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TOM TAT

Phan lép dnh [ mét bai todn quan trong va ¢ nhiéu img dung trong linh vue thi gidc mdy
tinh. Bai todn nay da va dang dwoc rdt nhiéu nhd nghién ciru trong va ngodi nude quan tim.
Nghién Cuiu néy dé xudt mé hinh da tang cho phdn lép danh t6 hop nhiéu dic trung. M6 hinh da
tang dé xuat gom: tang phan 16p don, module chuyén déi, va tang tich hop. Mé hinh ndy c6 thé dp
dung cho t6 hop ddic trung thu cong va dac trung tu dong

Viéc so sanh két qua thue nghiém ciia mé hinh dé xudt véi cac mé hinh da c6 duoc thiee hién
trén bai toan thuc 1é cho phat hién quang cdo va phét hién bat thuong trong anh X-ray phoi. Keét
qud thir nghiém cho thay tinh kha thi ciia mé hinh d@é xudt.

Tir khéa: phan [6p anh, to hop da dac trung, dic trung tu dong, dac trung thu cong.
ABSTRACT

Image Classification Based On Multiple Feature Combination

Image classification is a significant problem with many applications in the field of computer
vision. This problem has been receiving much attention from both domestic and foreign
researchers. This paper proposes the multi-layered model for image classification based on
multiple features. The proposed multi-layered model includes: Single Layer, Transform Modular,
and Integral layers. The proposed model can be applied to hand-crafted features and learning
features.

Comparison of the experimental results of the proposed model with the existing models was
made on the practical problem for detecting advertisements and detecting abnormalities in lung X-
ray images. The experimental results show the feasibility of the proposed model.

Keywords: Image classification, multiple features, hand-crafted features, learning features.

1. Giéi thi¢u

Bai toan phén 16p anh 1a linh vyc nghién ctru dugc sy quan tdm cta cac nha khoa hoc
trong va ngoai nudc. Day 1a bai toan quan trong co nhidu tmg dung trong trong thi giac
méy tinh. Cac hudng tiép can phd bién hién nay cho viéc giai quyét bai toan phan 16p anh
la: sit dung KNN va K-Mean véi cac @ do khac nhau, sir dung Support Vector Machine
(SVM) va mang Noron nhan tao (ANN), hay dung c&c m6 hinh hoc sau nhu CNN, AlexNet,
VGG, Google Inception...

Bai toan phan I6p anh c6 thé xem 12 bai toan tim mot anh xa tir khong gian biéu dién
anh vao mot trong L 16p cho trude. Trong giai doan phan 16p, Convolutional Neural
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Network (CNNs) [1] thuong ding cua trong cac hé thong xir li anh 16n nhu Facebook,
Google hay Amazon. Ngoai ra, c6 mot sb mo hinh két hop nhiéu bo phan 16p nhim nang
cao chinh xac.

Bai toan phéan l6p anh vao L lop cho trudc: Cho khong gian anh T = {li},vai |i €
MwxH(RP). Trong d6, Mwxx(RP) 1a khong gian ma tran véi kich thuéc W x H caa anh. Mai
phan tir cia ma tran la gia tri mau thuéc RD, néu dung khdng gian RGB thi D = 3. Cho
khong gian dic trung F = {Fi} v6i Fi € R" . Trong d6, n 1a s6 chiéu cia vector dic trung.
Cho khong gian két qua @ = {O;} vai O; € [0, 1]".

Anh xa trich chon dic trung: e (laauvao): 1 > F.

Anh xa phan 16p: h(Fi): F 2 Q.

Phan I6p anh 14 viéc x4c dinh anh dau vao thudc 16p ndo mot cach chinh xac nhit,
nghia 13 cin x4c dinh 4nh xa e va h thich hop. Cac tham s cua e va h duoc xac dinh thong
qua qué trinh huan luyén nham t&i vu ham 15i trén tap huan luyén.

Trong pham vi nghién ciru nay, nhom dé xuat mo hinh phan I6p da ting t6 hop nhicu
dic trung ciia anh dau vao. M6 hinh phan anh dwoc mbi quan hé giira cac dic trung thay vi
chi ghép nhiéu vector dic trung voi nhau. Ngoai ra, md hinh can co tinh uyén chuyén cao
dé c6 kha ning ap dung vao nhiéu bai toan phan I6p anh trong thyc té. Dong thoi, 4p dung
cho ca dic trung thu cong ciing nhu dic trung tu dong cua anh dau vao. Trong d6, khai
niém dac trung thi cong va dac trung ty dong dugc xac dinh nhu sau:

Khai niém 1: (Pdac trung thu cong) [2], [3]

Dac trung thu cong (handcrafted/engineered features) la cac dac trung dugc tao ra
dwa trén co sO quan sat cac ddc thl riéng caa anh. C6 nhiéu Ki thuat xay dung dic trung thi
cong nhu: LBP, SIFT, BoW, VLAT...

Khai niém 2: (Pdac trung tw dong) [3], [4]

Ddc trung tw dong (auto-encoders/non-handcrafted/deep/learned features) 1a dac
trung dugc xay dung tir tap dit liéu anh cho trudce. Ki thuat hoc tir tap dir liéu huén luyén sé
tao ra cac dac trung nay.

2. Phan Iép anh dua trén té hop da dic trung

Vao nam 2011, Mohammadmehdi Bozorgi, Mohd Aizaini Maarof, and Lee Zhi Sam
dé xuat bo phan 16p 2 ting trén cac dic trung cap thap va thir nghiém cho phéan 16p anh
nguoi 16n [5]. Tang phan 16p 1 gdm 2 b phan 16p: SVM va AdaBoost. Céc dic trung ding
lam dau vao cua tang nay la cic dic trung CLD, SCD, EHD. Két qua phan 16p cua ting
phan 16p 1 s& dugc tong hop theo trong sso61. Viée sir dung mo hinh 2 ting phan 16p gitp
cho hé thong dat do chinh xac cao dén 91,9%. Két qua nghién ctru ndy cho thiy khi két
hop nhiéu bo phan 16p s& gitp nang cao do chinh X4c.

Theo hudng tiép can t6 hop da dic trung, mdi anh dau vao s& dugc biéu dién thanh
nhiéu vector dic trung (mdi dic trung biéu dién cho mot goc nhin vé burc anh) thay vi chi dai
dién bai mot vector déc trung. Trong do, khai niém don va da dac trung dugc hiéu nhu sau:

Khai niém 3: (Pon dac trung) [6]
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Pon dac trung dugc hiéu 18 mot vector dic trung biéu dién cho anh. Vector dic
trung ndy duoc tao ra tir mot ki thuat trich chon dic trung anh duy nhét.

Khai niém 4: (Pa dac trung) [7]

Pa dic trung (multiple features) 1a mot bo gdm nhiéu vector dic trung biéu dién cho
mot anh hay mot s6 anh con khic nhau ctia mot anh dau vao. Mdi vector dic trung cua bd
nay duogc tao ra tir mot Ki thuat trich chon riéng hoac 1a vector dai dién cho mot anh con
cua anh dau vao.

Céc md hinh phan 16p t6 hop da dic trung s& gdm nhiéu bd phan 16p don cho cac
vector dic trung va bo tich hgp dé hop nhat cac két qua phan 16p don.

Tiép cin don diic trung Tiép cn da dic trung

T & g V |
Images Files
! [——

| SIFT Extraction

| SIFT Extraction

Lo L] g
CLD SCD EHD
Feature Vector 5 Codi i : P
Extraction Quantization P |
Al Jnge Clssfer
R
Spatial Pooling Spatial Pooling W
SVM Classifier AdaBoost Classifier |
¥ ¥ I
Classification Nonlinear Linear —l—*—l—‘—*—!
Classifier Classifier Layer2 Majority Base Classifier T
T
(8) Nonlinear SPM [b) Linear ScSPM !

Hinh 1. So sanh tiép cdn don va da dic trung trong phédn I6p anh [5], [8]

Céc hudng tiép can theo hudng da dic trung gom két hop som, két hop tré, mo hinh
nhiéu tang (Hybrid, Stacking, Ensembling, Fine-Tuning). Cac hudng tiép can nay thuong
gap phai cac thach thirc nhu: chi phi phan 16p 16n, két hop nhiéu dic trung nhu thé ndo va
khai thac méi quan hé giita cac dic trung, va han ché trong kha ning tng dung thuc tién.

Bai toan phan 16p anh t6 hop m dic trung vao L 16p cho trude:

0 Dau vao: Ma tran biéu dién anh I trong khong gian anh I = {Ii},véi |; € Mwxn(RP)
0 Dau ra: Vector L chidu O = (01, Oy, ..., O,) € [0,1]"
o Xuli:

> Rit trich ddc trung: e (I): I = F gébm m phép chiéu.

pri: F1 = ea(li)

pr2: F2 = ex(li)

prm: Fm = em(li)

> Phan 16p don: h*(Fi): F > © 1a ham vector gdm m ham thanh phan.
h*:0L1=h *1(F1)

h *3: OL2 = h *5(F2)

h*n:OLm=h *m(Fm)
> Hop nhat két qua: h ** 0 h *(F1, F2, ..., Fm)
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Thuat gidi 1: Phan 16p anh theo m dac trung vao L 16p cho trude

PAu vao: Ma tran biéu dién anh lgiu vio, (ma tran c6 kich thusc W x H, méi ph?m tr ma tran
thudc RP)

Piéu ra: Két luan anh thudc 1 trong L 16p cho trude

Xir li:

1. Rt trich dic trung: e (lsiuvo): 7 > F gdm m phép chiéu

pri: F1 = e1(ldau vao)

pr2: F2 = e2(ldau vao)

Prm: Fm = em(ldiu vao)
2. PhanIép don: anh xa h™: F 2 @1a ham vector gdm m ham thanh phan
h 1*: OL1 =h 1*(F1)
hz*: OL2 = hz*(Fz)

hw*: OLm = hmn*(Fm)

Trong d6, OLi 1a vector d6 thudc vao L 16p dinh nghia trude, vai i=1..m.

3. Hop nhit két qua:anh xa hop h ** 0 h *(F1, F5, ..., Fm). Ta duoc vector do thudc L chiéu
O= (01, Oy, ..., OL) € [0,1]"

4. Két luan anh thudc 1 trong L 16p d4 dinh nghia dyua vao gié tri d6 thudc 16n nhit cua O =
(01, 02, ey O|_)

3. M@ hinh phan Iép anh duya trén to6 hop nhiéu dic trung
3.1. Kién trac ciia md hinh da tang

Qua trinh phan I6p anh dua trén m vector dac trung (sir dung m Ki thuat trich chon
dic trung anh khac nhau) vao L I6p dinh nghia trude (L tly Vao y8u ciu cua cc bai toén
cu thé trong thyuc t&) nhu sau:

Khong gian dic trung Anh xa phén lép Khéng gian do thude Két luan thude mét
trong L l&p cho trudc

Vector

A v
Ratwich’  PacTrung Fy
déctring
pry

w Rut trich Vector

dact ;
“WL“’"E. Dac Trung F,
2

Rt trich
déc trung

Pl 4

B phan lop
anh CL;

L

Két luan don:
oL, € [0.1]-

BO phan lop o L
B Két luan don: |
anh CL, - Hep nhat két ludn

oL, € [0,1]

Vector
béc Trung F,

B phén ldp

g Két luan don:
anh CL,,

oL, €[0,1]--

Hinh 2. Phan I6p dnh m vector dac trung vao L l6p cho trudc
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Kién triic mo hinh da tang dé xuat:

o Tﬁng phan 16p don: Pua ra két luan (vector do thudc) phan 16p cuc bo dua trén tung
vector dic trung cua anh dau vao.

0 Module chuyén d6i: Tim méi twong quan giita cdc b phéan 16p don. Module chuyén
dbi thue hién 2 budc tinh toan:

(i) X&c suat hoa vector do thudc;

(i) Ap dung bo hé sé tuong quan theo Gauss dé bién doi két qua dau ra cia ting
phan 16p don nham phan 4nh mdi twong quan anh hudng qua lai cua tat ca cac dau ra cia
tang phan 16p don v6i nhau.

0 Tang tich hop: Lién két két luan ctia cac bd phan 16p don va hop nhét két qua.

Tang Phan Lép Bon Tang Tich Hop
Khéng gian Anh xa Khéng gian Két luan
déc trung phan lép dé thuéc thuéc mét trong

L 1&p cho trudc

4
K§ thuat Vector ‘ B phén 16p KA .
wich e Trung F anh CL Két luan don:
chon dic| 1 l 1 oL, e[0,1]
trung | .

pry

K thuat!  Vector ! Bé}’:“é" 16p Két luan don:
hnh —honae Dic Trung F, ‘ anh CL, oL, € [0,1]-
trung .

trich
ey

Ky thugt | ‘ 6 phan 16

trich L Vector I Bo’phan 16p K&t luan don:
chon dic Ddc Trung F,, ‘ anh CL, oL, € [0,1]-
trung X

P

Hinh 3. Kién triic mé hinh da tang cho phdn 16p anh da dic trung

Thuat giai 2: Phan [6p anh t6 hop nhiéu dic trung

Piu vao: Anh diu vao

Piu ra: Két luan thudc mot trong L 16p cho trudce

Xir l1i:

Tién xir Ii: Chuan héa kich thudc anh va khir nhidu.

1. Rut trich m vector dac trung: (F1, Fo, ..., Fm)

2. Tang phén 16p don: Phan 16p theo timg vector dic trung boi.

Duyét qua m bo phéan 16p (CL1, CL, ..., CLy) tinh d6 thudce vao L I6p cho trudc ciia anh dau
vao.

CLiZ Fi > OLi , i=1..m.

Cudi duyat

3. Module chuyén dbi: Bién d6i m két qua ciia ting phan 16p don theo hé s twong quan
Bién d6i ma tran d6 thudc ciia m bd phan 16p don mOL

mOL1
moL= "l2 | veii=1..m
mOL ,
Trong d6, s6 dong m = s6 vector dic trung, s6 cot L = s6 16p
mOL - mOL”’

4. Tang tich hop: Hop nhit m két qua cta cac bo phan 16p don sau khi qua module chuyén d6i
mOL’ > 0 €0, 1]
5. Két luan thudc 1 trong L 16p dua vao d¢ thude 16n nhét
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3.2. Tang phan lép don
Tang phan 16p don gdm m bd phan 16p don CLi, i=1..m. M&i bd phan 16p don cho ra
mot két luan vé d6 thudc vao L 16p cua anh dau vao dya theo vector dic trung tuong Gmg
da dugec rat trich.
Tang Phan Lép Pon

Khéng gian dac trung Anh xa phan I&p Khéng gian dd thudc
Dic Trung . o cl, | [ & luan don
Dic Trumg £, o cly [ & uin don

Vector BS phan I&p

Ké&t luan don:

Péc Trung F,,, anh CL,, oL, € [0,1]"

Hinh 4. Kién tric tang phén 16p don ciia mé hinh da tang

Hinh trén thé hién ciu tric ciia ting phan 16p don ctia mé hinh phan 16p da tang.
Tang phan 16p don gdm m bd phan 16p = m vector dic trung cta anh dau vao. Cac dic
trung cta anh dau vao 1a két qua chiéu anh dau vao xubng cac khong gian khac nhau. Céac
bo phan 16p cua tang phan 16p don s& anh xa m vector dic trung nay cing mot khong gian
do thugc L chiéu.

3.3.  Module chuyéndai

Module chuyén d6i: Tim méi twong quan giita dau ra ciia m bd phan 16p don. DPau ra
ctiia mdi bo phan 16p don 13 mot vector do thudc vao L 16p da dinh nghia trude. Vi vay, dau
ra ciia mdi bd phan 16p don 1a vector d6 thudc L chiéu. Nhu vay, module chuyén ddi sé
bién d6i ma tran m x L gdm m dong L cot (tit ca cac dau ra cia ting phan 16p don) thanh
mot ma tran m x L méi dya theo mdi twong quan cia cac ddu ra thay vi chuyén thing cac
dau ra cia ting phan 16p don vao tang tich hop dé hop nhat két qua phén 16p.

Thuat giai 3: Chuyén déi dau ra ciia m bo phan 16p don

Péu vao: Ma tran do thuoc mOL™ gom m dong L cot, mdi dong mOLi € [0,1]F véii=1..m
Péu ra: Ma tran phan anh sy trong quan cta cac du ra cua tang phan 16p don mOL™ gom
m dong L cot, mdi dong mOL’i€ [0, 1] véii=1..m

X li:
1. Chuin hoa vector d thudc thanh vector xac suat
2. Chuyén d6i ma tran dau ra bang hé sb tuong quan dia theo phan phéi Gauss
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mOLM1!
mOL,;, mOL,,,... , mOL,;
mOL,;, mOL;,,... , mOL,;

mOL,,;, mOL,,,... , mOL,;

(i) Chuin héa vector daé
thudc = vector xac suat

(ii) Bién ddi ma trin diu ra
dung hé sé twong quan

mOL!
mOL’,;, mOL’,,,... , mOL”,;
mOL’,;, mOL’,,,... , mOL’,

mOL’,,, mOL’ ,,... , mOL’

Hinh 5. Module chuyén déi ciia mé hinh da tang
Chuén hoa vector do thudc cuia timg dau ra thanh vector Xac suat twong tng nham
xac dinh tdm quan trong cta timg dau ra ctia cac bo phan 16p don. Vi c6 m vector do thude
dau ra nén ta s& c6 mot ma tran do thudc gdm m dong L ¢t img véi m bd phan 16p don
cta m vector dic trung ciia anh dau vao, va L 16p can phan loai.
Burée 1. Chuén hoa vector do thude thanh vector xac suét

Thuat giai 4: Chuin hoa vector do thudc ciia timg dau ra thanh vector xac suat
PAu vao: Ma tran vector do thudc

m0L1

mort = [MOLz

weii=1..m
mOL ,

Trong d6, mOL; 1a vector d6 thudc L chiéu.

Piéu ra: Cp nhat d6 thudc thanh xac suit

m0L1
moL® = |MO0L2 | yeii=1.m
mOL ,
Trong d6, mOL 1a vector Xac suat L chiéu.

X li:
For i = 1 to m do //m bo phéan 16p don = s vector dic trung
For j=1to L //L s6 16p = s niit d4u ra ctia vector d6 thudc

[2] — ij
moL; = —————

End For //j
End For //i
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Buée 2. Chuyén d6i ma trén dau ra bang hé sb twong quan dya theo phan phdi Gauss.
Bién d6i ma tran vector xac suat dung hé sé twong quan vé vi tri:

m L
2l - - ig- o

mOL,; = max(max(w{p- i,q- j]l.mOL7), 1)

trong do,p=1..m,q=1..L

Trong d6, hé s6 w[p-i,q-j] 12 trong s6 lién két phan tir dau vao thir (i,j) mOL[i}] phan tir
déu ra tht (p,q) mOLY. Hé sé w dugc xac dinh nhu sau:

wlK]= exp(-B*(I*+k?) )

Hé sé twong quan giira cac bd phan 16p don va bién d6i ma tran dau ra w: Tuong
quan vé vi tri theo dang Gauss.

mOL!!
mOLy;, mOL;;, mOLy;... , mOL;y

4
mOLE mOLE mOL,, ..., mOL,,

mOL,,, mOL,y, mOLy, ..., mOLy

A &
L3 "

mOL,,, mOL_,, mOL ... ,mOL_;

Hinh 6. Hé s6 twong quan dwa trén phan phoi Gauss

Nhu vay, qua trinh xtr Ii ctia module chuyén d6i gdm 2 budc:

(i) Chuan hoa vector dau ra nhdm phan anh tdm quan trong giita cic déu ra trong cling
Mot bo phan 16p don.

(i) Bién d6i ma tran dau ra dung hé s6 tuong quan. Dit liéu dau ra sau khi chuan hoa
theo phan bé tap trung vé dang vector xac suat thudc [0,1] nén hé sé twong quan theo dang
Gauss 1a phi hop. B hé s nay phan anh tim anh hudng cia tat ca du ra cta tat ca cac bo
phan 16p dén 1 vi tri dau ra cu thé. Nang lwong anh hudng = tuong quan vi tri * gia tri, sau
d6 dung ham ldy max dé giit cac gia tri 16n va triét tiéu cac gia tri bé.

3.4. Tang tich hep

Tang tich hop 1& bo phan 16p véi dau vao 1a cac két luan phan 16p ciia ting trude sau
khi qua module chuyén doi (¢é phan anh mdi twong quan ciia cac dic trung). Dau ra cia
tang tich hop 1a két qua phan 16p cudi ciing (hop nhat m két luan phan 16p don). Nhu vay,
dau ra cua tang tich hop sé 1a vector do thudc L chiéu. Sau do, dya trén gia tri 16n nhat vé
d6 thudc dé két luan anh dau vao thude vao 1 trong L 16p nao cho trude.
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M0 hinh da ting s& hop nhit & mirc quyét dinh (cac két qua phan 16p don) thay vi
hop nhit & muc dic trung. Tang tich hop hop nhat két qua ciia m bd phéan 16p don dé cho
ra két luan phéan 16p cudi cling theo céch tiép can két hop tré. Tang tich hop dong vai trd
xac dinh tim quan trong cua timg két luan cta cac bo phan 16p don thay vi hop nhat theo
dang trung binh (danh déng tim quan trong ciia cic bd phan 16p don) hay hop nhét theo
dang da s6 (két luan cubi s& tudn theo s6 dong).

Tang Tich Hop

Khoéng gian
doé thudc

Két luan don:

oL, € [0,1]- mOl;; mOL ;... mOL,,

mOL’5; mMOL'5,....mOL,.

:S;; Két luan
K& - thudc mot trong
Et, . L 1&p cho trudc dua
""" qua do vao gid tri Ién nhat

Két luan don:
oL, € [0.1]"

Két luan don:
oL, € [0

B6 tich hop két hop muon sé ting tinh uyén chuyén va kha ning ap dung trong nhidu
ngit canh thue té vi tim quan trong cua cac két luan cta cac bd phan 16p don s& xac dinh
thy theo dir liéu.

4. M@t sb ing dung ciia mé hinh phan I6p anh da ting
4.1. M0 hinh da ting cho bai toan phat hién quding cdo (Multi-CNN)

Viéc kiém tra sy xuit hién ciia quang céo trén trang web hay video nham kiém tra
tinh chinh xac cua thoi gian hién thi quang céo co ding véi thoa thuan cua cac bén. Cy thé
day 1a nhu cau cua 2 bén:

(i) Nha cung cap dich vu quang céo: Tra tién dé gin quang céo trén cac trang web hay
video ¢6 nhiéu nguoi xem. Vi du Adword (Google), Inmobi, Facebook.

(i) Nha cung cip noi dung sd cho phép cac nha cung cip dich vu quang cao hién thi
quang cao. Vi du vnexpress.net, hdonline.vn...

Bai toan phét hién anh quang cao 1a bai toan phan 16p anh nhi phan hai 16p: C6 xuat
hién quang cao (16p YES) va khong xuét hién quang cao (16p NO). Cac thuc nghiém phat
hién anh quang cao trén hai bo dit liéu thyc té cho thy cac két qua thu vi cia mé hinh dé
Xuét cho phén 16p anh nhi phan dé phat hién quang céo.

Bo dit liéu 1: Thu thap tir trang Web ciia TWC ¢6 try s& tai Hoa Ki do dy an phan
mém thuc té cung cép. Dir li€u anh dugc thu thap tir dy an thyuc té cua trang TWC News tai
Hoa Ki dya trén nhiéu trinh duyét khac nhau (Chrome, FireFox, IE) chay trén nhiéu nén
tang khac hé diéu hanh khac nhau (Windows, Linux, MacOS) c6 téng dung luong la
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9.49 GB, duoc thu thap tir thing 6/2016 dén thang 10/2016.

Bo di liu 2: Bo dit liéu ndi dia trong thi truong Viét Nam. B dir liéu dugc thu thap
tir trang Web Béo Tién Phong dién tir v&i s6 lugng 2000 hinh ¢6 dién tich toan trang Web,
quang céo co thé xuit hién & bén goc phai cua trang bao dién tir do don vi thir 3 cung cip
nhu Google Adword, Facebook, rubiconproject.

M0 hinh da tang dung cho bai toan phét hién quang cdo gdm bén bo phéan 16p CNN
va mot bo tich hop (xem Hinh 8).

Tang phan 16p don dung bén b phan 16p CNN1, CNN2, CNNs, CNNa, dé xtr i cac
dau vao twong tng cho anh todn bo, anh phan trén, anh phan bén phai va anh phan dudi
caa trang web. Bon bd phan 16p don CNN dung céc tang tich chap véi ting Pooling...
dé tu dong xdy dung dic trung cua phan anh dau vao tuong ung. Tang softmax cia cic
bo phan I6p don CNN cho ra bdn két luan phan 16p cua tang phan 16p don (két luan do
thudc vao I6p c¢o6 quang cao, 16p YES, hay 16p khong cd quang cdo, 16p NO). Sau do,
tang tich hop hop nhat bon két luan cua tang phan 16p don cho ra két luan phan 16p cudi
cung cia mo6 hinh Multi-CNN.

L —
FullScreen |
/ Anh phan —N
i ' trén ' V
Anh /
chup
trang Bo
Web tich
, X CNN
\ Anhphan | — N 3 hop
\ bén phai [—l/
Anh phan
dudi

Hinh 8. M6 hinh Multi-CNN cho phét hi¢n qudng cao

Két qua thir nghiém mo hinh Multi-CNN trén hai bo dir liéu: Bo dit liéu mot thu thap
tir trang WEB ciia TWC va bo dir liéu hai thu thap tir trang Web ctia trong nudc cho thay
to hop nhiéu dic trung tu dong s€ nang cao do chinh xac phan 16p.
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Ngoai ra, néu ding mot CNN két qua s& cao thap tly bo dit liéu. Vi du, b phan 16p
CNN4 cho két qua cao v6i bo dir liéu 2 nhung cho két qua thap véi bo dir lidu 1. M6 hinh da
ting Multi-CNN t6 hop céc dic trung ty dong cho két qua cao hon cac md hinh chi st dung
mot CNN. Hon nita, md hinh dé xuat t6 hop nhiéu dic trung nén cho két qua it thay doi véi ca
hai bg dir liéu 90,28% cho bo dit liéu 2 va 90,42% cho bo dir liéu 1 (xem Hinh 9).

Phat hién quang cao dung Multi-CNN

2 100,00 88,56 88,14 20,42
, , 90,28

«_f 90,00 s493 79,61 80,80

= 82,61 79,32 79,09

E 80,00 :

< 70,00 ] = O

= CNNI1 CNN2 CNN3 CNN4 Multi-CNN

BBO6 dit licu 2 ®™B6 dir ligu 1

Hinh 9. Két quda phat hién qudng cdo ding Multi-CNN
4.2. M6 hinh da ting cho bai toan phét hién bt thwong trong dnh X-ray phoi
(Multi-CNN)
Tuong ty, mo hinh da ting véi ba bo phan 16p CNN cho phat hién bat thuong dam do
(hd trg chan doan ung thu) cho anh y khoa phdi [29] gdm ba bd phan 16p CNN (CNN12sr,
CNNear, va CNN 64R) va mot bo tich hop dé hop ba két luan cua ba bo phan 16p CNN.

Anh X-rav
Anh 2 la Anh Anh
hoi phan phan

phoi trai phdi ihéi

, l

CNN CNNeaL CNNs

128 0 AP AN

Tich hon |
R
~ Két qua phan lsp
bat thuong/binh thuong
Hinh 10. M& hinh da tang cho phdn 16p dnh X-ray phéi
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B6 phan 16p CNN12gr xac dinh c6 hay khong bat thudng trong anh X-ray (kich thudc
128x128) dya trén toan bo anh X-ray phoi. Bo phan 16p CNNea xac dinh c6 hay khong bat
thuong trong anh X-ray dua trén ving anh X-ray 4 phoi trai. CNNesr xac dinh c6 hay
khong bat thuong trong anh X-ray dwa trén viing anh X-ray 14 phdi phai. B¢ tich hop nhét
ba két luan cho ra két luan cubi ciing: Anh X-ray dau vao thudc 16p ndo trong hai 16p, cé
bit thudng trong anh X-ray phoi (16p YES) hay khong cd bat thudng trong anh X-ray phoi
(I6p NO) (xem Hinh 10).

M0 hinh @& xuat, md hinh ding mot bo phan 16p CNN truyén thong va md hinh hop
nhat theo trung binh ding ba bo phan 16p CNN cung duoc thir nghiém trén tap 400 anh
X-ray ciia Bénh vién An Binh, Thanh phé H5 Chi Minh. Trong d6, 200 anh dung dé huan
luyén va 200 anh dé kiém tra. DBé chi ra cu thé két qua phan 16p, 16p nao dugc phan 16p
chinh xac, va dir liéu thudc 16p nao thudng bi phan 16p sai, nghién ciru sir dung két qua ma
tran confusion dé so sanh. C4c gia tri 1on trén cac 6 dudng chéo chinh ctia ma trin
confusion cho kha ning tach 16p tot ciia ca bén mé hinh: md hinh dé xuat Multi-CNN, md
hinh ding mot bo phan 16p CNN truyén thong, mé hinh hop nhat trung binh
(xem Hinh 11).

M3 hinh diing mét b phan 16p CNN

M6 hinh hap nhéat trung binh

10

Bat thudng Bat thuing

Nhan diing

Nhén ding

Binh thutng 03 Binh thuing

Nhan dy doan

Nhan dy doan

Mé hinh dé xuat

M& hinh dé xuat khang module chuyén ddi

BAt thuting Bat thuong

Nhan ding
Nhan diing

Binh thuong Binh thusng

Nhan du doan

Hinh 11. So sanh két qua phan 1ép giiza cac mo hinh khac nhau
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Thong ké d6 chinh xac trong phat hién bt thuong anh X-ray phdi nhdm hd trg chan
doan ung thu (46 chinh x4c phan 16p nhi phan: C6 bat thuong hay binh thuong) giita cac
md hinh cho thiy hiéu qua ciia mé hinh dé xuat. Viéc hop nhat nhiéu dic trung theo trung
binh 4 gilp nang cao d6 chinh xac trong phan 16p anh X-ray phdi so vai chi dya vao mot
dic trung. M6 hinh da ting t6 hop nhidu dic trung ciing ch két qua tot hon so v&i cac hop
nhat trung binh (xem Hinh 12).

Nhin chung, mé hinh ding nhiéu bo phan 16p (mé hinh d& xuit co/khéng module
chuyén d6i va md hinh hop nhit theo trung binh) gilp nang cao do chinh xéac so vdi chi
ding mot bo phan 16p. M6 hinh hop nhét trung binh gip nhiéu 15i khi nhéan sai tir bat
thuong thanh binh thuong, trong khi cac chuyén gia y khoa mong muén ti 1 nhim 13n nay
la thap nhét co thé va cd thé chdp nhan ti 1¢ sai sot nho tir binh thudng thanh bat thuong.
M0 hinh dé xuét sir dung b tich hop hoc may gitp danh trong s6 tim quan trong cua ting
bo phan 16p don phi hop véi tap dir liéu theo timg ngir canh cu thé. Vi vay, gitup ting do
chinh xac phan I6p so voi viéc danh dong tAm quan trong cua cac bd phan 16p don theo
céch hop nhit trung binh.

Phat hién bat thuong trong anh X-ray phdi

M6 hinh CNN M6 hinh hgp M& hinh Multi- M6 hinh Multi-
nhat trung binh  CNN khoéng CNN
module chuyén
ddi

5 chinh xac
CLLL _Coe0
Lo ioloio
ORR RN NGO

Hinh 12. Két qua thir nghiém phat hién bat thwong trong anh X-ray phéi

Ngoai ra, thir nghiém mé hinh dé xuét véi viéc c6 hay khong str dung module chuyén
d6i cho thiy rang module chuyén d6i gitip ning d6 chinh xac phan 16p vi phan anh mdi
quan hé gitra cac dau ra cua cac bd phan 16p don.
5.  Kétluin

Dbi v6i ting 16p bai toan cu thé can phai chon loai dic trung thich hop vi mbi loai
dic trung ¢6 vu va khuyét diém riéng. Néu nhu cac dic trung toan cuc gitip danh gia tong
thé vé birc anh, mdi twong quan giita cac ddi twong trong anh, thi cac dic trung cuc bd
cung cap cac dic trung cu thé cia timg ving hay timg ddi tugng trong anh. Ngoai thach
thirc vé viéc lya chon va trich chon dic trung phu hop véi loai anh thi viéc quyét dinh bo
phan 16p ph hop ciing hét sitc quan trong. Vi mdi bd phan 16p ¢6 nhirng diém manh diém
yéu khac nhau, c6 bo phan 16p thi dat d6 chinh xac cao nhung doi hoi thoi gian va bo dit
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liéu hudn luyén 16n. Do do, tlly vao yéu cau thyc té cia tng dung can lwa chon bo phén 16p
va déc trung phu hop.

Nghién ctru d& xuat mo hinh phan I6p da tang nham giai quyét thach thirc ctia hé
thong phan 16p anh theo da dic trung c6 kién tric mo hinh uyén chuyén, bao gom:

0 Tang phan 16p don (tang 1);

0 Module chuyén d6i: Tim méi tuong quan (lién hé) giira cac bo phan 16p don;

0 Tang tich hop: Lién két cac bo phan 16p don va hop nhét két qua.

M6 hinh phan 16p theo da dic trung phan dnh nhiéu goc nhin, nhin cach phan tich vé
cling mot d6i twong nén gitip ting hiéu qua phan 16p. Mdi anh dau vao s& dugc biéu dién
boi nhiéu ddc trung tng v6i nhiéu hé quy chiéu khac nhau nén phan anh diy du da dang
thdng tin vé d6i tuong trong anh. Vi dy, cung 1a ddi twong giang vién A khi trén buc giang
s& cAn mot vector biéu dién dic trung khac (mot hé quy chiéu khac) khi ciing d6i tuong ay
ngoi trong quan cafe. Twong tw, phan tich bang dic trung SIFT mot anh déu vao s& cho cac
gié tri bt bién v4i cac phép bién doi ti I8, tinh tién, phép quay, hay it thay dbi véi do sang.
Trong khi, néu phan tich bang PCA s& cho ta cac dic trung thanh phan chinh ciia 4anh dau
vao dua trén théng ké tap dit liéu huén luyén.

Ngoai ra, viéc sit dung nhiéu vector dic trung s& giam anh hudng cua dir liéu nhidu.
Néu mot vector dic trung trich chon khong dat yéu cau thi cac vector dic trung con lai s&
gilp cung cap thong tin cho viéc phéan 16p chinh xac va tin cay.

% Tuyén bé vé quyén loi: CAc tac gid xac nhén hoan toan khéng c6 xung dét vé quyén loi.
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