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LOI CAM ON
Trong qua trinh lam dd 4n vira qua vi dugc sy chi dan nhiét tinh ctia thﬁy
TS. Ng6 Truong Giang — Truong Dai hoc Quan 1y va Cong nghé Hai Phong,
em d4 hoan thanh d6 an ctia minh. Mic du em di cd géng vO1 su tan tam cua
thay, nhung vi thoi gian va kha ning nén d6 an ctia em van con khong tranh

dugc nhitng diéu thiéu sot.

Em xin chan thanh va bay t6 long biét on sau sic dén thady Ngd Truong
Giang vi di tan tinh chi bao, hudéng dan va gianh thoi gian quy bau cua minh
cho em trong thoi gian qua dé em c6 thé hoan thanh d6 4n cia minh dtng thoi

han.

Em xin cam on tat ca thiy ¢ gido trong khoa Cong nghé thong tin vi da
truyén dat cho em rat nhiéu cac kién thirc nén tang, chuy@n nganh, chuyén man
va chuyén siu cuc ki vitng chic trong nhitng ndm qua dé em c6 thé hoan thanh
duoc db an nay.

Em xin cdm on Truong Pai hoc Quan ly va Cong nghé Hai Phong vi
khong ngimg hd tro va dio tao nhitng diéu kién t6t nhat trong nhitng nim vira
qua dé em c6 thé hoc va thuc hién tbt dd an.

Em xin cam on gia dinh, ban bé da hd trg va ¢ vii cho em trong sudt qué
trinh hoc tap cting nhu lam dd an dé em c6 thé hoan thanh khod hoc va do an

theo quy dinh.

Em xin chan thanh cam on !
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MO PAU
Phén doan ngit nghia (semantics segmentation) 1a bai toan gan nhan d6i
tugng cho timg diém anh va tir d6 c¢6 thé phan biét chinh x4c anh cua dbi tuong
can quan tdm so véi anh cia cac ddi tuong khac hodc anh nén. Muc tiéu 1a
phan tich mot anh thanh cac d6i twong co y nghia, dé may tinh d& dang hiéu

dugc céac thong tin chira trong anh.

CNN la tir viét tit cua cum Convolutional Neural Network hay 1a mang
no ron tich chap. Pay 1a mé hinh vé cung tién tién dugc ap dung nhiéu trong
linh vuc hoc sau Deep learning. Mang CNN cho phép nguoi dung xay dung
nhiing hé théng phéan loai va du doan vai @6 chinh xac cuc cao. Hién nay, mang
CNN duoc (ing dung nhiéu hon trong xur Iy anh, cu thé 1a nhan dién ddi tuong

trong anh.

Tich chap 1a mot khai niém trong xtr Iy tin hiéu sé nham bién ddi thong
tin dau vao thong qua mot phép tich chap véi bo loc dé tra vé dau ra 1a mot tin
hi¢u méi. Tin hi¢u nay s€ 1am gidm nhirng ddc trung ma bo loc khong quan tam

va chi gilt nhiing dac trung chinh.

Mang no ron tich chap ching rat hiru ich trong viéc phan loai hinh anh
vi chiing c6 thé trich xuat cac dac di€m lién quan tu hinh anh, diéu nay co loi
cho viéc phan loai va nhan dang hinh 4nh. Biéu mau méi dé xtr Iy hon ma khong

lam mat di cac dac di€ém quan trong dé€ dua ra du doan chinh xéac.

Cong nghé CNN c6 kha nang phat trién manh mé trong tuong lai. Pay la
Iy do em chon d¢é tai “Phan doan ngit nghia sir dung mang no ron tich chap ”
dé trién khai. D& tai nay s& tim hiéu mé hinh phan doan ngir nghia anh sir dung
kién tric mang no-ron tich chap sau véi cac k¥ thuat lién quan va img dung,
ndi dung cua dd 4n bao gom:

Chuong 1 : Tong quan vé phan loai anh

Chuong 2 : Mang no ron nhan chap

Chuong 3 : Ung dung CNN cho phan doan ngit nghia
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CHUONG 1 : TONG QUAN VE PHAN POAN ANH

1.1 Xir ly anh 1a gi

Xt 1y anh 13 qué trinh khac thd vi khi bién d6i hinh anh thong thuong
sang dang ki thuat sd, sau do6 tdn dung dé tao ra nhiing thong tin hiru ich. Dé
lam diéu nay, hé théng xur 1y anh thuong xem moi birc &nh nhu mot tin hi¢u 2D
va tién hanh céc phép bién dbi dya trén cac ky thuat da duoc xéac dinh trudec.
Con nguoi thu nhéan thong tin qua cac giac quan, trong do thi gidc dong vai tro
quan trong nhat. Nhitng nim trd lai day voi su phat trién ctia phan cimg may
tinh, xr Iy d&nh va dd hoa d6 phat trién mot cach manh mé va c6 nhiéu ung dung
trong cudc séng. Xt 1y anh va d6 hoa déng mot vai trd quan trong trong tuong
tac ngudi may. Qud trinh xtr Iy anh dugc xem nhu 12 qué trinh thao tac anh dau
vao nham cho ra két qua mong mudn. Két qua dau ra cia mot qua trinh xir 1y

anh c6 thé 1a mot anh “tot hon” hodc mét két luan.

Anh * t6t hon”
Anh|__ | Xulyanh <', Két ludn

Hinh 1.1 Quad trinh xtr Iy anh

Anh c6 thé xem 13 tip hop céc diém anh va mdi diém anh duge xem nhu

la dic trung cuong do sang hay mot ddu hiéu nao d6 tai mot vi tri nao do cia
ddi tuong trong khong gian va n6 co thé xem nhu mot ham n bién P(cl, c2,...,
cn). Do d6, anh trong xtr 1y anh ¢6 thé xem nhu anh n chiéu. So d6 tong quat

cua mot hé théng xtr Iy anh minh hoa nhu sau:

Hé quyét dinh

3

Thu nhan &nh N
(Scanner, Tign =i Iy
Camera,Sensor)

Trich chon Hau Boi sann nit
dic diém w0 I ra két ludn

4

Hinh 1.2 Cac budc co ban trong mot hé théng xir Iy anh
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1.2 Phan doan dnh

Phin doan anh ( hay con goi 1a phan ving anh, tiéng Anh Image
segmentation ) 1a qué trinh phan chia anh thanh cac ving hodc ddi tuong co
tinh cht thoa man mét tiéu chi xac dinh ( c6 su tuong déng vé murc xam, két
cdu, mau sic, v..v) Mirc do chi tiét ctia viée phan chia phu thudc vao tirng bai
toan can giai quyét. Phan doan anh 1a mot bai toan cin ban nhung ciing rat phirc
tap trong chudi xtr Iy va phan tich anh néi chung bdi sy da dang trong dinh
nghia ciling nhu tinh chét ciia viing hodc d6i twong quan tdm trong anh Thoi ky
dau cua thi gidc mdy tinh, cic giai thuat phan ving anh chua quan tdm nhiéu
dén ngir nghia va thuc thé dbi tuong can xem xét. Trong thoi gian gan day,
phan ving anh hudng dén phén tach anh thanh cic ving, mdi ving c6 thé chia
mot dbi tuong hodc cac thuc thé ctia mot 16p ddi tuong nao do. Ba bai toan

thuong gap trong qua trinh phan vang anh do la:
_ Phdt hién déi tiong: tim bao déng chira cac dbi tuong quan tam (vd. con
nguoi).
_ Phdn ving ngit nghia (semantic segmentation): phan chia cac diém anh
vao cac 16p khac nhau. Cac ddi tuong cing mét 16p s& thude cing mot

vung (vd. moi nguoi trong anh thugc mot vung).

_ Phdn ving thuc thé (instance segmentation): phan chia cac diém anh vao
cac 10p nhung cac ddi tuong cua cung mot 16p thi o nhan khac nhau. Nhu
vay mdi thyc thé cua mot 16p dbi tuong s€ dugc xac dinh 1a mdt vung

riéng biét (vd. mdi ngudi trong dnh 1 mot ving).

Phén ving anh 13 bai toan dugc dé cap va giai quyét tir nhitng nim 1970
trong cac cong bd clia Brice va Fenema. Nam 1974 Watanabe dé xuat ki thuat
phan ving anh dua trén Idy ngurdng. Nam 1978 Jack Sklandsky dé xuat k¥ thuat
phan ving anh dva trén phdat hién bién. Ky thuat lan vung xac dinh truc tiép
ving bang cach lan ving tir mot vi tri trong anh cho dén khi nao tiéu chi ving

van con thoa man do Brice va Fennema dé xuat nam 1970, sau d6 duoc cai tién
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boi Pavlidis va cac cong su nam 1990, R. Adams and L. Bischof — 1994, Zugaj
va cong su ndm 1998; Hojjatoleslami, S. A. va Kittler, J — 1998.

Nam 1979, Coleman va Andrews gidi thi€u ky thuat phan ving anh dua
trén phdn cum. Ky thuat Watershed coi anh 1a mot bé mit topo, khi d6 viéc
phan ving duoc xem 1a thuc hién phép bién d6i watershed dé tim ra cac ving
anh quan tdm. K§ thuat ndy lan dau tién dugc giéi thidu boi Digabel va
Lantu’ejoul vao nam 1978, tiép tuc duoc cai tién bai S Beucher 1992, V Grau

va cac cong su nam 2004.

Niam 2004, Rother va cong sy dé xuat ky thuat Graph cuts. Nam 2006,
Kato va Pong dé xuét ky thuat Truwong ngdu nhién markov cé diéu kién. Ky
thuat nay coi bai toan phan vung la bai toan gan nhan va di tim 161 giai theo
hudng tiép can xac suét.

Hién nay, cac giai thuat hoc sau da cho nhiing két qua an tuong trén rat
nhiéu bai toan lién quan dén phan tich va hiéu anh. Céac giai thuat hoc sau coi
bai toan phan ving anh 13 bai toan gan nhan mic diém anh va dua ra cac két
qua phan ving thuc thé ngir nghia phuc vu cho nhiéu bai toan sau d6. Nam
2015, Long va cong su dé xudt Mang tich chdp day di (Fully Convolutional
Networks) cho bai toan phan viing anh bang cach thay d6i kién tric mang VGG-
16 va GoogleNet dé xir Iy cac dau vao va dau ra co kich thude khéng cb dinh.
Ciing vao nim nay, No va cong su dé xuit Mo hinh Tw md héa — gidi ma cho
phan vung anh. Ren va cong su dé xuét mang theo Mo6 hinh mang tich chdp

viing (R-CNN) cho phan ving thyc thé.

Nam 2016, Visin va cong su dé xudt mang theo M6 hinh hoi
qui (Recurrent Neural Network - RNN) cho phép m6 hinh héa quan hé phuc
thudc ngan/dai han giira cac diém anh dé cai thién chat luong phan ving anh.
Nim 2017, Lin va cong su dé xuat mang FPN (Feature Pyramid Network)

theo Mé hinh da phdn gidi va cdu triic kim tw thdp, trong d6, cdu trac phan cip
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da tang cac mang CNN duoc 1ong ghép dé tao cac dic trung da phan giai nham

phat hién cac dbi tuong & kich thude khac nhau trong anh.

Niam 2018, Marcos va cong su da dé xuat M6 hinh mang CNN két hop

voi mo hinh bién dong (active contour).

Phén ving anh duoc img dung trong nhiéu linh vuc khac nhau nhu phan
tich anh y té, xe tu hanh, giam sat an ninh, thyc tai tang cudng, tuong tac nguoi

may, V.v.

_ Phan tich anh y t&: phéan ving cac khdi u, cac ving ton thuong trén anh

noi1 soi, anh CT, MRI

_ Xe tu hanh: Phat hién cac bién bao giao thong, lan duong, xe ¢, tro gitup

141 cho xe tu hanh

- Giam sat an ninh: Phat hién nguo1 truy nhép trai phép trong toa nha, phan

vung va dinh vi bat thuong

_ Tuong tac ngudi may: phan ving ban tay trong anh dé diéu khién thiét bi

trong phong théng minh

_ Pa dang sinh hoc: phat hién va phan ving anh cay cdi phuc vu cho viéc
nhan dang ty dong, trg gitp trong viée luu trit, bao ton bao tang cay thudc,
cay g0 quy

~ V& tinh, vién tham: khoanh ving cic ving anh quan tAm (phan hoach,
giam sat dién rong).

Phan vung anh 1a mdt pha xur 1y trung gian quan trong trong chudi xur 1y
phan tich va hiéu anh. Bai toan phan vung anh van déi mit véi cac thach thirc
can phai giai quyét trong twong lai nhu sau: Cac co so dif liéu thach thic hon;
Céac mo hinh hoc sau c6 thé giai thich duoc; Cac phuwong phap hoc khong giam
sat hoac it giam sat; Mo hinh thoi gian thuc cho cac ng dung khéac nhau; Phan

ving dua trén ddm may diém: hién nay céc thiét bi cho phép thu nhéan dit liéu
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3D dang pho bién. Viéc phan ving dua trén ddm may diém 3D ciing sé& la mot

khuynh huéng phat trién trong twong lai gan.

Hié¢n nay, tai Viét Nam, co nhiéu phong thi nghiém, vién nghién ctru, b
mon hoic cac nha nghién ctru doc lap, cac cong ty dang theo dudi va giai quyét
cac bai toan lién quan dén phan ving anh phuc vu cho cac tmg dung khac nhau
nhu phan ving anh ndi soi, anh X quang phuc vu cic Gmg dung y té (Vién
MICA, Vién Di¢n tir Y Sinh — PHBK Ha No61); phan vung anh van ban phuc
vu tu dong nhan dang ky tu (Vién cong nghe thong tin thudc Vién Han lam
KHCNVN), phan vung anh v¢ tinh (Vién cong nghe thong tin thuoc Vién Han
lam KHCNVN, Hoc vién Ky thuat Quan su, Pai hoc Quéc gia Ha No1); phan
ving anh giao thong trong diéu huéng phan ludng (Cong ty Bién Bac), phan
vung anh nguoi, tay trong ing dung gidm st hodc tuong tdc nguoi may (Vién
MICA, PHBK Ha Néi, Pai hoc Qudc gia HCM), v.v.

1.3 Phan doan anh ngir nghia
1.3.1 Phan doan ngir nghia la gi

Phéan doan ngir nghia 14 qua trinh phan bé nhan ngit nghia cho moi pixel
c6 trong hinh anh. Vi dy: tinh ning phat hién bién bao giao thong nham muc
dich phan loai tung pixel thanh 6 t6, ngudi di bo hoac bién bao duodng bo.
Phéan doan ngir nghia nhdm muc dich giai quyét cac van dé phan loai bang thi
giac may tinh thic day hoc sau va mang luéi than kinh tich chap (CNN). N6
lién quan dén viéc gan nhén cho timg pixel trong hinh dnh bang nhan danh muc

A Ja]

hoac 16p, chang han nhu “nguoi”, “cay” hoac “6 t6”.
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Hinh 1.3 Gan nhan cho tung pixel trong anh

Phan doan theo ngir nghia khac véi céc tdc vy phan doan tiéu chuén vén
gin nhén céc pixel theo dic tinh vat 1y ctia ching (ttrc 13 mau sic cua chung).
N6 nham muc dich cha thich tirng pixel bang nhén ddi tugng cta nd. Thuat
toan xac dinh ddi tuong hoat dong theo kién trac hoc tap cua mang ludi than

Kinh.

Phén doan theo ngit nghia gan day da thu hat duoc nhiéu sy cha ¥ hon
trong linh vuc thi giac may tinh va hoc sau. Piéu nay 1a do ing dung ngay cang
tang cuia nod trong cac nganh cong nghiép khac nhau.

1.3.2 Cac loai phan doan hinh dnh khac nhau

Phén doan hinh anh 1 qué trinh phan chia mot hinh anh ky thuat sé (hinh
anh tinh va hinh anh video) thanh nhiéu phan doan. Cac phan khuc nay 1 cac
khu vuc déng nhat vé noi dung va dac diém. Phan doan duoc st dung trong céc
tac vu xur Iy hinh anh va thi gidc may tinh, chéng han nhu nhan dang doi tuong
va hiéu canh.

Céc loai phan doan hinh anh bao g@)m:

- Phan doan ngir nghia

- Phan doan ttrc thi
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Phan doan ngir nghia

Phan doan ngir nghia 12 mot k¥ thuat hoc sau phan loai cac pixel hinh
anh thanh cac 16p duoc xac dinh trudc. Muc ti€u l1a gan nhan cho moi pixel
trong anh, cho phép phan biét cac dbi tuong va ranh gidi ciia chung trong anh.
Diéu nay rét hitu ich trong cac tng dung khac nhau, chang han nhu xe ty hanh,
hinh anh y té va phan tich hinh anh vé tinh. Trong cac phuong tién tu tri, phan
doan theo ngit nghia c6 thé duoc st dung dé xac dinh ranh giéi dudng, bién
bao giao thong va ngudi di bo. Trong hinh anh y té, n6 co thé duogc str dung dé
phan doan khdi u va cac cu trac quan trong khac trong qua trinh quét y té.
Phuong phap nay str dung cac mang than kinh tich chap (CNN) dé phan tich
mét hinh anh va tao ra mot ban dd phan doan xac dinh doi tuong va ranh gioi
ctia chiing. Pau ra 1a mot hinh anh duoc phan doan trong d6 mdi pixel dugc

dan nhan, hiéu rd cac d6i tuong va mdi quan hé cia ching trong hinh anh

Phan doan ngir nghia la mot trudng con cua thi gidc may tinh va hoc may
lién quan dén viéc xac dinh va gan nhan cac doi tugng ciing nhu cac thanh phan
ngit nghia khac trong hinh anh. Phan doan theo ngit nghia rat quan trong trong

cac nhiém vu nhu:
_ Phat hién d6i tuong
- Phan doan
~ Thu héi hinh anh
_ Tim kiém hinh anh
- Phan loai
Phén doan tirc thi

Phan doan tic thi va phan doan ngit nghia ¢ muc ti€éu khac nhau. Phan
doan ngir nghia nham gin nhén cho ting pixel, trong khi phan doan tic thi

nham phan biét gitta cac phién ban cua cung mot 16p.
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1.3.4 Mt s6 ing dung
Nhéan dang khuon mat :

Hinh 1.4 Nhan dang khudn mat

Phan doan ngit nghia dugc st dung dé nhan dang khudén mat. M6 hinh

duoc dao tao dé du doan xem mot hinh anh c6 chtra khuon mit hay khong.
Hinh anh dau vao trudc tién dugc chuyén d6i thanh biéu dién vecto ma ban c6
thé str dung dé so sanh voi cac vecto khac.

Y tudng dang sau tmg dung ndy 1a ban c6 thé phan chia khuén mit thanh
cac ving khac nhau, chang han nhu mat, mili va miéng. Sau d6, diéu nay c6 thé
xé4c dinh nguoi duoc dé cap bang cach so sanh hinh anh véi tap dir liéu vé cac
khuén mit da biét.

Du6i ddy 1a bang phan tich vé quy trinh nhan dang khudn mat:

_ Hé thdng xac minh trudc tién s& phan tich khudén mit.

_ Tiép theo, hé thong s& loai bd moi nhidu va cac yéu td gay mat tap trung
khac khoi hinh anh dé mang lai hinh anh chét luong t6t hon.

_ Hé théng tién hanh phén tich hinh dnh va xac dinh hinh anh d6 thudc vé
chu thé nao trong co so dir liéu.

_ Pau ra cia chuong trinh nay cho biét ddi tuong trong anh dau vao cé trong
co s¢ dir liéu hay khong.

Xe tu lai :
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Hinh 1.5 Xe tu lai
Phan doan theo ngir nghia 1a budc dau tién huodng téi viée thiét 1ap hé
thong lai tu dong. D¢ hiéu thé gidi xung quanh, 6 t6 sir dung k¥ thuat thi giac
may tinh dé xac dinh céc vat thé va thudc tinh cua chiing. Budc tiép theo 1a dua

ra quyét dinh dya trén nhitng quan sat nay.

Vi du, néu mot chiéc 6 t6 nhin thdy mot nguoi di bd dang di trén duong,
n6 can biét ngudi di bo nay s& di dau va lidu ngudi d6 c6 bing qua duong hay
khong. Pé 1am dugc diéu do, chiéc 6 to can hiéu nhitng do vat trong khung
canh d6 13 gi va chiing s& di chuyén nhu thé nao trong twong lai (tirc 13 quy dao
ctia chung). Pay 1a noi phan doan ngit nghia xuét hién.

Chan doan hinh anh y té :

—

by

',
ij

3

L
A

¥ Lol
—

J

M
”»
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Hinh 1.6 Chuan doan y té
Chan doan hinh anh y té tn nhiéu thoi gian, chi phi va dé xay ra 16i. Qua

trinh ndy bao gom vi¢c ddn nhan cho tung pixel cia hinh anh véi cau trac giai
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phau twong tmg. Qua trinh nay doi hoi nd lyc dang ké tir cac chuyén gia duoc

dao tao, nhitng ngudi danh hang gio dé cha thich cho mdi hinh anh.

Phéan doan theo ngit nghia gitp giam thoi gian can thiét cho viéc gan
nhin thu cong bang chu thich hinh anh. Nganh y té ¢6 thé tan dung md hinh
hoc may tu dong gan nhan cho ting pixel trong hinh anh véi cau tric giai phau
tuong ung. Bang cach ndy, cac bac si ¢ thé tip trung vao chan doan thuc té
thay vi danh thoi gian cho cac nhiém vu c6 gia tri thap nhu phén loai pixel trong

hinh anh.

Tom lai, phan doan ngir nghia la mot linh vuc quan trong cua thuat toan
hoc sau dugc tan dung dé tang cuong nhiing tién bo trong thi gidc mdy tinh.
Phén doan theo ngit nghia s& tiép tuc phat trién trong nhiéu danh muc con lién

quan, phat hién déi tuong, phan loai va ban dia hoa.

Pham Thi Ngoc Anh  CT2301M 19


https://www.shaip.com/offerings/image-annotation/

CHUONG 2: MANG NO RON NHAN CHAP

2.1 Mang no ron
Mang no ron ( Neural Networks — NN ) 1a mot phuong thirc trong linh

vuc tri tué nhan tao dugc ap dung dé day may tinh xur 1y dir liéu, bang cach lay
cam hing tir bd ndo con ngudi. Mang no ron st dung cac nut hoac no ron lién
két voi nhau trong mot cau trac phan 16p twong tu nhu bd ndo con ngudi.
Phuong thirc nay tao ra mot hé théng thich Gmg cho phép may tinh str dung dé
hoc hoi tir sai 1am ctia chung va lién tuc cai thién qua thoi gian. Vi vdy mang

no ron nhan tao nham t&i1 giai quyét cac van deé phic tap.

M6t mang no ron dugc cdu thanh bdi cac no ron don 1é dugc goi 1a cac
perceptron. Nén trudc tién ta tim hiéu xem perceptron 1a gi rdi ta s& tién t6i kién
triic cia mang no ron sau. No ron nhan tao duoc 1ay cam htng tir no ron sinh
hoc nhu hinh mo ta bén dudi :

impulses carried

toward cell body
branches

dendrites of axon
\v

// \~

y 2 axon
nucleusA’ SN _____.} ‘é‘ég> .

:,f/’\ terminals
.
W/ﬁt\ impulses carried \kg

away from cell body
cell body

Hinh 2.1 M6 ta mang no ron sinh hoc
Nhu hinh trén, ta c6 thé thdy mét no ron c6 thé nhan nhiéu dau vao va
cho ra mot két qua duy nhat. Mo hinh ctia perceptron ciling tuong tu nhu vay:

X1
Wy

) output
W,

w.
I3 3

Hinh 2.2 M0 hinh perceptron
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Mot perceptron s€ nhan mot hodc nhiéu dau vao x va cho ra mot két qua
0 dang nhi phan duy nhat. Gia sir perceptron c6 ba dau vao ¥1 Xz Xs,,. Pé tinh
toan dau ra ching ta st dung céc trong sd s6 Wi, W2, W3 1a cac sb thuc tién ta
d6 quan trong cua dau vao tuong tng. Pau ra 1a 0 hay 1 duoc xac dinh thong
qua tong xich ma cta cac tich Wi * X; voi mot gia tri ngudng ( threshold ) theo
biéu thirc :

0IF Y),;wix; < threshold

°= {1 IF Y,;w;x; > threshold 2-1)

Dit b = - threshold, ta c6 thé viét lai thanh :
o - {OIF 2iwix;+b <0
T 1IF Ywix; +b >0 2-2)

Chung ta c6 thé thay khi thay doi cac gia tri trong sd, hay ngudng ching
ta c6 thé tao ra cac dau ra khac nhau. Hay noi cach khéc 14 tao ra cac quyét dinh
khac nhau. C6 thé nhan thay dugc nhuge diém cua perceptron 1a khi ta thay doi
mot lugng nho cac trong sd c¢6 thé gy ra su thay ddi 16n vé dau ra. Pau ra co
thé 14t tir 0 sang 1 hodc 1 sang On. Dé khic phuc diéu nay, sigmoid no ron tao

nra cho phép thay doi nho ctia trong sé ma chi tao ra mot thay d6i nho ¢ dau ra

Céch hoat dong cua sigmoid no ron 1a st dung dau vao sb thuc va tao ra
mot dau ra. Céac trong sd van gidng perceptron nhung dau ra khong phai 13 0
hay 1. Thay vao d6 dau ra duoc quyét dinh bai mot ham singmiod 7(2), véi o
la ham singmiod dugc dinh nghia nhu sau :

o(z) = 1+2-Z (2-3)

Gia sur cac dau vao la la X1, X2,... cac trong sO W1, Wa,..., va B la mot gia

tri tin ngudng. Va ta dat z= ZiWiXi + b thi cong thire luc nay s& c6 dang :
1

0(z)=—<——
1+e_ziw':xi+b (2-4)
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Hinh 2.3 6 thi ham singmoid
Ngoai ham Singmoid ra, ta con c6 thé c6 mdt s6 ham kich hoat khac nhu
Tanh, ReLu dé thay thé ham Singmoid boi dang do thi ctia né ciing tuong tur
nhu singmoid. Mot cach tong quat, ham perceptron dugc biéu dién qua mot
ham kich hoat ( activation function ) f(2) nhu sau, trong d6 : z = Ziwix; + b
o=fXiwix; +b) (2-5)
Bang cach biéu dién nhu vy, ta c¢6 thé coi mé hinh perceotron dugc thé
hién chi tiét nhu sau :

o wo

@ synapse
axon from a neuron
woTo

cell body

f (Z w;T; + b)
Zw,-:c,- +b :

output axon

activation
function

w11

Wo2T2

Hinh 2.4 M6 hinh perceptron chi tiét
2.1 Kién triic mang no ron
Mang no ron 1a sy két hop cua cac tang perceptron hay con dugc goi 1a

perceptron da tang ( multilayer perceptron ) nhu hinh vé bén dudi :
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Hinh 2.5 Kién tric mang no ron
~ Tang vao ( input layer ) : La tAng bén trai cing cuia mang thé hién cho cac

dau vao cuia mang.

_ Téang ra (output layer ) : La tang bén phai cting ctia mang thé hién cho cac

dau ra ciia mang

- Tang an ( hidden layer ) : La tang ndm gitra tang vao va tang ra thé hién
cho vi¢c suy luan logic ciia mang. Luu ¥ rang, mdt no ron chi c6 mot tang

vao mot tang ra nhung co6 thé co nhiéu tang an.

Trong mang no ron, moi nut mang 1a mot sigmoid no ron nhung ham

kich hoat ctia chung c6 thé khac nhau.

O mdi tang, s6 lwong cac nut dang (no ron ) c6 thé khach nhau tuy thudc
vao bai toan va cach giai quyét. Nhung thuong khi 1am viéc ngudi ta dé cac
tang an co s6 luong no ron bang nhau. Ngoai ra, cac no ron & cac tang thuong
duoc lién két d6i mot v6i nhau tao thanh mang két ndi day du ( Fully connected

netwwork )

2.3 Mang no ron tich chiap ( Convolutional Neural Netwwork — CNN )
2.3.1 Pinh nghia mang no ron tich chap

CNN duoc viét tat caa Convolutional Neural Netwwork hay con goi 14

mang no ron tich. La mot trong nhimg mé hinh Deep Learning cuc ki tién tién,
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boi chiing mang lai kha ning xdy dung nhitng hé thong phan loai c¢6 do chinh
X&c cao va théng minh. Nho kha ning d6 CNN c¢6 rat nhiéu tmg dung dic biét

1a nhitng bai toan can phan loai d6i tuong trong anh.

Mang no ron tich chap la mot mang no ron nhan tao voi cac toan tu tich
chap. N6 ¢ kha niang hoc mét lwong 16n dit liéu trong khoang thoi gian ngén
hon dang ké so voi mang no ron théng thuong. Nguyén nhén 1a do nd gidi han
viéc st dung it trong sb hon, trong khi van duy tri d6 chinh xéac chi thip hon
mot phan nho so véi kién triic truyén théng.

2.3.2 Cac 16p co ban ciia mang CNN
Mang CNN bao gdm nhimg 16p co ban sau :

- 2.3.aLdp tich chdp ( convolutional layer — CONV )

Lép tich chap 1a phan quan trong nhit cta toan mang CNN, né c6 nhiém
vu thuc hién phép toan tich chép trén anh dau vao dé trich xuét cac dic trung
cua anh. Lop nay s€ str dung mot tap cac bo loc ( filter ) c6 kich thude 5x5 hoac
3x3 ap vao mdt ving trong anh dau vao va tién hanh tinh tich chap giita cac
trong s6 ctia bo loc va cac gia tri diém anh trong vung duoc quét. Bo loc s€ lan
luot duoc dich chuyén theo mot gia tri budce truot ( stride ) quét toan b anh
dau vao. Cac trong s6 cua filter ban dau s& duoc khoi tao ngﬁu nhién va s€ duoc
cap nhat dan trong qua trinh huan luyén mé hinh. Cac yéu té quan trong trong
16p tich chap 1a : padding, stride, feature map va filter map.

_ Filter map : Str dung filter dé ap dung vao cac ving clia ma tran anh dau
Vao.

_ Stride ( truot ) : Ttc 1a ta dich chuyén filter map theo timg pixel dua vao
cac gia tri tur trdi qua phai.

_ Padding (18 ) : Thudng gia tri 1é xung quanh ctia cic ma tran anh s& duoc
gan cac gia tri 0 dé c6 thé tién hanh nhan tich chap ma khong lam giam

kich thudc ma tran anh ban dau
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_ Featura map : Biéu dién két qua cua viéc ap dung mot bo loc ( filter ) 1én
mot anh dau vao thong qua phép toan tich chap. Feature map thudng chira

cac thong tin vé cac dic trung ( features ) cu thé cua anh dau vao.
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| e \\ ~ |
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Hinh 2.6 Vi du vé 19p tich chap
2.3.b Lép ReLU (ReLU layer)

Lop ReLU (Rectified Linear Unit ) thuong dugc dat ngay sau 16p tich
chap. Voi muc dich 14 dua ra tinh phi tuyén trong mé hinh c¢6 kha nang hoc
dugc cac biéu dién phuc tap tir dit liéu. Lp nay st dung ham kich hoat ReLU
v6i dau ra 13 13 f(x) = max(0, x), dugc gidi thiéu boi Geoffrey E.Hinton nim
2010. Ham nay c6 nhiém vu chuyén toan bd gia tri 4m trong két qua 1ay tir 16p
tich chap thanh gia tri 0 va giir nguyén gia tri dau vao khi 16n hon 0. Trudce khi
ham ReLU duogc ap dung thi nhiing ham nhu Sigmoid hay Tanh maéi 1a nhitng
ham duoc st sung phé bién. Ham ReLU dugc va chudng vi tinh toan don gian

va ciing cho két qua t6t hon.
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Hinh 2.7 Vi du vé ham ReLU

2.3.c Ldp gop ( Pooling layer — POOL )

Sau 16p ReLLU chung ta s€ st dung 16p gop, véi chirc nang chinh lag
giam kich thudc dit liéu cua 16p trude d6 nhung van giit duogc cac thude tinh
quan trong. Kich thude dir li€u giam, giup giam viéc tinh toan trong mo hinh.
L&p nay st dung mot ctra sO truot quét qua toan bo anh dir licu va trugt theo
budc trugt (stride) cho trudge. Khac vai 16p tich chap, 16p gdop khong tinh tich
chap ma tién hanh 1§y mot gia tri dugc xem la gié tri dai dién cho thong tin anh
tai vung dugc quét. Hién tai co 2 loai phép gop dugc sur dung phé bién 1a max
pooling va average pooling:

~ Max pooling : Phép gop chon gia tri 10p nhat trong ving ma né dang dugc
quet.

- Average pooling : Phép gop tinh trung binh cac gia tri trong ving ma nd
dung dugc quét.

Max pooling

(12| 7
8|7|5]|3
2x2 pooling,
1219 | 5|7 stride 2 |
13| 2 (10| 3 Average pooling
9|45 |14 9 S

7 8

Hinh 2.7 Max pooling va Average pooling
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Mic du rat nhiéu thong tin bi mat trong 16p gop nhung né ciing mang lai
mdt s6 1oi ich cho CNN nhu chiing giam tdc d6 phtc tap, nang cao hiéu qua va

han ché 1t ro bi thira.
2.3.d Lép két néi ddy di ( Fully connected layer — FC)

L6p két ndi day du 14 16p cudi cung trong CNN. L6p nay thuc hién nhiém
vu phan loai dua trén cac dac trung dugc trich Xuét thong qua céc 16p trude do.
Lop FC thuong tan dung ham kich hoat softmax dé phan loai dau vao mot cach

thich hop

Output Volume  output Volume
S88x
; ant Output Nodes
5x1
Output Volume
14x14x3
ReLU Activation Fn
Volume-28x28x3 i 9
=1

[ Class 2

1 \
‘ Class 3
U Class 4
convol ’ ¥

s
layer Stride 1 i . . Class 5

Max Pool =
layer Stride 2
v Soft-max Layer

Fully connected Soft-Max
Layer ReLU Activation Activation Fn
Fn.

Input Volume Flatten layer
3231

Hinh 2.8 Lop két ndi day du

2.4 Kién triic mang CNN

Mang no ron tich chép c6 kién trac khac véi mang no ron thong thuong.
Mang no ron binh thuong chuyén d6i dau vao thong qua hang loat cac tang an.
MGJi tang 1a mot tap cac no ron va cac tang duoc lién két ddy di va cac no ron
& tang trude d6.0 tang cudi cung s& 1a tang két qua dai dién cho dy doan cua
mang. Pau tién, mang no ron tich chap duoc chia thanh 3 chiéu : rong, cao va
sau. Pay 1a mot thiét ké rat phu hop cho bai toan phan loai dit liéu anh c6 kich
thudc chiéu cao x chiéu rong x 3 kénh mau ( d6 - luc - lam ). Tiép theo cac no
ron trong mang khong két nbi hoan toan véi tat ca no ron ké tiép ma chi lién
két v&i mot phan nao cua chung. Cudi cung mot tang dau ra duoc chuyén thanh

vecto cua gia tri xac suat
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Hinh 2.9 Mang no ron thong thuong ( trai ) va CNN ( phai )
Kién traic CNN gbém 2 phan :
~ Phan trich xuat dic trung : Trong phan nay, mang s& tién hanh tinh toan
hang loat phép tich chap va ghép gop (pooding) dé phat hién cac dic trung.
_ Phan phan 16p : Tai phan niay, mot 16p vai cac lién két day du sé dong vai
tro nhu mdt bd phan 16p cac dac trung da rat trich duoc trude do. Tﬁng

nay s¢ dua ra dugc xac suat cuia mdt doi tuong.

.
-y >, Y
— 352 8
’ - T — '
’ .
INPU CONVOLUTION » RELU POOLING CONVOLUTION « RRLU  POOLING FLATTEN FORMLY SOFTMAX
N ONNICTID )
\,7 e = TN = 5= 4
\/ -\(
FEATURE LEARNING CLASSIFICATION

Hinh 2.10 Kién tric mang CNN
2.4.a Trich xudt diic trung

Pau tién anh dau vao s& duoc dua qua 16p tich chap dé thuc hién tinh
toan tich chap gitra anh dau vao va b loc ( filter map ) dé tao ra mot ma tran

dac trung ( featura map )

Ta thyc hién phép tich chap bang cach truot filter theo dit liéu dau vao.
Tai mdi vi tri, ta tién hanh phép nhan ma tran va tinh tong cac gia tri dé dua
vao ma tran dac trung ( feature map ).

Vi du vé phép tich chap nhu hinh dudi day, trong d6 thanh phan filter

kich thudc 1a 3x3 ( mau xanh 14 ) truot trén ma tran anh dau vao ( mau xanh

duong ) va két qua duoc tra vé ban db dic trung ( mau hong )
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Hinh 2.11 Vi dy vé phép tich chap
Boi vi kich thudc dau ra luon nhé hon dau vao nén ta cin mot phép xur
ly dau vao dé dau ra khong bi thay d6i. Pon gian ta chi can thém mot 1é (
padding ) vao dau vao. Mot 1é ( padding) véi gia tri 0 s& dugc thém vao xung

quanh ma tran dau vao trudce khi thuc hién phép tich chép.
0
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2
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1
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O 1O | N | & N || O

o O © O © » O
—

[ = N [ = N I = Ji B <= ) B = i B = B =

o o S b W
o O O»,

0
zero padding

Hinh 2.12 Hinh anh minh hoa ma tran (1§1u vao sau khi thém padding = 1 véi
gia tri bang 0
Trong thuc té phép tich chap duogc thuc hi¢én trén khong gian 3 chiéu, vi
mdi hinh anh dugc biéu dién duéi dang ba chiéu : chiéu rong, chiéu cao va
chiéu sau. Chiéu sau & day tvong Gmg véi gia tri mau sic cua hinh anh, thuong

dugc biéu dién dudi dang RGB
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RGB Grayscale/Binary
Image Image
MxNx3 MxNx1

Hinh 2.13 Hinh anh RGB va anh xam
Sau d6 dau ra cta 16p tich chap sé dwa qua 16p ReLU, 16p nay sir dung
ham kich hoat ReLU dé c6 dau ra duéi dang phi thuyén va chuyén toan bo gia
tri am trong két qua l4y tir 16p tich chap thanh gia tri 0 va gilt nguyén gia tri dau

vao khi lon hon 0.

Sau 16p ReLU két qua s& di qua 16p gop ( pooling layer ). Viéc nay gilp
giam kich thuéc dir liéu, giam thoi gian hoc va han ché viéc overfitting.
Overfitting 12 mot hién tuong khi mé hinh may hoc duoc huan luyén qua murc
trén dit liéu huan luyén, dén muc do hoc thude long dit li€u d6 ma khong téng
qua hoa dugc cho dit liéu mdi chua nhin thay. Trong trudng hop nay, mé hinh
c6 thé thich Gmg qua murc v6i cac chi tiét khong quan trong trong dit liéu huan
luyén, nén lam giam kha nang dy doédn chinh xac trén dir licu méi. Mot phép
gop don gian thuong dugc dung d6 1a phép gop lay gia tri 16n nhat ( max

pooling ), phép gop nay sé& lay gia tri 16n nhat cia mot ving dé dai dién cho

vung do.
Biéu do dac trung don
" 11 1| 2| 4 | Phépgdplay giatrilén
nhat véi kich thudc bo
51| 6 7 8 loc 2x2 va budc nhay 2 6
3|2(1]o0
11 2 ESHIES

y
Hinh 2.14 Phép gop lay gia tri 16n nhat

Pham Thi Ngoc Anh  CT2301M 30



2.4.b Phan loai
Sau 16p tich chap va pooling, vi dau vao cia mang lién két day da 1a mot
chiéu nén feature map duoc lam phang ( flatten ) trudce khi dua vao 16p két ndi

day du ( Fully Connected layer )

Pooled Feature Map

1
1
1.l 2|0 0
Flattening
&l21a 4
0|21 2
1
0
2
1

Hinh 2.15 Vi du minh hoa khi 1am phang feature map dé dua vao 16p két n6i
day du

Lop két ndi day du ( Fully Connected layer ) ndy hoat dong nhu mot
mang no ron truyén thong, két ndi cac dic trung da hoc tir 16p trude dé thuc
hién phan loai va cudi cing str dung ham kich hoat softmax dé phan loai, Ham
softmax s& chuyén d6 gia tri dau ra thanh céc gia tri xac suat tuong ing véi cac
16p d6i twong. N6 dam bao ring tong xac suat cia tat ca cac 1op bang 1. Trong
d6 16p c6 xéac suat cao nhat duogc coi 1a 16p du doan cho dbi tuong hinh anh.
2.5 Mt s6 cau triic mang CNN

Hién nay c6 nhiéu mang no ron tich chap ndi tiéng va pho bién. Két qua
thtr nghiém c6 hi¢u suét tot. Cho nén thay vi tu thiét ké mang ching ta st dung
cac thiét ké co san. Hau hét cac mang CNN déu dugc thiét ké theo nguyén tic

chung:
_ St dung nhiéu convolution layer chong 1én nhau
_ Giam dan kich thudc output mdi 16p

_ Tang dan sb luong feature map
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Trong khi cic mang CNN trudc day hau hét theo dang chi don gian thiét
ké theo 16i nhiéu 16p Convolution xép chdng 1én nhau thi nhiéu mang méi day
d3 thiét ké sang tao hon va cho két qua hiéu qua hon. Cac kién trac mang nay
dong vai trd rat quan trong va ap dung cho nhitng nhiém vu cu thé trong
Computer Vision. Cac mang niy dugc dung nhiéu trong viéc trich xuét cac

feature dé€ phuc vu cho cac nhiém vu chuyén biét.

— :;ggi: —»| ResNet —» DenseNet
¥
LeCun1989 —»| LeNet |—»| AlexNet »| GoogleNet —uml’““xi - “l‘::s‘;::‘t’“
1O | lrannom | F
—|Inception V2 — FCN »| CNN + RNN
The Evolution of Convolution Neural Networks Create by Thor

Hinh 2.16 Su phat trién ciia mang no-ron tich chap

2.5.1 Kién tric LeNet-5

LeNet-5 1a mot trong nhitng m6 hinh dugc dao tao trudc soém nhét, duoc
Yann LeCun va nhiing nguoi khac dé xuat vao nam 1998. Ho st dung kién triic
nay dé nhan dang céc ki ty viét tay va in bang may. Ly do chinh dang sau su
pho bién cia md hinh nay 1a kién triic don gian va dé hiéu cta né. N6 1a mot
mang ludi no ron tich chap nhiéu 16p dé phan loai hinh anh.

Mang c6 5 16p véi cac tham s6 ¢ thé hoc duoc va do d6 dugc dit tén 1a
Lenet-5. N6 ¢ ba bo 16p chap véi su két hop cua viée gdp trung binh. Sau 16p
tich chép va 16p gop trung binh, chiing ta c6 hai 16p duoc két ndi diy du. Cubi

cung, bg phan loai Softmax s& phan loai hinh anh thanh 16p twong ing.
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Input
32X32X1

Pau vao ctia md hinh nay 1a hinh anh thang do xam 32 x 32 do d6 sb

luong kénh 1a mot

Convolution
(5X5)
1
— N
1 Output shape = ((32-5+1) X (32-5+1) X 6)
i =(28 X 28 X 6)
Input Feature Map
32X32X1 28X 28X6%

Sau d6, ta thao tac tich chap dau tién véi kich thude bo loc 5xxx5 va ta
s€ c6 6 b loc nhu vay. Két qua l1a ching ta c6 duoc ban dd dic trung co6 kich

thudc 28x28x6. O ddy sb luong kénh bang sé lugng bd loc duge ap dung.

Convolution

(5X5) Subsampling
|
1
Input Feature Map Feature Map
32X32X1 28X 28X6 14X 14 X6
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Sau thao tac gdp dau tién, chung ta ap dung phép gdp trung binh va kich
thudc cua ban dd ddi twong dia Iy giam di mot ntra. Luu ¥ ring, sé luong kénh

dugc gilr nguyén.

Convolution T . Convolution
(5X5) ping (5X5)

' —-,. | N _’U‘ ‘

Input Feature Map Feature Map  Feature Map
32X32X1 28X 28X6 14X 14 X6 10X 10X 16

Tiép theo, ching ta c6 mot 16p tich chap va1 muoi sau bo loc ¢o kich
thudc 5x5. Mot 1an nita ban do tinh ning da thay doi no 1a 10x10x16. Kich
thude dau ra dugce tinh theo cach twong tu. Sau d6, lai ap dung 16p tong hop
hodc 14y mau con trung binh, diéu ndy mot 1an nita lam giam kich thudc cua

ban do dic trung xuéng mot nira, tirc 1a 5x5x16.

Convolution Subsampling Convolution o i Convolution
(5X5) piing (5X5) pling (5X5)
1
1 —
o r—— 8| l i w\ )
L L d ‘* <
i
Input Feature Map Feature Map Feature Map  Feature Map 150
32X32X1 28X 28X6 14 X14 X6 10 X 10 X 16 5X5X16

Tiép dén, chiing ta co 16p tich chap cudi cung c6 kich thude 5x5 véi 120
bd loc. Nhu thé hién trong hinh anh trén. Dé lai kich thudc ban do dic trung

1x1x120. Sau d6 1am phang két qua 1a 120 gi4 tri.

Sau céc 16p tich chap nay, chung ta c6 mot 16p dugc két ndi day du voi

84 no ron. Cudi cung, cd6 mdt 16p dau ra voi 10 no ron vi dir ligu co6 10 16p.
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Day la kién tric cudi cung cua mo hinh Lenet-5

Fully
Convolution SiEATIBED Convolution SihSARElR Convolution connected Output
(5X5) PING " (5xs) P 9) layer
Input Feature Map Feature Map  Feature Map Feature Map 120 84 10
32X32X1 28X28X6 14 X14X6 10X 10X 16 5X5X16 i

Hinh 2.17 M6 hinh kién tric LeNet-5

2.5.2 Kién triic AlexNet

AlexNet 1a mot kién triic deep leaning va dai dién cho mot bién thé cia
mang no-ron tich chap. Ban dau n6 duoc dé xuat boi Alex Krizhevsky trong
qué trinh nghién ctru cta 6ng, dudi su huéng dan cua Geoffrey E.Hinton, mot
nhan vat noi bat trong linh vuc nghién ciru deep leaning. Nam 2012, Alex
Krizhevsky da tham gia thir thach nhan dang hinh anh quy moé 16n ImageNet
(ILSVRC2012) va sir dung mé hinh AlexNet, dat ti 1¢ 15i 4n twong trong top 5

la 15,3%, vuot qua ngudi vé nhi hon 10,8 diém phan tram.
Kién trac AlexNet bao gdm tong cong 8 16p

Nim 16p dau tién 1a cac 16p chap. Kich thudc cia cac bo loc tich chap 1a
11x11, 5x5, 3x3, 3x3 va 3x3 cho céac 16p tich chap twong tmg. Mot sb 16p tich
chap dugc theo sau boi cac 16p tong hop ti da, giup giam kich thude khong
gian trong khi van giir dugc cac tinh niing quan trong. Ham kich hoat duoc st
dung trong mang 1a don vi tuyén tinh chinh luu ( ReLu ), dugc bién dén véi

hi€u suat vuot troi so voi ham sigmoid va tanh.

Sau cac 16p chap, c6 ba 16p dugc két nbi day du. Cac thong s6 cia mang

6 thé duoc diéu chinh dya trén hiéu suét huin luyén. AlexNet c6 thé duoc st
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dung véi phuong phap hoc chuyén giao, st dung céc trong sé duoc dio tao

trude trén bo dir licu ImageNet dé dat duoc hiéu suét vuot troi.
Céc thanh phan chinh cua kién trac AlexNet :

_ Thanh phan 1 - Mang no ron chuyén déi ( CNN ) : Alexnet 1a kién triic
mang no ron chuyén do6i (CNN) sau duoc thiét ké cho cac nhiém vu phan
loai hinh anh. CNN dac biét phu hop cho cac nhi€ém vu nhan dang hinh
anh, tan dung cac 16p tich chap dé tim hiéu cac tinh ning tir hinh anh theo

thtr bac.

_ Thanh phan 2 — Kién tric : AlexNet bao gdm tam 16p, trong d6 nam 16p
dau tién 1a 16p tich chap va ba 16p cudi cung 1a cac 16p duge két noi day
du. Céc 16p tich chap dugc thiét ké dé trich xuit cac miu va dic diém co
lién quan tir hinh anh dau vao, trong khi cac 16p dugc két ndi day du thuc

hién phan loai dua trén cac dac di€m do.

_ Thanh phan 3 — Kich hoat ReLu : Céc ham kich hoat don vi tuyén tinh
chinh luu ( ReLU ) duogc st dung sau mdi 16p tich chip va dugc két ndi
day du. ReLU gidi thiéu tinh phi tuyén tinh, cho phép mang mo hinh hoa

cac mdi quan hé phirc tap hon trong dir liéu.

_ Thanh phdn 4 — Max Pooling : Cac 16p gdi toi da dugc ap dung sau céc
16p chap nhat dinh dé giam kich thudc khong gian trong khi van giit dugc
cac tinh ning thiét yéu. Qua trinh ldy mau xudng nay giup giam tinh toan
va kiém soat qua murc.

_ Thanh phan 5 — Chudn hod phdn hoéi cuc bé : Chuan hoa phan hdi cuc bd
( LRL) duoc trién khai dé ting cuong kha nang téng quéat hoa bang cach
chuin hoa dau ra ctia mdt no-ron so véi cac no-ron lan can. Piéu nay tao
ra mot dang trc ché ngang, 1am cho mang tré 1én manh mé hon truée nhiing

bién doi cua dir li€u dau vao.
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_ Thanh phan 6 — Bé hoc : AlexNet st dung chinh quy bé hoc trong qua
trinh ddo tao, trong d6 cac no-ron ngau nhién bi loai bo trong qua trinh
chuyén tiép va lui. K¥ thuat ndy ngin chin viéc trang bi qua murc va cai
thién hiéu suét khai quat hoa mo hinh.

_ Thanh phan 7 — Chudn hod hang loat : Chuan hoa hang loat duoc ap dung
dé chuan hoa dau ra cta timg 16p trong mot 16 nho trong qua trinh do tao.
N6 6n dinh va ting toc qua trinh dao tao, cho phép tdc d6 hoc tap cao hon
va kién triic sau hon.

_ Thanh phan 8 — Kich hoat Softmax : Lop cudi cung cuia AlexNet sir dung
chtrc ning kich hoat Softmax dé chuyén doi dau ra tho ciia mé hinh thanh
xé4c xuat cua 16p. Diéu nay cho phép mang cung cap phan b xac suit trén

cac 16p co thé cé cho moi hinh anh dau vao.

- Thanh phc”in 9 — Ddo tao roi toi uu hod : AlexNet dugc dao tao bﬁng cach
str dung phuong phap giam do déc ngau nhién c6 dong luong. Toe d6 hoc
dugc diéu chinh trong qua trinh dao tao va cac ky thuat ting cuong dir liéu

duogc ap dung dé tang tinh da dang cua tip dit liéu huan luyén.

- Thanh phc”in 10 — Cuoc thi ImageNet : AlexNet da dat dugc thanh cong
dang ké khi tham gia thtr thach nhan dang hinh anh quy mé 16n ImageNet
( ILSVRC ) vao nam 2012. Hiéu sudt vuot tréi ciia né di giap pho bién
deep leaning va CNN cho cac nhiém vu phan loai hinh anh.

Input C1 c2 C3 C4 C5 F1 F2  Output

normalization normalization

f 3 31 ”
¥ f 5\ L k 4 3| 1 3\ 1
X Y 3\ o = 3 GPU 1
11 | 3 \ S5t =70 \dense
T ; 192 192 128 204 2048 \

11

224 sl \ 3

\ 7 3

3' '\\13 13 dense dense GPU 2

1000

11 192 192 128 Max

224\ listrid Max 128 Max pooling
of 4 pooling pooling (overlapping)
3 8 (overlapping) (overlapping)

Hinh 2.18 M6 hinh kién truc AlexNet

204 2048
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2.5.3 Kién tric VGG-16
VGG-16Net dya trén cac tinh niang thiét yéu nhat cia mang no-ron tich
chap (CNN)

CNN Fully-connected
Convelutional layers layers
4 A N A ]
inputimage | [N | dessoame | prob
] AN kit fox 0.5956
red fox 0.3576
= grey fox 0.043%
coyote 0.0013
Arctic fox 0.0003

Hinh 2.19 Hinh mé ta cach thirc hoat dong cia VGG-16
Mang VGG dugc xay dyng vt cac b loc tich chap rat nho. VGG-16
bao gdm 13 16p chap va ba 16p duoc két nbi day du.

Chung ta hiy nhin so qua vé kién tric cia VGG :

- Pau vao : VGGNet c6 kich thude dau vao hinh anh 1a 224x224. Déi véi
cudc thi ImageNet, nhitng ngudi tao ra md hinh d3 cit bo phan trung tim
224x224 trong mdi hinh anh dé gitr kich thudc dau vao ctia hinh anh nhét

quan.

_ Lép tich chap : Cac 16p tich chap ctia VGG tan dung truong tiép nhan t6i
thiéu, tirc 1a 3x3 kich thudc nho nhét ¢ thé ma van ghi duoc 1én/xudng
va trai/phai. Hon nira, con c6 cac bg loc tich chap 1x1 hoat dong nhu mot
phép bién d6i tuyén tinh cua dau vao. Tiép theo 1a don vi ReLU, day la
mot cai tién 16n ctia AlexNet gitip giam thoi gian ddo tao. ReLU la viét tat
cua ham kich hoat don vi tuyén tinh duoc chinh luu, n6 1a mot ham tuyén
tinh timg phan sé& xuat ra dau vao néu duong. Mit khac, dau ra bang khong

budc tich chap duogc cb dinh ¢ 1 pixel dé giir nguyén d6 phan giai khong
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gian sau khi tich chap ( sai budc 1a sé 1an dich chuyén pixel trén ma tran

dau vao ).

_ Lép an : Tat ca cac 16p an trong mang VGG déu sir dung ReLU. VGG
thuong khong tan dung chuin hoa phan hdi cuc bo (LRN) vi n6 1am ting
mure ti€u thu bd nhé va thoi gian dao tao. Hon nira, nd khong cai thién do
chinh xé4c tong thé.

_ Cac 16p duogc két ndi day di : VGGNet c6 ba 16p duoc két ndi day du.
Trong s ba 16p, hai 16p dau tién c6 4096 kénh, mdi 16p va 16p thit ba co
1000 kénh, 1 kénh cho mdi 16p

224 x224x3 224x224x64

X 1x4096 1x1x 1000

@ convolution+ReLLU
7 max pooling
fully connected+ReLU

1 softmax

Hinh 2.20 M6 hinh kién tric AGG-16
2.5.4 Kién triic Inception ( GoogLeNet)

Kién triic Inception lan dau tién duoc cac nha nghién ciru tai google gidi
thiéu vao nam 2014 nhu mot giai phap cho van dé han ché tai nguyén tinh toan
cho mang luéi than kinh sau. Kién tric Inceptron ban dau con dugc goi la
GoogLeNet, duoc thiét ké dé cai thién hiéu qua ctia mang ludi than kinh sau

bang cach giam s6 lugng tham s6 ma khong lam giam do chinh xac.

Kién truc Inception két hop song song cac bo loc tich chap 1x1, 3x3, va

5x5 d@é trich xuat cac dac diém tur hinh anh dau vao & cac ti 1€ khac nhau. Pau
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ra ctia mdi bo loc sau d6 duge ndi va chuyén sang 16p tiép theo, noi qua trinh
duogc 1ap lai. Cach tiép can nay cho phép mang nam bit duoc cac dic diém cuc
bd va toan cuc cia hinh anh dau vao dong thoi giam thiéu sé lugng tham sd.
Ké tir khi duoc gidi thiéu, kién trac Inception da trai qua nhiéu lan stra d6i va
cai tién. Vao nam 2015, cac nha nghién ctru da gidi thiéu kién triic Inception —
v2 thay thé cac bd loc tich chap 5x5 béng hai b6 loc 3x3 nbi tiép, tao ra mot
kién trac hiéu qua hon voi it tham sé hon

reduce channel depth

DepthConcat

Conv Conv Conv Conv
1x1+1(S) 3x3+1(S) 5x5+1(S) Ix1+1(S)

Conv Conv MaxPool
1x1+1(S) 1x1+1(S) 3x3+1(S)

Prev Activations

Hinh 2.21 M6 hinh dang cell ctia kién trac Inception
Niam 2016, kién tric Inception-v3 da dugc gidi thiéu, két hop véi mot s6
cai tién bao gém chuén hoa hang loat va giam cac bo loc dugc st dung trong
mdi 16p. Kién trac nay da dat dugc hiéu sudt tién tién trén bo dit lidu ImageNet,

mot chuan muc cho cac tdc vu phan loai hinh anh.

Gan day, kién tric Inception —v4 di duoc gidi thiéu, cai tién hon nira
kién trac Inception-v3 bang cach két hop cac két ndi con lai, gibng nhu cac két
ndi duoc st dung trong kién tric ResNet. Kién tric nay tham chi con dat duogc
hiéu suat tot hon trén tap dir liéu ImageNet, dong thoi hiéu qua hon cac phién
ban trude cua kién trac Inception. Kién trac khoi dau di tac dong dang ké dén
thi gidc may tinh va hoc sau vé mat hiéu qua va hiéu suét ctia no dbi véi cac
nhiém vu phan loai hinh anh dﬁy thach thirc. Su phat trién cua né theo thoi gian

da dan dén cac phién ban kién truc ngay cang hiéu qua va hiéu qua véi phién
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ban moi nhat két hop voi mot sd ki thuat tién tién nhat trong nghién ctru hoc

sau.

Dudi day 1a kién trac mang Inception, mang duoc xay dung tir viéc ghép
cac inception cell lai voi nhau

B convolution

I max pooling

I channel concatenation
0 channel-wise normalization

: . fully-connected:layer:

softmax

Inception cell ﬁ H H final output
' a1 1 Aaayaadipggiggie
e iy i A et e el wr e
tiag iy gyl gy gy H
~HATHA i T .
E ﬁ B ﬁ E 'a m 1 auxiliary loss
auxiliary loss

Hinh 2.22 M6 hinh kién trac Inception

Inception c6 mot dac diém kha hay 1 ¢6 thém 2 output phu. Ngudi ta tin
rang hai output phu nay khong qua anh huong t6i chat lugng ctia mang trong
khi train nhiing epoch dau. N6 giup cho viéc train dién ra nhanh hon khi téi uu
nhing layer dau dua vao cac output phu (trong nhitng epoch dau).Cé thé nghi
don gian rang trong nhimg epoch dau, cac layer cang gan cudi cang it duoc toi
ru ngay, do d6 chua can thiét phai t6i wu ngay. Sau mot thoi gian t6i wu cac
layer dau roi méi toi uu céc layer tiép theo dua vao final input. Viéc nay cai

thién kha ning tinh toan va téc do train kha nhiéu.

Hién nay, Inception lién tuc duoc cai tién va da cho ra nhiéu phién ban,
Inception V1 ( 5 triéu tham s6 ), Inception V3 ( 23 triéu tham sd ), Inception
V4,

Ngoai ra con c6 nhimg kién tric ResNet-50 (2015), sir dung két nbi tat
dé anh xa cac dau vao tir nhimng layer truéc d6 t6i nhiing layer sau. La kién trac
mang rat sdu nhung c6 sd tham s6 nho hon nho ké thira nhing ki thuat tir

GoogLeNet. Kién tric mang DenseNet ( 2016 ), 12 budc phat trién tiép theo ctia
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ResNet khi ké thira kién trac khéi va phat trién két ndi tit theo mot mang ludi
day dac.

Trén day 1a diém qua mot s mang CNN phd bién duoc sir dung trong
bai toan Image Classification. Trong thuc té, viéc st dung két hop nhiéu

phuong phap khac nhau thuong s& cho hiéu qua tét hon.

2.5.2 Kién tric U-Net

input
image (»|» > >
tile

output
segmentation
map

- [

1
’H"@ | I;|’[:]’D =»conv 3x3, ReLU
_

copy and crop

..D..D DD.D # max pool 2x2

4 up-conv 2x2
=» conv 1x1

Hinh 2.23 Kién triic mo hinh U-Net

Kién trac mang bao gdm contracting path ( bén trai ) va expansive path

L B

( bén phai). Trong do, contracting path tuan theo kién triic dién hinh cua
convolutional network. Bao gdm viéc lap lai 2 1an céc 16p tich chap 3x3 khong
padding, theo sau la ham ReL.U ( rectified linear unit ) va mdt 16p max pooling

2x2 véi stride =2 dé downsampling.

Véi mbi 1an downsampling, ta nhan doi s6 luong feature channels. Tom
lai, contracting path bao gém convolutional layers va max pooling layers dé
downsample input image va trich xuat features. V& expansive path, mdi budc
bao gdm upampling feature map véi 16p tich chap 2x2, giam nira sé luong
feature channels va ndi voi cropped feature map tuong tng tlr contracting path,
2 16p tich chap 3x3 theo sau boi ham ReLU. Cropping 1a can thiét do sy mat

mat cac pixels bién ( border pixel ) qua mdi 1an tich chap.
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Ngoai ra, cac “ skip connections” lién két véi cac layer twong tng véi
contracting path cho phép tich hop thong tin tir hinh anh dau vao mo hinh, ting
d6 chinh xac ctia segmetation map. Layer cudi cung sir dung conv 1x1 ap dung
softmax dé cho ra output x4c suét pixrl x roi vao class k. Tom lai, expansive
bao gém cac 16p tich chap va cac 16p upsampling, upsample feature maps tir
contracting path va két hop chiing vé6i feature tir anh dau vao dé tao ra ban do

phan loai cudi cung.

Trong hinh minh hoa, md hinh c6 23 16p tich chap va mo hinh U-Net
hoat dong bang cach trich xuét cac tinh ning tir hinh anh dau vao va st dung
contracting path, két hop cac features ndy vdi cac tinh nang tir anh dau vao sir
dung expanding path va skip connections, va tao ra ban d6 phan doan cudi ciing

bang cach st dung cac 16p tich chap & expanding path.
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CHUONG 3: UNG DUNG CNN CHO PHAN POAN NGU NGHIA
3.1 Moi truwong va cai dat
3.1.1 Google colad
- Google Colab voi T4 GPU

- Python 3

Google Colab 1a mot phién ban luu trit trén dam may gidng véi Jupyter
Notebook do Google Research phat trién. Bang cach sir dung Google Colab, ta
khong can cai dit va nang cap phan cing mdy tinh ca nhan ma van c6 thé xir Iy

cac cong viée ning vé CPU/GPU trong Python. Colab cung cip mién phi quyén

truy cap vao cac ha tang dién toan dam may nhu bo luu trix, bd nhd, GPU, CPU
va TPU.

Free! Cloud Server

@ TPU & GPU +
@ GOogle Tensor

ar

Hinh 3.1 GoogleColab

Uu diém:

~ Mién phi va dé str dung: Colab 12 mot dich vu mién phi, giup ngudi dung
c6 thé thyuc hién cac du an may hoc ma khong can phai lo 1§ng vé viéc cai
dat va quan 1y moi truong lam viéc.

- Tich hop véi Google Drive: Colab tich hop chat ché véi Google Drive,

gitp luu trir va chia sé dé dang du an cua ban.
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~ GPU va TPU hd trg: Colab cung cap truy cdp vao GPU (Graphics
Processing Unit) va TPU (Tensor Processing Unit) mién phi, gitip gia ting

toc d huan luyén mo hinh machine learning.

_ Thu vién va frameworks d3 duoc cai dat: Nhiéu thu vién va frameworks
phd bién nhu TensorFlow, PyTorch, va OpenCV da dugc cai sin, gitp
giam baot budc dau cai dat moi truong lam viéc.

~ Hé tro jupyter notebook: Colab str dung dinh dang Jupyter Notebook, giup

ngudi dung tao, chia sé va luu trit d& dang cac tép notebook ctia minh.
Nhuoc diém:
~ Giéi han tai nguyén: Nguoi dung mién phi c¢é gidi han thoi gian st dung
GPU va TPU, va khong thé st dung cac GPU hang doi dé giam thoi gian

cho doi.

- Khong dam bao 6n dinh va duy tri dai han: Do 1a dich vu mién phi, khong
¢ sy dam bao vé sy dn dinh va tinh kha dung so véi dich vu tra phi
3.1.2 Cai dat moéi trwong Google Colab
Huéan luyén (hay con goi 1a train) mot mo hinh Deep Learning, can xtr Iy
luong phép tinh 16n hon nhiéu so vdi cac md hinh Machine Learning khac. Dé
cai thién téc do tinh toan, ngudi ta dung GPU (Graphics Processing Unit) thay
cho CPU (Central Processing Unit) vi voi 1 GPU cho phép xtr 1y nhiéu phép
tinh song song v&i rat nhiéu core s& nhanh hon nhiéu so véi CPU. Tuy nhién
gia ciia GPU thi kha dat dé dé mua hodc thué server cd6 GPU. Thé nén Google
d3 cung cip Google Colab mién phi c6 GPU dé chay code python (deep

learning) cho muc dich nghién ctru.

Sau khi dang nhap tai khoan Google, tao notebook thong qua trang web
ctia Google Colab, thay doi tir CPU sang GPU théng qua Runtime — Change
runtime type — T4 GPU — Save.
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3.1.3 Cac thu vién sir dung

OS: La thu vién dé thao tac tép va thu muc.

Numpy va Pandas: La thu vién quan trong trong xur 1y dit li€u va tinh
toan s6 hoc. Numpy hd tro cac phép toan sd hoc trén mang, pandas duoc sir

dung dé 1am viéc véi dir liéu dang bang (DataFrame).

Matplotlib: La thu vién truc quan hoa dir liéu. Matplotlib thuong duoc

str dung cho cac biéu d6 co ban.
CV2: La thu vién xu 1y hinh anh cua OpenCV.
PIL: La thu vién xur Iy hinh anh cta Python.

TensorFlow / Keras: La cac thu vién ma nguéon m¢é dugce phat trién boi

Google, duogc str dung dé xdy dung cac mé hinh hoc may va mang no-ron.

Sequential: La mot trong cac phuong thiec tir keras dé xay dyng mo hinh.

Sequential duogc st dung dé xay dung mé hinh theo kiéu tuan tu.

ImageDataGenerator: La mdt phuong phap trong keras giip tao ra céac
bién thé cta anh tir dir liéu huan luyén, giup ting cudng hinh anh (Image

augmentation) va tranh overfitting.

Conv2D, MaxPooling2D, BatchNormalization, Dense,DropQOut, Flatten:

La cac 10p lién quan dén viéc xay dyng mang CNN.

ReduceLROnPlateau / EarlyStopping: La cac “Callback”. Callback
trong Keras la cac ham co thé thuc hién cac hanh dong cu thé tai céc giai doan
khac nhau trong qua trinh huan luyén. Néu hiéu suat ciia model khong cai thién,
ban c6 thé giam ty 1€ hoc hodc dung huén luyén sém dé tranh overfitting.

3.2 Lua chon m6 hinh thir nghiém

Khi so sanh vé s6 luong tham s cling nhu do phirc tap cai dit gitta cac
phuong phap, d6 an chon cai dat thir nghiém trén moé hinh U-Net (trinh bay
trong phan 2.5.5)
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Hinh 2.25 Kién trac mé hinh U-Net
3.2.1 Xay dung tap dir li€u thir nghiém

e — >

Bo dit lidu duoc sir dung duoc lay tir Cambridge-driving Labeled Video
Database (CamVid) gom 700 anh c6 cac nhan ngir nghia vé 16p ddi tuong, kém
theo dit liéu mo ta chi tiét. Co sé dir liéu cung cap nhan ding cho timg pixel,
lién két voi mot trong 32 16p ngit nghia.

Co so dit liéu nay dap Gmg nhu cau vé dit liéu thuc nghiém dé danh gia
mot cach dinh luong cac thuat toan lién quan dén phan doan ngit nghia. Dit liéu
nay dugc thu tir goc nhin ciia mot chiée 6 to dang di chuyén. Tinh hudng lai xe
tang cuong sb luong va da dang cua cac 16p dbi tuong duoc quan sat. Tap dir
liéu 3 phan:

~ Dit liéu cho budc huan luyén: 300 anh (150 anh gdc va kém theo 150 anh
dugc gan nhan)

_ Dit liéu cho buédc danh gia: 100 anh (100 anh gbc va kém theo 100 anh
dugc gan nhan)

_ 231 anh cho budc kiém thtr (231 anh gdc va kém theo 231 anh duoc gan
nhan)

Hinh sau minh hoa mét s anh trong tap huén luyén
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3.2 Anh gbc
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3.3 Anh dugc gan nhin

image_labels image image_label

100
150
200

250

o

100 200 0 100 200 100 200

image_labels image_label

100

150

200

250

o

0 100 200 0 100 200 100 200

image_label

image_labels

100

150

200

250

0 100 200 0 100 200 0 100 200

3.4 Mot sb cap anh cung nhan
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Tap dit liéu thir nghiém co6 dac diém mdi anh chira cac hinh anh cta thanh
phé tor gbc nhin ciia mdt 6 t6. Tap huin luyén 1a tap dir li¢u dugc st dung dé
huén luyén md hinh. Tap danh gia va kiém thtr bao gdm céac anh khong tring

v6i anh trong tap huan luyén.

Tién xir 1y anh dau vao: Dit liéu dua vao hudn luyén 13 2 tap anh train va
train_labels, trong d6 train 1a tap anh dau vao, train_labels 13 tdp nhin. Anh
ban diu sé& c6 kich thude 960x720, nén dé thuan loi trong qua trinh huin luyén

va so sanh véi tap nhén thi cac anh s& dugc thay doi kich thude xudng 256x256.

3.2.2 Buéc huén luyén va luu méd hinh
B§ tham sé khéi dau: Trong md hinh thir nghiém nay, do an st dung bo
tham s6 khai dau ciia mang U-Net dugc ding trong huan luyén mang cho bai
toan phan loai.

def GiveMeUnet (inputImage, numFilters = 16, droupouts = 0.1,
doBatchNorm = True) :
# Pinh nghia phadn encoder

cl = Conv2dBlock (inputImage, numFilters * 1, kernelSize = 3,
doBatchNorm = doBatchNorm)
pl = tf.keras.layers.MaxPooling2D((2,2)) (cl)

pl tf.keras.layers.Dropout (droupouts) (pl)

c2 = Conv2dBlock(pl, numFilters * 2, kernelSize = 3, doBatchNorm
= doBatchNorm)

p2 = tf.keras.layers.MaxPooling2D((2,2)) (c2)

P2

tf.keras.layers.Dropout (droupouts) (p2)

c3 = Conv2dBlock (p2, numFilters * 4, kernelSize = 3, doBatchNorm
= doBatchNorm)

p3 = tf.keras.layers.MaxPooling2D((2,2)) (c3)

P3

tf.keras.layers.Dropout (droupouts) (p3)

c4 = Conv2dBlock (p3, numFilters * 8, kernelSize = 3, doBatchNorm
= doBatchNorm)
p4 = tf.keras.layers.MaxPooling2D((2,2)) (c4)

p4

tf.keras.layers.Dropout (droupouts) (p4)

c5 = Conv2dBlock (p4, numFilters * 16, kernelSize = 3, doBatchNorm
= doBatchNorm)

# Pinh nghia phidn decoder
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u6 = tf.keras.layers.Conv2DTranspose (numFilters*8, (3, 3),

strides = (2, 2), padding = 'same') (c5)

u6 = tf.keras.layers.concatenate ([u6, c4])

u6 = tf.keras.layers.Dropout (droupouts) (u6)

co = Conv2dBlock(u6, numFilters * 8, kernelSize = 3, doBatchNorm
= doBatchNorm)

u7 = tf.keras.layers.Conv2DTranspose (numFilters*4, (3, 3),
strides = (2, 2), padding = 'same') (co6)

u7 = tf.keras.layers.concatenate ([u7, c3])

u’7 = tf.keras.layers.Dropout (droupouts) (u7)

c7 = Conv2dBlock(u7, numFilters * 4, kernelSize = 3, doBatchNorm
= doBatchNorm)

u8 = tf.keras.layers.Conv2DTranspose (numFilters*2, (3, 3),
strides = (2, 2), padding = 'same') (c7)

u8 = tf.keras.layers.concatenate ([u8, c2])

u8 = tf.keras.layers.Dropout (droupouts) (u8)

c8 = Conv2dBlock (u8, numFilters * 2, kernelSize = 3, doBatchNorm
= doBatchNorm)

u9 = tf.keras.layers.Conv2DTranspose (numFilters*1, (3, 3),
strides = (2, 2), padding = 'same') (c8)

u9 = tf.keras.layers.concatenate([u9, cl])

u9 = tf.keras.layers.Dropout (droupouts) (u9)

c9 = Conv2dBlock (u9, numFilters * 1, kernelSize = 3, doBatchNorm
= doBatchNorm)

output = tf.keras.layers.Conv2D(3, (1, 1), activation
'sigmoid"') (c9)

model = tf.keras.Model (inputs = [inputImage], outputs = [output])

return model

Céc tham sd cho md hinh

#Cac tham sb

num_ epochs=10

batch=32

1 rate=0.01

# Pau vao cua mé hinh

inputs = tf.keras.layers.Input((256, 256, 3))
myTransformer = GiveMeUnet (inputs, droupouts=0.07)

#Tham sb cho téi uu

optimizer = tf.keras.optimizers.Adam(learning rate=1 rate)

# Birn dich mé hinh

myTransformer.compile (optimizer='Adam', loss='binary crossentropy',
metrics=['accuracy'])
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Phwong phdp hoc: St dung thuat toan t6i vu hda Adam dé diéu chinh
trong s ctia mo hinh dya trén d6 dbc cua ham mat mat. Thuét toan Adam 1a
mot phuong phéap tdi vu héa gradient dua trén sy két hop cta hai k¥ thuat:
Momentum (dong lugng) va RMSprop (Root Mean Square Propagation).

Huéan luyén va luu moé hinh

retVal = myTransformer.fit (

np.array (framObjTrain['img']),

np.array (framObjTrain['mask']),

epochs=num epochs,

batch size=batch,

validation data=(np.array(framObjValidation['img']),
np.array (framObjValidation['mask'])), # Add validation data

verbose=1 # Set verbose to 1 to see training progress

)

myTransformer.save ("/content/drive/MyDrive/CamvVid/model.h5")
3.3 Danh gia mo hinh

M6 hinh dugc danh gia st dung phuong thirc evaluate ctia mo hinh duogc
xdy dung trong thu vién Keras cia tensorflow. Keras ty dong thuc hién tinh
toan dg chinh xac trong qua trinh 13p huén luyén, cung cép mot cach thuan tién
dé theo ddi va danh gia hiéu suat ctia mo hinh trén ca tap dir liéu huin luyén va
kiém tra cho cac nhiém vu phan loai nhi phan nhu phan doan hinh anh.

Gia tri ham 13i trén bo dit liéu huan luyén va danh gia giam va duy tri 6n
dinh trong qua trinh huan luyén, tuy nhién sd epoch con han ché, do dé gia tri
loss ¢6 thé giam hon nita néu tang s6 epoch.

#Danh gia do chinh xac cia mo hinﬂ
loss,acc=model.evaluate(np.array(framObjValidation["'img']),
np.array(framObjValidation[ 'mask']),batch_size=32, verbose=0)

print('The accuracy of the model for testing data is:',acc*180)

print('The Loss of the model for testing data is:',loss)
The accuracy of the model for testing data is: 73.97396564483643
The Loss of the model for testing data is: 8.5288674831398381
Két qua: Bo tham s6 huan luyén trén moé hinh U-Net thu duoc két qua do
chinh xéc 1a 73,97%. Ty 1€ nay chua that su tot trén bo dir 1iéu danh gid do su

han ché vé mat cau hinh va s6 lugng dir 1iéu huan luyén.
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3.4 Mot so két qua thir nghiém
3.4.1 Két qua kiém thir trong tap dir liéu test
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3.6 Két qua test 2

3.4.2 Kiém thir trén mdt dnh

# Du dodn 1 anh bat ky
imgPath = '/content/drive/MyDrive/CamVid/train/0016E5 01230.png’
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shape=256
framObjTrain single = {'img' : [],
'mask' : []
}

img = plt.imread (imgPath)
img = cv2.resize(img, (shape, shape))
framObjTrain single['img'].append (img)
img = framObjTrain single['img']
imgProc =np.array(img[0:1])
predictionsl = model.predict (imgProc)
for i in range(len(predictionsl)) :

predictionsl[i] =

cv2.merge ( (predictionsl[i,:,:,0],predictionsl[i, :

08087210 )

plt.subplot(1l,2,1)
plt.imshow (img[0])
plt.title('image')
plt.subplot(l,2,2)
plt.imshow (predictionsl1[0])
plt.title('Predicted-image"')

; i, 1],predictionsl[i

—I‘v 1/1 [==============================] - @s 172m5/5tEP
Text(e.5, 1.9, 'Predicted-image’)
image Predicted-image
0 0

100

150

0 100 200 0

Hinh 3.7 Két qua test 1 anh riéng
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KET LUAN
Thong qua dd 4n tot nghiép v4i dé tai “Phan doan ngit nghia sir dung
mang no-ron tich chdp” em da c6 dugc mat s6 két qua va c6 mot s6 han ché

nhu sau:
Két qua dat duoc:
~ Tim hiéu téng quan vé Machine learning va Deep learning.

~ Tim hiéu vé ngdn ngit 1ap trinh Python, chuong trinh chay phu tro

TensorFlow.
~ Tim hiéu vé mang CNN, bai toan phan doan anh nghir nghia
- Xay dung mo hinh CNN g dung trong phan doan ngir nghia
- Panh gia d6 chinh xac ctia mo6 hinh.
- Tht nghiém m6 hinh phan doan ngir nghia
Mot sb han ché:

_ S6 lugng anh huan luyén con it, bén canh d6 s6 l1an lip trong qua trinh
huin luyén bi gidi han do nang lyc tinh toan cua may tinh han ché khong

dap tmg duoc. Do vay do chinh xac con thap.

- Mo chi dung lai thir nghiém xay dung mo hinh UNET don gian, chua so
thir nghiém va sanh voi cac mo hinh hién dai dé tim ra mé hinh phu hop
nhat cho tap dit liéu nay.

Hudng phat trién

_ Thir nghiém va dénh gia véi nhiéu kién trac CNN khac nhau dé tim mo
hinh phu hop nhét.

_ Tang s luong anh huan luyén va sir dung may tinh c6 ning lyuc tinh toan

cao hon dé tang do chinh xac ciia mo hinh
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Mic du ¢ gang trong qua trinh thyc hién DPATN dé hoan thién db an
mot cach tot nhat nhung do nang luc, kién thtrc va trinh do con nhiéu han ché
nén em con nhiéu thiét sét. Em rat mong thay c6 c6 thé gitp d& dé em hoan
thién hon. Em d4 ¢ gang trong qua trinh thuc hién DATN dé hoan thién d6 an
mot cach tot nhat nhung do nang luc, kién thtrc va trinh do con nhiéu han ché

nén em coOn nhiéu thiét sot.

Em rat mong thay c6 c6 thé giup d& dé em hoan thién hon
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