddy cn 12 s6 céc thread (lugng) tinh toan song song).

Do phuc tap cua phan cap nhat tim cum: O(L*C*n, *D)

Do phtc cua toan bo thuat toan 3.2: O(n*C*d)+ O(L*C*log(n)*D +
L*C*ny,*D) + O([L*C*n, /¢, ])+O(L*C*n,*D), & 6 D la chiéu caa vector dic
trung biéu dién anh.

Trén GPU do khai thac kha nang tinh toan song song, do phuc tap s€ dugc
giam nhiéu & ca thu tuc ANNSearch va tha tuc uée luong ma tran d6 thudc (khi
ta dung khoang 1000 thread dé tinh toan song song). Ngoai ra, trong phan khoi
tap tao thm cum cho LDM-FCM c4 thé van dung thuat toan phan cum K-means
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thuc hién tinh todn song song trén GPU [119]-PLS8.

Thuat toan LDM-FCM dé xuat 12 mot cai tién so véi FCM gbc véi hiéu
suat cao va la ky thuat méi duoc ap dung cho viéc phan cum di liéu:

e Trong thuat toan da tich hop véi ki thuat ANN dé tang toc do xac dinh
cac vector gan mot tam cum.

e Tinh toan nhanh cac ma tran lién quan bang céach biéu dién chung dudi
dang ma tran thua 2 chiéu dé giam tai nguyén luu trit va st dung cng nghé 1ap
trinh da ludng trén GPU dé tang tdc do tinh toan — PL8.

Dau ra cua thuat todn LDM-FCM Ia c4c tm caa cac cum di liéu. Trong
pham vi tng dung cho thuat toan xép hang EMR trong CBIR, cac vector tam
cum nay duoc gan cho cac diém neo dé xay dung do thi HD-EMR, chi tiét duoc
trinh bay trong phan tiép theo.

3.5.3. Xay dung do thi HD-EMR Véi diic trung chiéu rat cao

Nhu d3 trinh bay & trén, viéc két hop dic trung muc thap va dic trung
CNN trong biéu dién anh cé chiéu rat cao, véi thuat toan HD-EMR dé xuat c6
thé cai thién hiéu suét cho cac hé thong CBIR véi cac hudng nghién cau sau:

1) HD-EMR ¢ thé xir ly dix liéu 16n, c6 s6 chiéu vector rat cao;

2) T6i wu viée luu trit va tinh toan trén cac ma tran thwa khi xdy dung d6
thi EMR, khong can luu trit ma tran 16n gay tré ngai cho toc do tinh khoang
cach giira cac diém dix liéu va diém neo, so sanh khoang cach giira cac diém dix
liéu.

Pau tién, bang céach st dung LDM-FCM thu dugc cac diém neo lién quan
hon dé xay dyng d6 thi HD-EMR. Nho uu diém cia LDM-FCM trong xt ly dit
liéu c6 s6 chiéu cao, HD-EMR khdng can giam chiéu di liéu dau vao va chap
nhan mot sé luong 16n diém neo. Str dung mot phuong trinh 13p véi cac budc
tinh todn trén ma tran thua, thay vi ma tran nghich dao Ion, giam bo nhé luu trie
va ciing tang toc do tinh toan.

Viéc xay dung do thi HD-EMR trén toan bo CSDL vector dic trung chiéu
cao duogc thuc hién vai cac budc phan tich va thuc hién qua cac budc nhu sau:
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Buwéc 1: Tim diém neo bang thuat toan LDM-FCM (thudt toan 3.2)

Buwéc 2: Tim s diém neo gan nhat véi mdi diém di liéu x;: Lap chi muc
cho tap C diém neo biang IndexFlatL2 va tim s diém neo gan mot diém dix liéu
bang thuat todan ANNSearch (cd thé thyec hién trén GPU-RAM hodc CPU) duoc

thuc hién theo thuéat toan 3.3:

Thuat toan 3.3. s_Neighbors(1C; ,Ac)

(Xac dinh s diém neo gan nhat cua mdi diém dir liéu)

Input: Cac diém IC={IC},<<, €ERP, cdc diém neo A={Ac}r<.<c.
Output: s diém neo gan nhat cho mdi diém dix liéu IC;.
1: Lap chi myc cho C diém neo: IDX,, = IndexFlatL2(D, A))
2: Tim s diém neo gan mot diém dix liéu:
fori<—1 tondo

ANNSearch({Ac, 1Dx, }, s, 1Ci)°

3. return s
Buwoc 3: Tinh ma tran trong sé hoi quy Z: Sau khi tim dugc s diém neo
gan nhat caa mot diém di liéu ta tinh ma tran Z 1a ma tran hoi quy biéu dién

mdi quan hé gitta diém neo va diém dit liéu theo cong thic:

K Ck
dn,cS

ch,n = s dnc
Zk':l d “ Ve e{C b

n,cs

(3.6)

0 if Vee{clas
Vi d,, 1a khoang cach tir cac tam k dang xét t6i cac diem dit ligu, d, . la

do do khoang cach tir s diém neo t6i cac diem dit ligu (khoang cach d, ciing

~ ®xéc dinh dugc cac chi $6 Ci1,...Cis 12 s 6 nguyén khac nhau thugc {1,2,...,C} sao cho s
diém neo Ac gan ICi nhat theo d6 do khoang cach L.
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duoc tinh ¢ thuat toan 3.3). Viéc gan z, duoc lam minh theo ham nhan
Epanechnikov (2.18).
Buwéc 4: Tinh ma tran ké va chuan hda ma tran chuyén tiép: Ma tran ké

biéu dién mdi quan hé gitta cac diém dix liéu W dugc tinh theo cong thire (2.21):

W=Z"Z va ma tran chuyén tiép S =D WD"*v¢i D, =Y w, => 77z, ;
j=1

=

Mot cach biéu dién khac caa S 1a S=H™H (véi H = D2z ). Do vay khi thuc
hién biéu dién méi quan hé giira cac diém dir liéu va viéc lan truyén khi xép
hang tra ciu ta chi can luu trir ma tran Z.

Buwgc 5: X ly mot truy van:

Gi stt CSDL anh duoc biéu dién boi CSDL vector ddc trung IC={IC;},__ 1a
vector dic trung bicu dién anh két hop giitra muc thap va muc cao.

a) Anh truy van Q c6 trong CSDL anh E.

V6i mét truy van anh Q thuoc CSDL anh E (Q < E hay Q = Ey) do xép hang

caa CSDL anh E vai anh truy van Q dugc cho bai nghiém ti wu ctia ham muc tiéu:

(3N

o)

Véi ham muc tiéu (3.7), viéc sap xép thir hang va lan truyén trong tap dir

MR(r)==

IJ
2 <i, j<n+1

+yZHr rO]iH2 —min  (3.7)

liéu gitta vector truy van va CSDL vector dic trung duoc 13p giai nhu sau:

Pit a=—1; r =1,1,=0,vi=1n, izk
’ 1+u :

=1 =1-a)(l-aS) ', = limr,, |

t—+0

def _ - . \ . ,
Véi S = D*WDY, ruax = aSru + (- a)ro. (Phan chitng minh c6 trong phu

luc (PL4) caa luan an)
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Nhan xet:

Db thi caa EMR néu dugc xem 12 cap ma tran thua (W, D), thi hoan toan
dugc xay dung tir hai ma tran thwa Z, H (dugc tinh sin & budc offline), chuyén
tir uc lwong quan hé ké nhau cua hai vector di liéu thanh wéc lugng do biéu
dién vector dix liéu d3 cho va cac diém neo. Do vay dd thi HD-EMR dugc xem
1a d thi dugc biéu dién dudi dang cac cap ma tran thua (Z, H).

b) Anh truy van Q khéng cé trong CSDL anh E

Trong EMR Véi vector dic trung hinh anh truy van Q khong thusc CSDL
vector dac trung anh cho trudc, khi thuc hién tinh todn murc d6 quan hé gitra
vector dic trung anh truy van va cac vector dic trung anh trong CSDL nhan
thay su xuat hién ctia ma tran thua trong khi xép hang mac do quan hé cua
vector. Gia sir cac hinh anh duoc biéu dién bang cac md ta hinh anh khac nhau,
cac vector dic trung 1Cq+1 VG 6 chiéu lon duge thu duoc.

V6i FE={IC;},._-tap CSDL vector dic trung d chiéu caa CSDL anh E ¢6

1<i<n

n anh. Khi Q ¢ E, ta dit En+1 = Q ¢0 biéu dién anh 13 vector dic trung 1Cy1, Ky

hiéu 1, =1, 1, =0, Vi=1n va cac ma tran lién quan nhu sau:

def def

Zn+l = (Zc,n+1)1§csC’ Dn+l = Zn+1V

. n
i def VOl v = le Zj
h ,=z.D H. =H®h =

n+l = “n+l™n+l 0

Do vay ching ta chi tinh toan ma tran D ma khéng can tinh ma tran ké W

Céc xép hang ctia CSDL vector dic trung{IC;},__véi vector truy van 1Cq

1<i<n

duoc tinh theo cong thuec:

(ri)lsisn :{(1—0[)C¥HTB} hn+1 (38)

o
V6i B=(I,~aHHT) va Ic 1a ma tran don vi CxC.

Ta chting minh cong thtc (3.8):

Ta bién d6i nhu sau:
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t+1

ha =l = aH' Z(aHHT)i h,..
i=0

r=aH"(Ic—aHH") 'h_,=aH"Y (¢HH)'h
t=0
t+1 . t+1 .
=aH' {IC +Z(aHHT)'}hn+l =aH'h  +aH’ {Z(aHHT)'}hM
i=1 i=1

n+1

=aH'h +aHT{(aHHT)Zt:(aHHT)i}hn+1
= aHThn+l +aHT {(H (aHT))i(aHHT)i}hm—l

t
=aH™h  +aH™H {(aHT))Z((ZHHT)i}hrM
i=0

:aHThma(HTH){(aHT)_i(aHHT)‘}hM

=aHh,, +a(H™H)r,

.
hl tQ — asrt,Q +aH hn+l'

Vay r, =limr,, Vi 1, :ozHThml+(05HTH)I’LQ =asK, +aH™h .

t—-+o0

Khi d6, cac ma tran tham gia vao tinh toan xép hang céc vector trong
CSDL vai vector truy van caa anh Q ¢6 cac tinh chat nhu sau:

Zn+1 12 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;

h .

,hr, lamatran cd CxC va thua,

Z 1a ma tran ¢& Cxn, va cd sxn thanh phan khac 0. C4c phan ttr khac 0
tuong tng trong ma tran biéu thi mdi quan hé giira cac diém dir lidu va cac diém
neo;

H 14 ma tran thua ¢& Cxn va ¢ sxn thanh phan khac 0;

HHT 1a ma tran ¢& CxC, 1a ma tran thua do cac hé s nay bang 0 trén tap
cap chi s6 diém neo ma cac diém neo nay khdng ciing thudc mot s-best cua bat

ky vector IC; nao. That vay, ta co:
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v(c,.c,) e{l<c,c, <C|-Fi:l<i<na A eN,(i;s) A A eN,(i;s)},

HHT[cl,cz]=iH[c1,i]H[cz,i]=0

i=1
Voi ma tran (1-a)aH'B=(1-a)aH" (I, —aHHT)'1 c6 thé tinh san & buédc
offline.

3.5.4. Thudgt todn HD-EMR trong CBIR
T phan tich va danh gié trén, luan &n dé xuét thuat toan HD-EMR nhu sau:
Thugt toan 3.3: HD-EMR (High Dimesional-EMR)

Input: Tap CSDL vector ddc trung anh IC ={IC}__, ddc trung anh truy
van ICo

Q: M0 hinh hoc sau dao tao trudc (Qe {Resnet; VGG, EfficientNet, ...}).

C: s6 liwrong diém neo (Sé cum thu dwoc & thudt todn LDM-FCM).

s: 56 phan tir diém neo 1an cdn cia mét vector déc trung

a e[0,)

Output: r—{r}__, r,e[0,1 vi=1n lath hang twong tu v6i anh Q lay ra
trong co so dir liéu anh E

Céc budc cua thuat toan bao gom:

Buéc 1: (offline) (co thé dung GPU-platform)

1.1. Goi LF-DFE (E) thu dwoc Q «,{IC,},_._ (thuat toan 3.1)

(thuat toan 3.2)

I<i<n 1<c<C

1.2. Goi LMD-FCM ({IC},__ ) thu duoc (A}

1.3. Goi s_Neighbors(IC; ,A¢) (thuat toéan 3.3)
1.4. Tinh ma tran Z theo cdng thuc (3.6)

1.5. Tinh ma tran H va ma tran HH'
Budc 2: (online):

2.1. Goi ICo «LF-DFE (Q) (Xdc dinh déc trung cua anh truy van Q)
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2.2.Tinh z,, = (2,1 ) theo cac budc sau:

Goi thu tuc ANNSearch véi chi muc IDXa dugc danh trén tap tam cum
{A:} dé thu dugc cac chi sé cia diém neo gan nhat véi 1Cq vai C gid tri khoang

cach tuong ung:

Cn+ll7 e Cn+ls
’ ' <« ANNSearch({A, IDX ,},s,1C,).
({qu <<y, }J t h9:1Co)

Cubi cuing tinh
K dn+l,ck
dn+1,cs

_ ) vc € {Ck }lSkSS
ch,n+1 - S dn+1,ck
Zk':l d
n+1,cq
0 it vee{c hao

2.3. Tinh hé s6 vector aH™h_,:

_ ¢ 5
vi=in, (-a)aHh, lil=(-a)ad 2z
c=1 i
Z..%12
:(1—0{)a Z C,i c,Q
c|A Ny (i,5)A A eNb(n+1,s) Dii

Lap tinh vector xép hang rq = (o).,

r, =0, =(0,0,...,0)
C

hig =aSko +(1-a)aH "N,y

Cho dén khi hoi tu: r, =limr. , ; o = (Fyie = {1-2)aH B}, ;.

Budéc 3: Tra vé vector xép hang {ro}.

Thuat toan HD-EMR dé xuat 1a cai tién cia EMR gdc véi tap cac diém
neo 16n thu duoc tir thuat toan LDM-FCM va tap vector biéu dién anh két hop
chiéu rat cao. Bang cac thuc nghiém cho thay khi &p dung HD-EMR trong
CBIR cho d6 chinh xac cao hon so véi EMR gbc (EMR-K-means) va EMR-
(lvdc-FCM).
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3.6. Thuc nghiém va céc két qua
3.6.1. Mdi trwong theec nghiém va hudn luyén mang EfficientNetB7+

Bo vector dic trung CNN duoc trich rat tir mo hinh tién huan luyén
EfficientNetB7, Resnet50, VGG19 duoc huan luyén trén tap dix liéu ImageNet.
Piéu nay cho phép céc vector dic trung biéu dién anh thu duoc muc cao ¢ kha
nang biéu dién mot loat cac dic trung tét va thdng tin hoc dugc tir hinh anh.

Ngoai viéc st dung mé hinh tién huan luyén trén, luan &n da thuc hién tinh
chinh mang EfficientNetB7 va huan luyén trén ba tap dit liéu riéng biét 1a Logo-
2K+, Corel30K va VGGFACE2-S. Viéc diéu chinh ndy nham tao ra mét mo
hinh 12 phién ban cai tién cia mang EfficientNetB7, duoc goi la
EfficientNetB7+. M6 hinh nay dung dé trich rat ddc trung trén cac tap dit liéu
nho, da dang khac nhau cho nguoi dung.

Viéc st dung mang EfficientNetB7+ [CT6] cho phép tan dung dugc cac
thong tin da dang va phong pha tur céc tap dir liéu Logo-2K+, Corel30K va
VGGFACE2S. Biéu nay gilp cai thién kha nang trich rat dic trung tir cac hinh
anh va tang tinh da dang cua bo vector dic trung biéu dién anh. Bang cach két
hop cac tap dit liéu va ki thuat huan luyén lai, LA di tao ra mot mang trich rit
dic trung hiéu qua, gilp cai thién két qua trong céc tac vu CBIR. Hinh 3.10 anh
truc quan hoa sau khi hoc biéu dién anh bang mang hoc sau EfficientNetB7+.

Class Activation Map

0 o

100

300

400

500

Anh gbc Lop “ban d6 nhiét” cia anh  Lép hinh anh phi hop
Hinh 3.10. Ban d6 nhiét va hinh anh thu dwoc sau khi di qua mang
EfficientNetB7+
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Céc thuc nghiém duoc thuc hién trén 2 hé théng, danh cho 2 loai tac vu
khac nhau. Mai truong thuc hién qua trinh huan luyén 12 Google Colab st dung
thu vién hoc sau cua Keras [47], Tensorflow [118] va cac thu vién xur Iy hinh
anh cua OpenCV [11], thu vién FAISS [29].

Bang 3.1, bang 3.2 trinh bay cau hinh cta cac méi trudng thuc nghiém
trén Google Colab va may tinh c& nhan. Cac tham sé thuc nghiém dwogc trinh
bay trong bang 3.3. Ching t6i danh gia bang do do Accuracy (D¢ chinh xé4c)
va Validation (kiém thtr ¢ chinh xac cua mé hinh tinh chinh khi huan luyén).
Cac tap anh huan luyén duoc chia theo ti 18 20% anh trong CSDL lam tap anh
Validation, 80% anh trong CSDL lam tap anh huén luyén.

Thong s6 fine-tuning: Batch_size=16; tham sé vé Epoch tlly thudc vao cac
tap dir liéu training, learning_rate (Ir=0.0001), toi wu hoa theo ham Adam. Két
qua thuc nghiém duoc trinh bay trong bang 3.1.

Bang 3.1. Méi treong thuc nghiém Google Colab
GPU RAM Disk
Python 3 Google Compute Engine backend 13 GB 70 GB

Bang 3.2. Méi treong thwc nghiém may tinh ca nhan

CPU RAM Disk
Intel® Core™ i5-3317U CPU @2.4 Ghz; | 24 GB DDR3L | SSD 512 GB
GPU 4Ghz

Bang 3.3. Cac tham so thuc nghiém

Gia tri . . o Ham
Ham to6i wu | Ham chi phi
drop-out kich hoat

0,001 0,6 Adam cross-entropy RelLU

Tbc d6 hoc
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Bang 3.4. Két qua transfer learning véi mang EfficientNetB7+

trén cac tap dir liéu

Thoi gian _ Training Training | Validation
. Tap dir liéu
huan luyén accuracy loss accuracy
79,330 giay
, VGGFACE2-S 0,9864 0,1441 0,9425
(> 22 gio)
77,470 giay
, Corel30K 0,9163 0.1842 0,8526
(>21 gio)
76,421 giay
, Logo-2K+ 0,9524 0,1512 0,9157
(>21 gio)

Két qua huan luyén caa cac mo hinh trén céac tap di liéu:

Training and Validation Accuracy

——

-—

Hinh 3.11a. Két qua huan luyén trén

tap dir lieu VGGFACE
(véi 40 epoch)

Training and Validation Accurac

¥

100
0.95
0.90

085

- —

08

02

Hinh 3.11b. Két qua huan luyén

tap dir liéu Corel30K

(véi 20 epoch)
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Training and Validation Accuracy

/’\__/\,/’\-/'* TR

Accuracy

10
Training and Validation Loss

Cross Entropy

10
epoch

Hinh 3.11c. Két qua huan luyén trén tap logo-2K+ (véi 30 epoch)
Sau khi huan luyén trén céc tap dir liéu cac model va cac weight tét nhat

duoc lya chon va luu lai. Pua cac model va cac weight nay vao thuat toan 3.1,
thuc hién viéc trich rat dac trung cho cac tap dir liéu va dugc vector dac trung
muc cao biéu dién anh vai sb chiéu 2560D; Két hop véi dic trung muc thap
809D ta dugc bo vector dic trung biéu dién anh vai s6 chiéu rat cao: 3369D.

Bang 3.5. Bang cac dic trung sit dung trong thuc nghiém

e Kiéu diic S6 chiéu vector
Cac mo ta ) <
trung dac trung
GCM Color 81
LBP Texture 59
GWT Texture 120
EDH Shape 37
GIST Shape 512
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
op dz +
(B7+va LF) CNN+LF 3369
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3.6.2. Cac tham sé va két qud thuc nghiém h¢ théng dé xudt HD-EMR

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

Cac thong sb thuc nghiém nhu sau:

a. Str dung cac dac trung muc cao (dac trung CNN) dugc trich rdat tier mo
hinh mang duoc huan luyén tir truée nhu: EfficientNetB7, VGG19, Resnet50
va mang hiéu chinh dé xuat EfficientNetB7+. Sé chiéu cua cac vector dic trung
thu dugc nhu bang 3.6.

b. Tham sé cho LDM-FCM (thuc hién trén méi truong Google-Colab)

» Sb cum C=4000 dén 7000.

« Sbvong lap 50 dén 150 (tuy thudc vao CSDL)

« p=2 s mil cua cong thic phan cum FCM.

« Nbest=150, 200,250 (sb lan can tét nhat caa 1 tAm cum tuong ¢ng Voi
3 tap dir liéu Logo-2K+, Corel30K, VGGFACE2-S)

« =10 (hing s ding cua thuat toan)

» Sirdung ham ANN, bo lap chi muc IndexFlatL2 cua thu vién FAISS.

» Thu vién Numba cho CUDA 11, sir dung khoang 1000 threads tinh toan
song song gia tri ma tran d¢ thugc.

c. Tham s trong thuat toan HD-EMR:

o= 0.99; n,=350; s= 5 (s6 diém neo l1an can gan nhat caa mot diém dir liéu);

S6 diém neo p= 4000 dén 7000 diém neo

Luan an tién hanh thuc nghiém trén cac bo dic trung duoc trich rdt tir cac md
hinh hang hoc sau dugc huan luyén truée nhu Resnet50, VGG19, EfficientNetB7
va mang hiéu chinh EfficientNetB7+ va so sanh véi dic trung két hop mac thap va
mtc cao (dac trung mirc cao dugc trich rat tir mang hiéu chinh EfficientNetB7+).
Po chinh xé&c ctua phuwong phap dé xuat HD-EMR duoc dénh gia thong qua do
chinh x4&c tra ctru (cdng thurc chi rd trong muc 1.7). Cac tap dir liéu thuc nghiém
gom 3 tap Logo-2K+, Corel30K, VGGFACE2-S dugc gisi thiéu & chuong 1.
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Vi mdi tap CSDL ¢6 sb luong anh khéc nhau, nén trong tuc nghiém luan
an lra chon s luong diém neo twong ttng (Voi tap Logo-2K+ 1a 5500 diém neo,
Corel30K 1a 5000 diém neo, VGGFACE2-S 1a 7000 diém neo), tap anh truy
van dugc xay dung bang cach chon ngau nhién 20 anh tir mdi 16p cua mdi tap
dir liéu. Két qua tra ciru tra vé 1a 20 anh c6 lién quan va duoc xép hang cao
nhat. Trong hinh 3.12 12 két qua danh gia do chinh xac cta hé théng tra ctru anh
HD-EMR dua trén cac dic trung hoc sau va két hop gitta dic trung hoc Sau V4i
dic trung muc thap.

100.00%
95.00%
90.00%
85.00%
80.00%
75.00%
70.00%
65.00%
60.00%
55.00%
50.00%

Do chinh xac

VGG19 Resnet50 (B7) (B7+) (B7+vaLF)
Cac dac trung

=8| 0g0-2K+ =—0=\/GGFACE2-S Corel30K

Hinh 3.12. B¢ chinh x&c tra ciru trén 3 tap caa 5 loai dac trung CNN véi
thuat toan dé xuat HD-EMR

Bang 3.6. Bang két qua tra ciru trén 3 tap dir liéu véi sé 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%
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Tu két qua thuc nghiém, khi ta ding mang trich rat dic trung
EfficientNetB7+ (goi tat 1a B7+) cho két qua trong tra cau tot hon so véi céc
mang tién huan luyén (d6 chinh xac cao hon cac mang con lai khoang 5%-
10%). Khi tra ctiu véi dic trung két hop cho d6 chinh xéac cho do chinh xac cao
hon khoang 5%-7% so vai khi chi sit dung minh dac trung CNN.

Trong phan nay, luan an lra chon ngau nhién 10 anh thudc 10 chu dé khéc
nhau cia mdi tap dit liéu dé 1am anh truy van. DBé danh gia d6 chinh xéac luan
an lua chon két qua tra vé sau tra ciru gom 20 anh trén cing c6 noi dung lién
quan véi anh truy van nhat. Va luan &n thuc nghiém danh gia hé thong CBIR
st dung thuat toan dé xuat HD-EMR so sanh véi thuat toan goc EMR vai vector
dic trung két hop (EMR géc sir dung phan cum K-means trong thu vién FAISS
chay trén GPU [120]) véi tap cac didm neo 1a 4000, 4500, 5000, 5500, 6000,
7000 trén ca ba tap CSDL. Hinh 3.13a, 3.13b, 3.13c thé hién d6 chinh xac tra
ctu trén tung tap CSDL.

Logo-2k+

100.00%
g 80.00%
5
=
£ 70.00%
=
< y . V. &
e o ¢ \ 4 v g
/A 60.00% *~r v

50.00%

40.00%

4000 4500 5000 5500 6000 7000

so0 diem neo

—4—EMR ——HD-EMR

Hinh 3.13a. D¢ chinh xac cia hai phwong phap EMR va HD-EMR
trén tap CSDL Logo-2K+
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80.00%
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50.00%

40.00%

Hinh 3.13b. P9 chinh x&c caa hai phwong phap EMR va HD-EMR

100.00%

90.00%

80.00%

70.00%

P9 chinh xac

60.00%
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Corel30K

4000 4500 5000 5500 6000 7000
s6 diém neo

—4—EMR ——HD-EMR

trén tap CSDL Corel30K
VGGFACE2-S
— —n —0 T— ——"
4000 4500 5000 5500 6000 7000

So diém neo

—4—EMR ——HD-EMR

Hinh 3.13c. P§ chinh xac ciaa hai phwong phap
trén tadp CSDL VGGFACE2-S
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Cac s6 liéu thu duogc trén d6 thi cho thiy d6 chinh xac cia HD-EMR vuot
troi so véi EMR trén tap vector biéu dién anh c6 sé chiéu rat cao.

Trong thuc nghiém sau, luan &n thuc nghiém so sanh giira thuat toan dé
xuit HD-EMR vdi thuat toén tra ciru khuéeh tan EIRD20 [11, 118] (Efficient
Image Retrieval via Decoupling Diffusion into Online and Offline Processing),
ca hai thuat toan sir dung cac loai dac trung CNN (VGG19, Resnet50,
EfficientNetB7 va mang hiéu chinh EfficientNetB7+) trén tap dir liéu Corel30K.
Vi HD-EMR st dung s6 diém neo 12 5000. Hinh 3.14 danh gia d6 chinh xé4c cua
hai phuong phép vai s6 anh tra ciu tra vé 1a 20 anh.

74.00%
72.00%

= 70.00%

€

‘_E 68.00%

&'66.00%

64.00%
62.00%

VGG19 Resnet50 (B7) (B7+)
Mang trich rit djc trung
——HD-EMR —#—EIRD20
Hinh 3.14. P96 chinh x&c cua hai phwong phap

Trong hinh 3.14 thiy rang d6 chinh xac ctia phuong phap dé xuat HD-
EMR va EIRD20 gan nhu nhau trong tap CSDL Corel30K. Mic du EIRD20
cling dat duoc két qua gan nhu phuong phap dé xuat, nhung khi sé chiéu biéu
dién anh ting 1én va CSDL 16n thi thuat toan EIRD20 khong thuc hién dugc
trén may tinh CPU thong thuong vi d6 phuac tap tinh toan I6n.

Hé théng dé xuat dugc phat trién thanh mét Gng dung tra ctru anh dya
vao ndi dung vdi cac pha:

Pha ngoai tuyén: Pha nay gdm cac cong cu trich rit dic trung anh theo

cac loai dic trung murc thép, dac trung CNN, chuin hoéa dic trung muc thép va
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tim ra b diém neo. Luu trix dit liéu dic trung va dir liéu diém neo dé dung cho
qué trinh tra ctru anh.

Pha truc tuyén: Anh duoc ngudi ding dua vao truy van va dugce trich rat
dic trung véi cac phuong phap nhu ¢ pha ngoai tuyén. Str dung thudt toan tra
cuu truc tiép HD-EMR lya chon va dua ra tap anh lién quan voi s6 lugng anh
tra vé lién quan nhit do ngudi dung yéu cau.

3.7. Két luan chwong 3

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

Van dé 1: Trich rat dic trung mic cao phi hop véi noi dung anh tir cac
mang CNN di 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 xuét
mang EffcientNetB7+ 14 mang dung dé trich rat dac trung muc cao cua anh
(ddc trung CNN) cho hé théng CBIR dé xuat. Cac thuc nghiém danh gia do
chinh xéc két qua tra ctiru anh da duogc cai thién khi sir dung dic trung mirc cao
duoc trich rat tor mang EffcientNetB7+.

Vin dé 2: Dé xuit thuat toan LDM-FCM tim tap diém neo hiéu qua trén
tap dit liéu vector chiéu rat cao. Trong phan nay luan 4n di xu 1y duoc hai yéu
t then chdt caa do thi neo 1a s6 diém neo rat 16n va sé chiéu vector ciing rat
cao cung dong thoi xuat hién.

Véi thuat toan LDM-FCM tim, luan 4n ciing dé xuat thuat toan HD-EMR,
1a mot cai tién thuat toan xép hang EMR cho céc anh duoc biéu dién bang dic
trung két hop mic thap va mic cao (dic trung CNN). 6 thi cia HD-EMR
duoc xay dung tir cac diém neo thu duoc tir thuat toan phan cum LDM-FCM

khi &p dung 1én CSDL vector dac trung anh. Ngoai ra trong thuat todn HD-
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EMR, mét lan nira thuat toan tim kiém vector ANN lai duoc &p dung, nhung
chi muc dit liéu dugc danh trén tap di liéu cac diém neo dé cap nhat lai cac gia
tri méi s& duoc bd sung vao ma tran Z caa do thi EMR trong qua trinh tra ciu
anh.

Thuat todan HD-EMR trong CBIR dé xuit cho thay d6 chinh xéac cua hé
thng dat két qua cao hon 5-10% so voi EMR-(lvdc-FCM) va EMR.
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KET LUAN VA HUONG PHAT TRIEN

Ludn an da trinh bay khai quat mot s6 van dé co ban lién quan dén céc
bai toan trong CBIR. Trén co s& khao sat va phan tich cac nghién cuiu lién quan,
luan 4n d3 tap trung nghién cttu cac van dé co ban trong tra ciu anh tiép can di
liéu da tap, cac két qua dat duoc cua luan an dugc tom tit nhu sau:

Két qua chinh 1: Cai tién thuat toan xép hang da tap EMR bang céch
str dung thuat toan phan cum mo Ivde-FCM dé tim diém neo. Trén co s& do,
dé xuat thuat toan EMR-(lvdc-FCM) ap dung hiéu qua trong CBIR.

Két qua chinh 2: Nang cao hiéu qua tra cau anh bang phuong phap két
hop dic trung cap thap va cap cao trich xuét tir mang CNN. Chi tiét dong gop
bao gom: (i) D& xuat phuong phap tinh chinh mang CNN dé trich xuat dic
trung trudc khi két hop véi dic trung marc thap; (ii) Dé xuat thuat toan HD-
EMR duya trén cac diém neo udc lugng bang FCM cai tién két hop ANN
(thuat toan LDM-FCM) dé tra ctru anh khéng can sir dung cac phuong phap
giam chiéu dir liéu.

Ngoai ra, luan an con dua ra bo dé méi vé tinh tong quét cua dir liéu da
tap trén cac tap hitu han vector, cung cap co sé Iy luan cho ang dung xép
hang da tap trong tra ciru anh theo noi dung. Trong qua trinh nghién ctru, luan
an dé xuat st dung kién trac GPU dé thyc hién hiéu qua thuat toan phan cum
LDM-FCM.

Luan an da tong hop cac cong trinh cong bd quan trong cd lién quan trong
pham vi nghién ctiu cua ludn an, cac dé xuat cua luan an da cong bd & cac tap chi/hoi
thao Quéc 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 géc, da kiém chang hiéu
qua ctia cac thudt toan d& xuat thdng qua thuc nghiém.

Huéng nghién ctu tiép theo cua luan an:

(1) Phét trién CSDL anh cho bai toan tra citu anh theo noi dung véi cac
cha dé vé anh Y té, anh Nong nghiép ciing nhu cac loai CSDL anh phuc vu cho

cac van dé Kinh té/xa hoi. ..
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(2) Nghién ctu cac thuat toan trich rt dic trung anh bang cac mang
hoc sau (deep learning) va phan cum dit liéu anh bang cac mang neural d6
thi (Graph Neural Network), c4&c mang hoc sau theo tiép can phan doan ngi
nghia nhim ning cao do chinh xé&c cua c4c hé thdng tra ciru anh theo hudng
khia canh ndi bat (salient aspects).

(3) Nghién ctru va hoan thién thuat toan xép hang da tap, nghién ctu mo
rong mo hinh da truy van, truy ciu théng tin thi gidc & mac ngir nghia cao hon
dua trén cac thuat toan phan doan ngir nghia (semantic segmentation) trén cac
tap CSDL Ién.
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PL1

PHU LUC

PL1: Giai thich dinh nghia da tap theo toan hec va cac vi du

Mot da tap tdpd n chiéu 1a mot khong gian t6pd ma mdi diém co lan
can dong phoi vai tap con ma caa R, ndi mot cach khac, 1a khdng gian topd
tach duoc véi mdi diém cua nd c6 mot 1an can dong phdi véi mot tap mo trong
khdng gian Euclide n chiéu.

Pa tap chinh la khai niém toadn hoc m¢ rong cua duong va mat.

OO0

\ A A
Bon ban db trén Mot ban db Cac duong Ban d6 tao boi
duong tron. trén duong cong dai s6  phép chiéu nura trén
tron chi thiéu mat cau lén cai dia
mot diém

Moét hinh tru hru han la Mat Mobius Chai Klein dim trong khong
mot da tap vai bién. gian ba chicu.
Hinh PL1. M6 phong cac khong gian dap tap

Mot A - “da tap” 1a mot khong gian tépé M thoa man:
e M 13 Hausdorff (khong gian tach dugc) va ¢ mot co s dém duoc.
e M “dong phoi” dia phuwong véi cac tap R"VvaGi n ¢b dinh, tic 12 véi

vpeM , ton tai mot 1an can ma U chtra p va mot ddng phoi ¢:U — Vv Vi v e R


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/Kh%C3%B4ng_gian_t%C3%B4p%C3%B4
https://vi.wikipedia.org/wiki/%C4%90%E1%BB%93ng_ph%C3%B4i
https://vi.wikipedia.org/wiki/Kh%C3%B4ng_gian_Hausdorff
https://vi.wikipedia.org/wiki/Kh%C3%B4ng_gian_Hausdorff
https://vi.wikipedia.org/wiki/L%C3%A2n_c%E1%BA%ADn
https://vi.wikipedia.org/wiki/Kh%C3%A1i_ni%E1%BB%87m
https://vi.wikipedia.org/wiki/To%C3%A1n_h%E1%BB%8Dc
https://vi.wikipedia.org/wiki/%C4%90%C6%B0%E1%BB%9Dng_(to%C3%A1n_h%E1%BB%8Dc)
https://vi.wikipedia.org/wiki/M%E1%BA%B7t
https://vi.wikipedia.org/wiki/M%E1%BA%B7t_M%C3%B6bius
https://vi.wikipedia.org/wiki/Chai_Klein
https://vi.wikipedia.org/wiki/Ph%C3%A9p_d%C3%ACm

PL2

. Mot cap (U, ¢) nhu vay duoc goi 1a mot hé toa do. Mot tap cac hé toa d6 phu
M duoc goi la mot at-1at cua M.

e Céac anh xa chuyén ddi hé toa @ wop: p(U, NU,) - (U, ~U,) 1a cac
ham tron.

e Taphop tat ca cac hé toa do tuong thich voi cAu trac vi phan cua M duoc
goi la at-lat cyc dai cia M.

PL2: Ching minh: Khéng mét tinh tong quét ta gan r(0)=y.

Tu phuong trinh 13p (1.2) r(t+1) = aSr(t) + (1-a)y ta co:

[ .
rt+1)=(aSrit)y+@-a)> (aS)'y
t=0
Véi 0<a<1va cac gia trj riéng cua S thoa man: -1<S<1(cd thé
xem S nhu ma tran ngau nhién p = D-w = D¥?sSD"?)

lim(eS)' =0 va I|mZ(aS) =(1-aS)™*

t—>ow

Do do: r’ =!er; rt)=1-a)(1-aS)™y.

PL3: Chiang minh:
1&< 1
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2;”2_1 ij ” ,_Dii ik [D ; ik ”
L1 L 1 1
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1

=tr(Y" (I, —D’%WD’E)Y)
Nhu vay ta co ann:”Yik —F, |P=llY —F |2 chinh la cdng thac (1.7).
k=1 i=1
PL4. Chieng minh cac cong thic
Ch#ng minh:

0= MR pwD¥er 4 p(r - I), 4= Lra
or a
= (I, —aD™WD™"*)r = (1-a)r,

r=01-a)(l,-aD*WD ™)™,

t=0

r*=(1-a)(I, —aD™WD ™) r, = (l-a)(l, —-aS)™r, = (l—a){i(aS)t}ro

r=01-a)(l,-aD™WD ™) 'r, = (1-a)(l,-aS)™r,

=(1—a){i(a8)t}ro :(l—a){ln+2(a8)t}ro

t=0

i=0 i=1

=l = (l—a){ln +§(a8)l}r0 =1-a)r, +(1—a){lzﬂ:(a3)l}r0

=(l-a)+(1-a) {aSZt:(aS)t} nL=00-a)+aS {{(l—a)zt:(aS)l } ro} =aSr, +(1-a)r,

Vay 1, =limr, véir,,=aH"h  +(@HH)r,=aSk,+aH™h,,.

t—>+w0
bit H=2ZD"? nén S=H"H.
Ap dung cong thirc Woodburry’
Uisnxk,and Viskxn,taco (1, +uv)*=1 -U(, +VU)?V

Apdung Véi U =H™ V = —a H

rr=0-a)(I,-aS)'r,=1-a)(I, —aH"H)™r,

=(@-a)(l,-H (Ic + (~aH)*H") " (~aH))x,

=l-a)(l,+aH (I, —aHH")"H)r, =(1-a)(I, +aH" (1. —aHHT)*H)r,
=@-a)(l,+aH" (I —aHHT) *H)r, = (- )1, *1, + 1-a) {aH" (I, —aHH ") *H}r,
=(1-a),+(1-a){aH (I, -aHHT) "H}

7https://en.wikipedia.org/wiki/Woodbury _matrix_identity
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N 1
B:(IC—aHHT)I:(IC—aZhihiTJ
n+l _I1=l n+1 -1
:(IC—aZhihiT—ahmthlj z(lc—aZhihiTj =B,
i=1 i=1

. - 0
r z(:I-_OC){In-v-l_aHr-:—eW(IC _aHHT) 1 Hnew}|: n:|

1
_ (1—a){ln+1 —a{hij B[H,hn+1]Hﬂ

PL5: Thuat toan FCM

Thuat toan 2.1. Phan cum mo FCM co ban [99]

Input: Tap dit lieu X = {Xs, ..., xi, ..., xn) €RP, s6 cum C (C<<n), hé s6 mo p

=2 va sai s &, s6 vong lap L.

Output: Tap tdm cum A={A.}
1. Khéi tao: Ma tran d6 thuoc p=[|i] véi diéu kién (2.2);
2. 1=0. //dém sb vong lap.
3. While (| Jgu = Jg > £) va (I<L))

3.1. Cap nhat A st dung cong thtrc (2.5)
3.2. Cap nhat L str dung cong thuc (2.4)
4. |1=1+1;
5. End While

Do phuc tap cua thuat toan 2.1 |a:
Néu khéi tao tap tdm cum st dung K-means: O(n*C*D)

Xéc dinh n x C khoang cach giira ting tdm cum va cac diém dix liéu:

O( L*C*n*D)
Uéc lugng ma tran do thudc: O(L*C*n)
Cap nhat tam cum: O(L*C*n*D).

Tong d6 phirc tap cua thuat toan FCM 1a:
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O(n*C*D) + O(L*C*n*D) + O(L*C*n) + O(L*C*n*D)

Trong d6 ¢ 1a mot tham sb da nho (do khai tao cia ngudi dung), con duoc
goi la tiéu chuan hoi tu. L 12 s6 vong lap tdi da ¢ dam bao thuat toan phai ding.
PL6. Phép chudn héa 3c-opt

Céc phép chuan héa min-max, 3o va 3c-FCM déu duoc ap dung rong rai
trong CBIR nhung c6 nhiéu han ché, trong [97] d& dé xuét phép chuan hoa 3o~
opt dua trén phan cum mém FCM [126].

Cho truéc mdt CSDL ddc trung muc thap LE={LE} ., sir dung FCM ta

phan cum LE; thanh C cum, thuat toan lip FCM cuc tiéu hda ham muc tiéu sau:

JAW =33,

i=1 c=1

2
LE, —A| — min

Trong d6 cac hiang s6 p = p(t) > 1, C=C(t) eN*,C>2, b chiéu vector dic

trung M, =dim(LE;),v1<i<n va d6 do khoang cach Euclide:

m

"= 3 (LE,[i1- A.Lil)

j=1

L, -A.

Sau khi phan cum FCM dir liéu vector ddc trung muc thap t (te{Color
moment, LBP, Gabor Wavelet texture, Edge, GIST} cua CSDL anh E ta nhan

duoc tap cac vector tam {Ach.() va bang céc gid tri do thudc 1a {u;  hejm receco

. Tiép theo ching ta tinh gia tri chuan héa 3o thong thudng véi tirng cum va
két hop cac gia tri nay lai thanh mot gid tri dau ra duy nhét dang tuyén tinh nhu
sau:

Gia sir x ={x ;}" & vector di liéu dau vao, khi do x,, ={% ..}

j=1

la

vector chuan hoa dugc xac dinh c6 dang nhu sau:

def . X — i Xj— i Lm
Xoom, = &y MIN X" A + max 5 Ay b vi=tm,
‘ 1<c<C So-t,c,j Ize<C 30—t,c,j

Trong d6 d léch chuan s ¢ cum ¢ (1<c<C) duoc tinh bang cng thic sau:
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vi<j<m, aw‘jdif Z::yc”vi(LEtvi‘j —A,M)Z/g‘y; :\/(gtut?c,i(LEt,i,j)Z/gﬂt?c,i)_Az,c,j
Va céc tham sé a;, by;j thoa man:
O<a<1,-05<b <05

Phép chuan hoa dugc thiét ké dé dam bao c6 khong qua (100*«,, )%
vector cia CSDL dic trung muc thap bo t tai mdi thanh phan vector
jeldim(LE,) roi ra ngoai doan [-1,1] va do trai rong cua tap thanh phan j cua
tap vector CSDL trén [-1,1] 1a Ién nhat.

Vi mdi hé sé thuc a, by va thanh phan dic trung jel,dim(LE,), ching ta
Ky hiéu:

def #{i/i elnaa*d, +b e[—l,l]}

C . =
tab, n

Trong do:

Va d6 trai trén doan [-1,1] cua tap dit liéu dic trung bo t, thanh phan j s&
dugc lay trung binh trén toan bo t cua CSDL E va tat ca cac thanh phan
j €1,dim LE, nhu sau:

3 (a,*d,; ; +b)?
o ;Kjéd%_Et)A ! (1.14)

_ a*d; j+be[-1,1]
Ri’a‘t ’b(,J -

n
Nhu vay viéc xac dinh cac hé sé thuc ag,b, dé xay dung phép chuan hoa
dic trung bd t cho mot CSDL dic trung muc thap E ¢d thé chuyén thanh viéc
giai bai todn toi wu da muc tiéu xac dinh hé sd a,, b, ¢6 cdc ham muc tiéu va cac
rang budc nhu sau:
Rian.; — Max,vj=1dim(LE,) (1.15)
Vi rang budc:
Cian.j < %o Vi =1dim(LE,) (1.16)
Pay 1a mot bai todn tdi wu da muyc tiéu c6 dang dic biét, cac rang budc
(1.16) 1a cho cac dai lugng roi rac va cac ham muc tiéu (1.15) duoc tinh ¢ cong
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thire (1.14) ciing ¢6 nhiéu diéu kién, vi vay viéc giai bai toan tdi uvu da muc tiéu
nay 1a can mot phuong phéap riéng. DE giai bai toan nay y tudng cua ching toi
1a thiét k& mot ham muc tiéu bi chin Fy(a,b) cho bai toén téi vu mot muc tiéu
sau: dugc tao thanh thong qua 3 budc thiét ké nhu sau:
Buéc 1: Két hop cac gia tri muc tiéu R, , ;» J =1,dim(LE,) vao mot ham

muc tiéu bi chan nhu sau G, (a,b) — min, trong do

! (0,1

Jz 5 <adt,ij+b>2/ (1.17)
14 i=1 1< j<dimE,Aad,; j+be[-11] ]
n*dim LE,

Buwéc 2: Chuyén céc rang budc (1.16) thanh dang gia tri “phat” cong thém

def
G,(a,b) =

vao ham muc tiéu, rang budc (1.16) dugc théa méin day du nghia 1a cac gia tri
cong thém nay 1a 0 va tai gia tri ham muc tiéu dugc xap xi nho nhat thi kha
nang 1 khong c6 “phat”. Chung ta c6 thé phat biéu chinh xéac dang phat nhu
sau:

“Néu tai thanh phan j ciia vector ddc trung bé t Xac sudt gia tri chudn hoéa
roi ra ngoai [-1,1] cia n vector déc trung bé t cia CSDL dau vao ma virot qQUa
aout thi gid tri phat 1a 1, tréi lai 1a 0 (khdng phaz) ™.

Buwéc 3: Két hop cac gia tri phat vao ham muc tiéu Gy(a,b), ta c6 ham mot
muc tiéu F (a,b) - min khdng con rang budc (1.16), trong do6

F(ab)= +{jeldim(LE)/{ieln/a*d, . +be[-11]!>n*q
(a,b) L jeldim(LE)/{ieln/a*d,,, +be[-11}>n*a,,

JZ oy (a*dt,i,,-+b)2/ ” } (1.18)
oo, o /raimie

Nhan xét: Ham Fy(a,b) duoc thiét ké theo nguyén tic phat (ting thém gia
tri 1.0) tai mdi thanh phan j €L dim(LE,) ma c6 Ién hon (100*a,, )% vector cua
CSDL dic trung muc thap bo t tai thanh phan vector roi ra ngoai doan [-1,1].
Nhu vy Fi(a,b) s& tang khi c6 nhidu thanh phan jeLdim(LE) ma c6 I6n hon
(100* e, )% vector cia CSDL déc trung mirc thap b t tai thanh phan vector
roi ra ngoai doan [-1,1]

Thuit toan chuan hoéa 3c-opt
K§ thuat xay dung phép chuan héa véi tham sé tdi wu duoc thyc hién theo
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thuat toan 1 nhu sau:

Thuat todn 1: Phép chuan héa 3c-opt (Phép chuan hda véi tham s t6i wu hoa).

Input: {LE,} dic trung bo thir t, hang sé p = p(t) > 1, CeN",C>2,

1<i<n<t<T ?
m, =dim(LE, ), Vi =1,n, ngudng phan tram roi ra ngoai [-1,1] cua c4c thanh phan
vector sau khi chuan héa o,

Output: {LE'"™} _dit ligu da duoc chuan hoé bo th j thuoe doan [0, 1], céc

BN {AS o {0 oy, VA ThAM SO Aopt, bopt.

G

c=1'

Budc 1: FCMm (C,, pt)({LEm} ) ta dugc tap cac vector tam{A } " , va ma

1<i<n;I<t<T

tran do thuoc{ s, }

1<c<C, I<i<n

Buéc 2: Tinh {s, ! theo cong thuc (1.10)

1<e<C, I< j<m

Buéc 3: Tinh {d, | theo cong thuc (1.13)

1<c<C, I< j<m,
Buwéc 4: Giai téi vu F (a,b) — min, xac dinh dugc ae (0,1), be [-0.5,0.5], &
day Fi(a,b) xac dinh theo cong thtrc (1.14):

41 Khoiddu a=—>  b=0,
C+1

4.2: Lap, thay dbi a va b dé Fy(a,b) dat t6i gié tri xap Xi gié tri nho nhat ([128])
43 Gé.n aopt= a, bopt= b
Bwéc 5: Chuan héa vé [-1,1]:

Lap véi mdi vector dic trung bo t cia CSDL {LEU} :
5.1: Lap v6i mdi thanh phan thir j cua LE;; | =1,_mtcf1a vecror X= LE,,
tinh X .om = LE(} | theo cong thic (1.9) sir dung hai hé s6 agpt, Dopt.

5.2: Chuan héa vé [0,1] (4p dung cho CBIR):

Lap véi méi vector LE®™ :vj=1m

o | max {LE[T, 1} +1
tinh lai LEX™ =min - A

ti, ] 2

Tra Vé: {LEtr?iorm }1§i§n’ {AC }1gcsct , {O-t,c,j} y Aopt va bopt.

1<c<C, A< j<m,

Thudt todn 1 ¢6 dg phirc tap O(n), & ddy n la s6 lwong anh cia CSDL anh E.
Trong ndi dung caa LA, cac dic trung mirc thap duoc chuan hda theo thuat
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toan 3c-opt va duoc st dung cho thuc nghiém & cac thuat toan dé xuat & céc
chuong trong luan an.

PL6. Pdanh gid dj phic tap cria cac thugt toan

FCM LVDC-FCM LDM-FCM
Khéi tao tap tdm cum st dung K-means
O(n*C*D) O(n*C*D) O(n*C*D)

Xac dinh n x C | Xac dinh n x C khoang | Xac dinh n x C khoang cach
khoang  cach | cach gitra ting tdm cum va | gitra tng tdm cum va céac

gitta tng tam | cac diém dir liéu: diém dit liéu: khong sir dung.
cum va cac diém | O(L*n*C*D) Xac dinh xap xi ny lang giéng
dir ligu: Xac dinh ny lang giéng ting | timg tam cum va n, khoang
O(L*C*n*D) |tdm cum:O(1) cach tuong tng: O(1)
O(L*C*log(n)*D

+ L*C*ny*D)

U'ée lwong ma tran do thudc
O(L*C*n) O(L*C*n,) O([L*C*n,/c,]) trén GPU, &

trén CPU trén CPU day cpm l1a sé cac thread
(ludng) tinh toan song song.

Cap nhat tam cum
O(L*C*n*D) O(L*C*n,*D) O(L*C*n,*D)

Tong dd phirc tap cia cac thuat toan

O(n*C*D) + | O(n*C*D)+ O(L*n*C*D) | O(n*C*D)+

O( L*C*n*D) | +O(L*C*n,)+ O(L*C*log(n)*D

+ O(L*C*n) + | o(L*C*n,*D) + L*C*np*D)

O(L*C*n*D) +O([L*C*n,/c,])+
O(L*C*n,*D)

B6 nhé sir dung
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FCM LVDC-FCM LDM-FCM
Ma tran do thugc
O(C*n) O(C*np) O(C*np)
Tap tam cum
O(C*D) O(C*D) O(C*D)

PL7: Bang so liéu thong ké d chinh x&c cac tra ciu theo tieng bd dir liéu
1. Két qua tra ciru trén tap Corel30K (Twong ing hinh 2.9b)
Bang két qua trung binh @9 chinh xac ciia 4 phwong phap trén tap
dir liéu Corel30K véi sb anh tra vé khac nhau véi sé diém neo 1a 5000

PPtra| AGR EMR SGR EMR-(lvdc-FCM)
ciru| (%) (%) (%) (%)
S6 anh
tra vé
10 80.92 88.40 89.40 92.10
20 58.10 61.60 62.70 68.70
30 50.10 60.10 61.90 65.20
40 46.70 52.01 53.15 58.10
50 39.40 40.50 41.00 42.35

2. Két qua tra ciru trén tap Logo-2K+ (Twong ing hinh 2.9c)
Bang két qua trung binh dd chinh xac ciia 4 phwong phap trén tap
dir liéu Logo-2K+ véi sb anh tra vé khac nhau véi sé diém neo 1a 5000

PPtra| AGR EMR SGR EMR-(lvdc-FCM)
ciu | (%) (%) (%) (%)
S6 anh
tra vé
10 75.41 83.50 85.60 88.70
20 54.70 58.70 59.40 67.90
30 48.71 53.80 53.12 60.69
40 46.20 51.20 52.46 55.10
50 39.10 40.20 41.00 42.50

3. Két qua tra ciru trén tap VGGFACE2S (Twong ring hinh 2.9d)




Bang két qua trung binh d6 chinh x4c ciia 4 phwong phép trén tap dir liéu
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VGGFACE?2S véi s6 anh tra vé khac nhau véi so6 diém neo 1a 5000

PP tra AGR EMR SGR EMR-(lvdc-FCM)
ctu | (%) (%) (%) (%)
Sé anh
tra vé
10 80.92 89.40 90.10 95.90
20 61.38 68.10 68.40 73.10
30 56.40 60.10 61.80 68.00
40 51.29 53.19 54.10 57.80
50 41.00 42.00 44.17 45.74

4. Khi thay ddi so diém neo trén cac tap dir liéu, két qua tra ciru vé do
chinh xic dwoc cai thién thé hién & cac hinh 2.10a, 2.10b, 2.10c. Dir liéu

bang két qua dwoc thé hién qua cac bang théng ké sau:

4.1. Bang két qua trung binh @9 chinh xac ciia 4 phwong phap trén tap dir

liéu Corel30K véi s6 anh tra vé la 20 anh véi so6 diém neo khac nhau

S6 diémneo | 3000 3500 4000 4500 5000
(%) (%) (%) (%) (%)
PP tra ctru
AGR 54.10 55.20 56.40 56.50 58.10
EMR 57.30 59.20 60.70 61.20 61.60
SGR 58.20 59.90 60.90 62.10 62.70
EMR-(lvdc-FCM) 66.60 67.40 68.70 69.60 69.50

4.2. Bang két qua trung binh @9 chinh xac ciia 4 phwong phap trén tap dir

liéu Logo-2K+ véi so anh tra vé 1a 20 anh véi sé diém neo khac nhau

S6 diémneo | 3000 3500 4000 4500 5000
(%) (%) (%) (%) (%)
PP tra ctru
AGR 50.37 53.20 53.90 54.30 54.70
EMR 56.30 57.10 59.80 59.20 58.70
SGR 58.10 58.90 59.60 59.10 59.40
EMR-(lvdc-FCM) 65.20 66.10 67.80 67.50 67.90

4.3. Bang két qua trung binh d chinh x&c ciia 4 phwong phap trén tap dix liéu

VGGFACE2S véi sé anh tra vé 1a 20 anh véi s6 diém neo khac nhau
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S6 diémneo | 3000 3500 4000 4500 5000
(%) (%) (%) (%) (%)
PP tra ciru
AGR 57.90 | 58.40 | 59.30 | 60.70 61.38
EMR 67.70 | 67.40 | 67.20 | 66.70 68.10
SGR 68.10 | 68.40 | 68.20 | 67.50 68.42
EMR-(lvdc-FCM) 7130 | 7190 | 72.60 | 72.60 73.10

PL8: Tinh toan song song dwa trén CUDA-GPU
CUDA (Compute Unified Device Architecture - kién tric thiét bi tinh toan

hop nhat) [128] 14 kién tr(c mai bao gom ca phan cting va phan mém dé phat
trién va quan Iy viéc tinh toan trén GPU [129].

So véi CPU, viéc truy cap b nhé tro thanh yéu té quyét dinh trén GPU
[82, 130]. Truy cap bo nhé chung trén GPU c6 thé duoc thuc hién bai tat ca
cac tién trinh (thread) trong cling mot khdi voi @6 tré thap. Trong mé hinh 1ap
trinh CUDA, dit liéu truyén tai 1én GPU duéi dang mot ham hat nhan (kernel).
Mot phién ban logic ctia hat nhan dugc goi la mot tién trinh (thread). Céc tién
trinh dugc nhdm lai thanh cac khéi. V& mat vat ly, tat ca cac tién trinh trong
mot khéi déu nam trén ciing mot SMs (Streaming Multiprocessors- cac khdi xu
ly trong GPU). Hinh PL 8 md ta phan cap tién trinh tinh toan song song dua
trén CUDA-GPU.

GPU Grid

Block (0. 0) Block (1. 0)

] ]

Thread (0, 0) Thread (1, 0) Thread (0, 0) Thread (1, 0)

U

f
|
;
;
;

8
Y
i
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Hinh PL8. Phan cip luéng CUDA-GPU [123]

Trong so do trén, nhitng phan tinh toan tuan tu chay ¢ host (CPU), nhitng
phan tinh toan song song (mtc d6 16n) chay & device (GPU).
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Ham hat nhan (kernel) duoc thuc thi song song & device béi rat nhiéu tién
trinh (thread). CAc tién trinh nay duogc té chuc thanh 2 cap: ludi tién trinh (grid)
gom cac khdi tién trinh (block) co cung kich thudc, khdi gom cac nhiéu tién trinh.
MOi tién trinh déu c6 cac thanh ghi (registers) va bd nhé riéng (local memory) dé
tinh todn va thyc thi. Ngoai ra trong mdi khdi déu c6 mot bo nhé chia sé (shared
memory), cac tién trinh cua khdi déu dung chung duoc bo nhé ndy va ¢ thé chia
sé dir liéu vai nhau qua bo nhé ndy. Mai mét ludi tién trinh cd mot bo nha toan
cuc (global memory), cac tién trinh cua cac khdi cd thé doc ghi trén bo nha nay,
ngoai ra ludi tién trinh con ¢d hai bo nhé ma cac tién trinh chi duoc doc I constant
memory va texture memory.

Tt host, d& nh device tinh toan song song, host can goi ham cap phap bo
nhé & device, copy dir lidu can thiét sang cac ving nhé o device, sau d6 host
goi ham hat nhan (kernel), sau khi device thuc thi xong host copy két qua tur
device vé va goi ham giai phong bo nhé ¢ device.



