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LOI CAM DOAN

T6i cam doan rang nhitng nghién ciru phan loai do tudi cia ngudi bang hinh anh
sur dung mang no ron tich chap la céng trinh nghién ctru cua riéng t6i va chua tirng
dugc nop nhu mot khda luan, luan van hay luan an tai Hoc vién Céng Nghé Buu
Chinh Vién Thong hoic bat ky truong dai hoc khac. Nhiing gi tdi viét ra khéng sao
chép tir cac tai liéu, khdng st dung cac két qua cua nguoi khac ma khong trich dan
cu thé. Néu sai tdi hoan toan chiu trach nhiém theo quy dinh cua Hoc vién Cong Nghé
Buu Chinh Vién Thong.

Tac gia luan van

SOULINSOMPHOU OUPALA



LOI CAM ON

Hoc vién xin chan thanh cam on cac Thay Cd trong Khoa Pao tao Sau Pai hoc
va Khoa Céng nghé théng tin 1, Hoc Vién Céng Nghé Buu Chinh Vién Thong da tao
diéu kién thuan lgi cho hoc vién trong qua trinh hoc tap va nghién cau. Hoc vién dic
biét xin chan thanh cam on TS. Nguyén Dinh Hoa 1 nguoi da truc tiép tan tinh huéng
dan hoc vién hoan thanh luan vin nay.

Trong qué trinh nghién cau va thuc hién dé tai véi quyét thm cao nhung do han
ché vé kinh nghiém va kién thirc ciing nhu vén tiéng viét chua dugc phong phi nén
luan van ctia em chic chan s& khong tranh khoi nhitng thiéu x6t. Em rat mong nhan
dugc y kién dong gop tir quy Thay C6 va cac ban dé dé tai dugc hoan thién hon

Hoc vién xin ch&n thanh cam on cac ban bé da sat canh giap hoc vién c6 duoc
nhitng két qua nhu ngay hom nay.

Xin chan thanh cam on!

Tac gia luan van

SOULINSOMPHOU OUPALA
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MO DPAU

Véi sy phét trién phan cirng manh m& cho phép tinh toan song song hang ti
phép tinh, tao tién dé cho Mang no-ron tich chap tré nén phé bién va dong vai tro
quan trong trong su phat trién cua tri tué nhan tao néi chung va xir ly anh nai riéng.
Mot trong cac tng dung quan trong ctia mang no-ron tich chap do la cho phép cac
may tinh c¢6 kha ning “nhin” va “phan tich” hinh anh. Phan tich dic diém khudn mit
ngudi ludn 12 mét cha dé duoc quan tdm cha yéu do tinh tmg dung cta nd. Hién nay
k¥ thuat Deep Learning 1a k¥ thuat hiéu qua giup phan tich nhitng dic diém dya trén
khudn mit ctia con nguoi. Trong d6 tudi tic va gidi tinh, hai trong s6 cac dic diém
quan trong, déng mot vai tro rit co ban trong cic twong tic x hoi. Mic du cac vai
trd co ban ma cac thudc tinh nay dong gop trong cudc song hang ngay, song kha nang
tu dong udc tinh do tudi chinh x4c va dang tin cdy tir hinh anh khuén mat nguoi van

chua dap ung dugc nhu cu cia cac ing dung thuong mai.

Phén 16n cac doanh nghiép déu dang gip van dé chung d6 1a khong tim duoc

dap an cho cac cau hoi: Lam thé nao dé theo doi hanh vi ctia khach hang theo d6 tudi?

Tir d6 viéc ude tinh do tudi tir mot hinh anh khudn mit ngudi 13 mot nhiém vu
quan trong trong cac ing dung thong minh, nhu kiém soat truy cép, twong tac giita

ngudi véi may tinh, thuc thi phap luat, tri thong minh tiép thi va giam sat truc quan.

Trong luan vin nay em dé xuat xay dung mé hinh kién tr(ic mang no-ron tich
chap dé phan Iop dit liéu hinh anh mit ngudi dé dyu doan ra do tudi cua nguoi do.

Duya vao thyc trang nhu trén két hop véi cac ki thuat khai pha dit liéu da duoc
hoc hoi va nghién ciru dé dua ra dé tai “Nghién citu phéin loai dp tudi ciia nguwoi

bang anh mdt nguwoi sir dung mang no ron tich chip”.
Noi dung cua Luan van dugc xay dung thanh 3 chuong nhu sau:

Chuong 1. Giéi thiéu Tong quan veé Bai toan phan loai do tudi ngudi bang
hinh anh, bao gom tong quan vé vé bai toan phan loai &nh mat nguoi, cac nghién ciru

lién quan va mot ) ung dung thuc té cua bai toan phan loai do tudi bﬁng anh mat



ngudi. Chuong nay ciling trinh bay vé hudng tiép can va giai quyét bai toan theo
phuong phap hoc may va hoc sdu, dua ra nhirng vu nhugc diém trong tirng phuong

phap. Tir nhiing co s& 1y thuyét d6 s& xac dinh 16 huéng giai quyét cua luan an.

Chuong 2. Phén loai d6 tudi cia nguoi bang hinh anh sir dung mang no ron
tich chdp. Trén co sé xac dinh duoc hudng giai quyét cia luan 4n ¢ Chuong 1,
Chuong 2 sé& gidi thiéu vé mang no ron tich chdp va kién trac cia mang nay trong
phuong phap hoc sau. Chuong nay ciing trinh bay vé cac k¥ thuét tién xtr 1y dit liéu

dau vao va viéc xay dung mo hinh huan luyén cho bai toan.

Chuong 3. Cai dat va tht nghiém. Chuong nay gidi thi¢u vé bo dit liéu duoc
sir dung trong bai toan, moi trudng thuc hién va 4p dung mo hinh tét nhat duoc xay

dung & chuwong 2 vao bo dit liéu va danh gia két qua phan loai d6 tudi.



CHUONG 1: TONG QUAN VE BAI TOAN PHAN LOAI PO
TUOI CUA NGUOI BANG HINH ANH

1.1. Giéi thiéu bai toan phan loai dé tudi nguwoi qua hinh anh

1.1.1. Téng quan
Viéc phan tich va trich xuat cac thong tin co thé c6 tir cac anh mit ngudi da
duogc cac nha khoa hoc nghién ciru tir dau nhitng nam 90 cua thé ky trude. Pidu nay
1a do c6 rét nhiéu cac thong tin co ich c6 thé khai thac tir mot birc anh khudén mat, vi
du nhu danh tinh, giéi tinh, d tudi, cam xtc, ct chi tuong tac, dan tdc, tinh trang strc
khoe,... Trong s6 cac thong tin c6 thé suy ra tir anh mat nguoi, do tudi 1a mot thudce
tinh quan trong vi né c6 kha nhiéu tng dung trong thuc té, vi du nhu trong twong tac

ngudi may, trong quang cio c6 dinh huéng, trong thong ké dan sé.

Khuén mat 1a mot ddi tuong trong co thé con nguoi va hinh anh khuén mat
mang rat nhiéu thong tin quan trong nhu: tudi tac, gidi1 tinh, trang thai cam xuc, dan
toc,... Trong do, viéc xac dinh tudi tac va gioi tinh la hét strc quan trong, dac biét
trong giao tiép, ching ta can str dung nhiing tir ngit pht hop véi gidi tinh cia nguoi
nghe vi du trong tiéng Viét chiing ta co: anh/chi, chi/cé... Hay véi nhiéu ngdn ngit
khac nhau trén thé gidi, chang han nhu tiéng Viét thi 10i chao héi danh cho ngudi 16m
tudi khac véi nguoi tré tudi. Do do, viéc xac dinh tudi va gi6i tinh dua trén khudn

mat 13 mot bai toan hét strc quan trong, c¢6 ¥ nghia thyc té to 16n [1].

Bai toan udc luong tudi da dugce quan tm nhiéu trong sudt 20 nim gan day,
d3 c6 rat nhidu cac cong trinh duge cong bd voi nhidu ky thuat khac nhau chang han
nhu: Aging pattErn Subspace (AGES), Gaussian Mixture Models (GMM), Hidden-
Markov-Model (HMM), Support Vector Machines (SVM). Tur khi cac m6 hinh hoc
sau duoc ap dung cho bai toan nay di cai thién déng ké két qua vé mat hiéu suat ciing
nhu téc d6. P9 chinh xac cia mo hinh khi u6c luong tudi dat 62,8% va ddi véi gidi

tinh dat 92,6% [1].



1.1.2. C4c nghién cizu lién quan
Nhiém vu cta bai toan nay la dwa ra udc lugng tudi cia mot ngudi tir bic anh chup
khubn mat cua ho. Bai toan nay dwoc giéi thiéu lan dau tién boi Kwon va Lobo
trong d6, ho st dung phuong phap phat hién va tinh toan ty 1¢ cua cac nép nhin
trén khudon mit dé co thé du doan do tudi va sau d6 noé duoc cai tién bai
Ramanathan va Chellappa [4]. Tuy nhién, phuong phap nay c6 thé phan biét
dugc d6 tudi gitra ngudi 16n va tré em, nhung rat khd ¢ thé phan biét duoc do
tudi gitra nhitng ngudi 16n véi nhau. Mot cach tiép can khac do Geng cling cac cong
su [7] trinh bay la sit dung AGES cho hiéu qua cao hon nhung thuat todn nay
can moét luong 16n hinh anh khuén mit cua timg ngudi va dic biét hinh anh
dau vao nay can phai o chinh giira, mit huéng thiang va dugc can chinh dung kich
thugc. Tuy nhién, trén thuc té thi cac bic anh chup lai rat it khi thoa man diéu kién
nhu vy do d6 cach tiép can nay khong duoc phd hop véi nhiéu tng dung thuc té.
Mot cach tiép can khac dua trén céc thuat toan thong ké da dwoc s dung
nhu GMM va HMM, super-vectors duoc Sir dung dé lam dai dién cho ting
phan cua khudén mat. Trong thap ky qua, khi cac thuat toan hoc may dan duoc cai
tién va dat dugc thanh tuu to 16n dic biét 1a hoc sau, thi mot loat cac céng trinh
nghién ctu vé phan 16p tudi dugc cong bd cho két qua kha quan, c6 thé ké dén
nhu: Eidinger cung cac cong sy da st dung SVM két hop véi dropout cho bai
toan nhan dién tudi va nhan dién gi6i tinh. Nam 2015, GilLevi va Tal Hassner di dua
ra m6 hinh Deep Neural Network dau tién cho bai toan phan Iép tudi va gisi tinh. Sau
do6, Zhu cung cac cong su [7] da xay dung mot mo hinh da nhiém vu cho phep
chiasé va tim hiéu cac tinh niang t6i wu dé cai thién hiéu suat nhan dang.
Nam 2015, dua trén cong nghé nhan dién khuén mat, website how-old.net do
Microsoft xay dung s& dua ra dy doan vé tudi va giGi tinh cia ngudi trong btc hinh.
Face API caa Microsoft sir dung phurong phap hoc may truyén thong dé doan do tuoi.
Pau tién 1a xac dinh khu vire khubn mat. Qué trinh nay chi yéu dua vao viéc ¢6 tim
ra duoc vi tri d6i mat. Sau khi qua trinh nhan dién hoan tat, Face APl mai chia tach

cac vi tri trén khudn mit ra dé xac dinh d6 tudi. Vi du tach ra vj tri cua trong den,



du6i mat, chan may, bd mdi, cac nép nhin... Chwong trinh ciing chay thir mot s6 phép
gia 1ap "tudi gia" bang cach thay d6i mau sic hoic cac duong nét trén khubn mat. T
d6 s& dua ra con s tudi duoc dit phia trén méi khudn mit.

Dich vu doan tudi cua Microsoft hoat dong kha tét trong nhiéu truong hop
nhat dinh nhung ciing khong it 1an cho ra sai s rat Ion. Hau hét két qua tra vé do tudi
khong hoan toan chinh xac. Ly do tht nhit 1a vi nhitng anh ma nguoi dung tai 1&n
khong hién thi day da khudn mat, chi mét phan hodc khéng chup & gdc chinh dién.
Ciing c6 thé do diéu kién anh sang khi chup khdng thé hién chinh xac mau da thyc té
ctia nguoi d6. Chang han tim anh chup trong diéu kién du sang, tuoi cudi thi két qua

c6 thé dung hoac tré hon vai tudi va nguoc lai.

1.2. Khé khan va thach thirc

Dé nhan biét mot vat thé, dong vat hoac mot khuén mat 1a mét viée tuong ddi
dé dang vé&i con ngudi, nhitng chung ta hily xem xét véi goc nhin ciia mot may tinh
hodc mot thuat toan no 1a van dé kha phirc tap. Khd khan va thach thic doi voi bai

toan phan loai do tudi gém co:
Chit lrgng va su da dang cia dir liéu

Dt 1i¢u hinh &nh khuén mat nguo1i co thé bao gém rat nhiéu loai hinh anh khac
nhau phu thudc vao nhiéu diéu kién nhu : ngudn dir liéu, phuong phép thu thap dir
li¢u, cong cu st dung trong vi¢c thu thap v.v. Nén co thé dan dén chat luong ctia bo
dir liéu khong duoc cao, dir liéu bi thiéu sét hoic khong dong déu, dic biét 1a voi dir
liéu hinh anh c6 thé s& c6 nhiing trudng hop nhu anh bi nhiu, mo, thiéu 4nh sang
hodc anh sang qua mirc, dbi tuong trong hinh anh bi che hoic khong chup dung goc
nhin. Nhitng van dé nay déu anh huong dén chat lwong va kha nang phan 16p ctia mo

hinh. Vi du cac van dé c6 thé gip phai trong cac bai toan phan loai anh [3]:

Goc nhin da dang: Mot vat thé c6 thé duoc chup lai véi vi tri chup khac nhau

dan dén c6 nhi€u goc nhin khac nhau.



Bién ddi vé ty 18: Ty 18, kich thudc ctia ddi tegng c6 thé thay doi tiy theo goc
chup gan hay xa, kich thudc ctia d6i tugng trong birc anh cling nhé hon rat nhiéu kich

thudc cua dbi twong trong thé gidi thuc.

Bién dang: Mot s6 dbi twong c6 nhitng tu thé, hanh dong dic biét ma bang
mat thudng ching ta ciing kho ¢ thé nhan dang dbi tugng d6. Do d6 khi c6 nhiing
btrc anh bién dang cua d6i trong lam dau vao trong qué trinh hudn luyén mé hinh
cling s& gap nhiéu kho khin. Ngoai ra, c6 nhitng birc anh chiing ta chi nhin thiy mot
phﬁn nho cua ddi tuong, diéu nay cling lam cho kha ndng nhan dang ddi tuong bi han

ché.

Dicu kién chiéu sang: Cac doi tugng trong bic anh cling bi anh hudng boi
diéu kién chiéu sang. Cac doi tugng can quan tam co6 thé bi hoa tron vao moi truong

ctia chiing khién chung kho xac dinh.
Dir liéu mat can bang (Imbalanced Data)

Bo dir liéu mét can bang (Imbalanced dataset) 1a tap dit lidu co ty 1& cia sb
mau cla tung nhan phan loai khong béng nhau. Vi dy, mdt tap dir liéu véi cac bo dir
liéu y té ma phai phat hién mot s6 bénh thudng s& c6 nhiéu mau am tinh hon mau

duong tinh, vi du: 98% hinh anh khong c6 bénh va 2% hinh anh bi bénh.

Mo hinh duoc tao bé“mg cach su dung dir li¢u mét can béng 6 thé nguy hiém.
Hay tuong tuong dir liéu dao tao cua chiing ta 1a dit liéu dugc minh hoa trong biéu
dd & trén. Néu d6 chinh xac duoc su dung dé do luong do tdt cia mo hinh, mo hinh
phan loai tit ca cac mau thir thanh “0” s& c6 do chinh xac tuyét voi (99,8%), nhung

ré rang, md hinh nay s& khong cung cap bat ky thong tin gi4 tri ndo cho chiing ta.
Hiéu ning may tinh sir dung trong qua trinh huén luyén mé hinh

V&i mot s6 bai toan dé dua ra duge md hinh c6 kha niang phan loai hoic du
doan c6 d6 chinh xac cao, dua ra két qué dy dodn nhanh chéng, Tuy nhién, dé dat

duoc hiéu suit cao thi cac mé hinh thuong duoc xay dung cang phic tap véi s6 luong



tham sb 16n (tir 10 triéu dén hon 100 triéu tham s6), do d6 gay kho khin trong van dé
nhin dang trong thoi gian thuc va tai do dan dén vén dé hiéu nang may tinh va chi

phi tinh toan ctia may tinh (Computational cost) khi xay dung va 4p dung mo hinh.

1.3.  Huwéng tiép can va giai quyét bai toan
Phuong phap giai quyét bai toan nay cé thé duoc phan Iam hai loai phuong

phap hoc, 1a Phuong phap hoc may truyén thong va Phuong phap hoc sau.

1.3.1. Phwong phdp hoc may truyén théng

Machine Learning la mét linh vuc nho cua Khoa Hoc May Tinh, n6 c6 kha
nang tu hoc hoi dua trén di liéu dwa vao ma khong can phai duoc Iap trinh cy thé.
C6 thé hoc hoi va tu sira d6i ma khong can su can thiép cua con ngudi dé tao ra dau
ra mong mudn - bang céch tu cung cip théng qua dix liéu cd cau tric.

Machine learning theo dinh nghia co ban 12 ung dung cac thuat toan dé phan
tich ct phap dit liéu, hoc hoi tir nd, va sau dé thuc hién mot quyét dinh hoic du doan
Vvé c4c van dé cd lién quan. Vi vay, thay vi code phan mém bang céach thac thu cong
v6i mot bo hudng dan cu thé dé hoan thanh mot nhiém vu cu thé, may duogc “dao tao”
bang cach sir dung mot lugng I6n dix liéu va céc thuat toan cho phép n6 hoc cach thyuc
hién cac tac vu.

Machine learning bat nguén tir cac dinh nghia vé Al ban dau, va cac phuong
phap tiép can thuat toan qua nhiéu nim bao gom: logic programming, clustering,
reinforcement learning, and Bayesian networks. Nhu ching ta dd biét, khong ai dat
duoc muc tiéu cudi clng caa General Al, va tham chi ca Narrow Al hau hét 1a ngoai
tam vai nhitng phuong phap tiép can Machine learning so khai.

Trong mé hinh hoc may truyén thdng budc trich xuét dic trung cua dit liu
anh huong 16n dén do chinh xéac cia md hinh phan 16p, dé trich xuat dugc dic trung
t6t ching ta can phai phan tich dix liéu kha chi tiét va can ca nhitng kién thirc chuyén

gia trong tirng mién ung dung cu thé.



1.3.2. Phwong phdp hoc sau

Hoc sau (Deep Learning) hay viét tit DL 1a mot thuat toan dua trén mot sd v
tudng tir ndo bo toi viée tiép thu nhidu tang biéu dat, ca cu thé 13n triru twong, qua dé
lam rd nghia cua cac loai dir liéu. DL dwoc trng dung trong nhan dién hinh anh, nhan
dién giong noi, xtr 1y ngdn ngit ty nhién Hién nay rat nhidu cic bai toan nhan dang
str dung DL dé giai quyét do DL c6 thé giai quyét cac bai toan véi sb lugng 10n, kich
thude ddu vao 16n vé6i hidu ning ciing nhu d6 chinh xac vuot troi so véi cac phuong

phap phén 16p truyén thng.

Nhitng nam gan ddy, khi ma kha ning tinh toan ctia cic may tinh duoc nang
lén mot tam cao méi va luong dit lidu khong 16 dugc thu thap bai cac hang cong nghé
|6n, Machine Learning da tién thém mét budc dai va mét linh vuc méi duge ra doi
goi la DL (Hoc Sau). DL da gitp may tinh thuc thi nhiing viéc tuéng ching nhu
khong thé vao 10 nam trudc: phan loai ca ngan vat thé khac nhau trong cac bic anh,
tur tao chd thich cho anh, bét chudc giong noi va chir viét ciia con nguoi, giao tiép voi

con nguoi, hay tham chi ca sang tac van hay am nhac [17].

] oKect

Input Trich chon d&c trung Phan 16p Output

Deep Learning

= o 3

Input Trich chon dac trung + Phanldp Output

Hinh 1.1 So sanh phwong phdp hoc may véi phwong phdp hoc sau [17]
Hinh 1.1 cho thiy su twong quan giira hoc sdu véi cac hé théng hoc o dién va
dua trén luat. Véi cac hé théng hoc dua trén luat thi céc luat va dic trung duoc rat

trich thu cdng. Vai cac hé thong hoc ¢6 dién, vi du nhu hoc cdy quyét dinh, cac dic



trung duoc trich tha cdng, md hinh hoc 12 tu dong. Hoc sau duoc xem 1a mot phan
cua hoc biéu dién (representation learning) voi dic trung va mé hinh hoc déu ty dong,
nhung cac dic trung duoc hoc bing nhiéu ting hoc khac nhau.

Hién nay cac md hinh hoc sau (Deep Learning) tiéu biéu nhu mé hinh mang
no-ron tich chap (Convolutional Neural Networks - CNN) dugc trng dung thanh cng
trong bai todn phan 16p anh, vin ban, nhan dang tiéng noi. Uu diém caa cac mo hinh
hoc sau 1 ty dong hoc cac dic trung cta dir kiéu dé thiét 1ap cac dic trung méi va
phan I6p di ligu.

Convolutional Neural Network (CNN — Mang no-ron tich chap) 1a mot trong
nhitng mo hinh DL tién tién gidp cho ching ta xay dung dugc nhitng hé théng théng
minh véi d6 chinh xac cao nhu hién nay. Cac sé lugng tham sé duoc st dung trong
mang CNN duoc chizng minh 12 nho hon rat nhiéu so véi mang no ron nhén tao thong
thuong va hiéu qua mang lai thuong 13 cao hon nhiéu so véi cac phuong phép trude
d6. Trong luan vin cao hoc nay, em di vao nghién ctu V& mang no ron tich chép ciing
nhu y tuéng cua mo hinh CNN trong phan I6p anh (Image Classification), va ap dung

trong viéc xay dung md hinh phan loai do tudi ngudi bang hinh anh.

1.4. Két chwong
Trong chuong I, luin vin d4 trinh bay tong quan vé bai toan phan loai d6 tudi
qua anh mat nguoi, nhitng tng dung ctia bai toan trong thuc té va hudng tiép can giai

quyét bai toan dya trén phuwong phap hoc siu sir dung mang no ron tich chap CNN.
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CHUONG 2: PHAN LOAI PO TUOI CUA NGUOI BANG
HINH ANH SU DUNG MANG NO RON TiCH CHAP

2.1.  Giéi thiéu vé mang no ron tich chap

CNN la mét trong nhitng md hinh DL tién tién gitp cho chung ta xay dung
duoc nhitng hé thong thong minh véi do chinh xac cao nhu hién nay. CNN duoc 1y
cam himg tir vo ndo thi gidc ctia con ngudi, mdi khi chung ta nhin thiy mot vat nao
do, mot loai cac 16p té bao than kinh dugc kich hoat, va mdi 16p s& phat hién ra mdt
dac trung ctua do vat do (hinh dang, kich thudc, mau sic, .. .). Lép than kinh ma nhan
dang dugc cang nhiéu dic diém cuia d6 vat thi viéc nhan dang hoac phan loai dd vat

d6 d6i voi con nguoi s& tré nén dé dang hon [10].

Y tudng dang sau cia mang no ron tich chap la né thuc hién qua trinh trich loc
hinh anh trude khi dua vao qua trinh huan luyén, sau qua trinh trich loc thi ching ta
s€ nhan duoc cac dac trung trong hinh anh do, va tir cac dac trung do chung ta co thé
phat hién ra nhirng gi minh muén trong hinh anh do.

So v&i cac thudt todn phan loai hinh anh khac, mang no ron tich chép sir dung
qua trinh tién xir ly tdi thiéu, nghia la mang hoc céac b loc thuong dugce thiét ké béng
tay trong cac hé théng khac. B&i vi CNN hoat dong véi su doc 14p nhu vay khoi nd

luc cua con nguodi, chung mang lai nhiéu loi thé hon céc thuat toan khac.

Muc dich ctia CNN 13 giam hinh 4nh thanh mot hinh thic dé xur Iy hon va
khong mét di cac chi tiét hodc tinh ning quan trong dé hd tro trong viéc dua ra cac
du doan. Diéu nay rat quan trong khi chiing ta thiét ké mé hinh khong chi gioi vé cac

tinh nang hoc tdp ma con xu 1y dugc bo dir liéu 16n.

Trudce khi tim hi€u vé kién truc, mo hinh cua mang no ron tich chap CNN em
s€ trinh bay nhitng khai niém thuong dugc st dung khi lam viéc véi mang no ron

CNN.
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a. Tich chap (Convolutional)
Tich chap duogc sir dung dau tién trong xir 1y tin hiéu sé (Signal processing).
Nho vao nguyén 1y bién dbi thong tin, cac nha khoa hoc di 4p dung ki thuét ndy vao
xur ly anh va video s6. Bé d& hinh dung, ta co thé xem tich chap nho; mdt cura s6 truot
(sliding window) ap dit 1én mot ma tran. Ban c6 thé theo ddi co ché cua tich chap

qua hinh minh hoa bén dudi.

L) [l [ I o o)
of1(1|1|0 4|13|4
gl 0,113 2(4|3
0(o,|1/1,/0 23
o[1[1fafo0
g Convolved
Feature

Hinh 2.1 Minh hgc phép toan tich chégp [10]

Ma tran bén trai 1 mot birc anh den tring. Mdi gia trj cia ma tran twong duong
v6i mot diém anh (pixel), 0 1a mau den, 1 12 mau tring (néu 13 anh grayscale thi gia
trj bién thién tir 0 dén 255). Sliding window con c6 tén goi 1a kernel, filter hay feature
detector. O day, ta dung mot ma tran filter 3x3 nhan timg thanh phin twong Ung
(element-wise) v6i ma tran anh bén trai. Gia tri dau ra do tich ciia cac thanh phan nay
cong lai. Két qua cua tich chap 1a mot ma tran (convoled feature) sinh ra tir vi¢c trugt

ma tran filter va thuc hién tich chdp cung lic 1€n toan bd ma tran anh bén trai.
Duéi day 1a mét vai vi du cua phép toan tich chap.

Ta c6 thé 1am mo birc anh ban dau bang cach iy gia tri trung binh cia cac

diém anh xung quanh cho vi tri diém anh trung tam.
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Hinh 2.2 Minh hga phép tich chgp véi bé loc [14]
Ngoai ra, ta c6 thé phat hién bién canh bang cach tinh vi phan (d6 di biét) giita

cac diém anh lan can.

Hinh 2.3 Minh hea phép tich chdp véi bg lgc canh [14]
b. Lép tich chap (Convolutional Layers)
Lép tich chap duoc dung dé phét hién va trich xuat dic trung — chi tiét caa
anh. Giéng nhu cac 16p an khac, 16p tich chap lay dir liéu dau vao, thuc hién cac phép
chuyén ddi dé tao ra dit liéu dau vao cho 16p ké tiép (dau ra cua 16p nay 1a dau vao

cua 16p sau). Phép bién doi duoc sir dung 1a phép tinh tich chap. Mdi 16p tich chap
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chtra mét hodc nhiéu b loc - bo phat hién dic trung (filter - feature detector) cho
phép phat hién va trich xuat nhitng dic trung khac nhau caa anh.

Dic trung anh 12 nhitng chi tiét xuat hién trong anh, tir don gian nhu canh,
hinh khéi, hinh tam giac, chir viét toi phtic tap nhu mat, mit, chd, meo, ban, ghé, xe,
den giao thong. B loc phat hién dac trung cua anh la b loc gilp phat hién va trich
XUit cac dic trung cua anh, c6 thé 1a bo loc goc, canh, dudng chéo, hinh tron, hinh
vuong, V.v.

c. B9 loc (Kernel/Filter)

Do phuc tap cua dac trung duoc phat hién bai bo loc ti 1€ thuan véi d6 sau cua
16p tich chap ma nd thudc vé. Nghia 1a bo loc & 16p tich chap cang sau thi phat hién
cac dic trung cang phic tap. Trong mang CNN, nhitng I6p tich chap dau tién sir dung
bo loc hinh hoc (geometric filters) dé phat hién nhiing dic trung don gian nhu canh
ngang, doc, chéo caa btrc anh. Nhitng 16p tich chap sau d6 duge dung dé phat hién
dbi tuong nho, ban hoan chinh nhu mat, miii, toc, v.v. Nhitng 1p tich chap sau nhat
dung dé phat hién dbi twong hoan hinh nhu: chd, meo, chim, 6 t6, dén giao thong,
V.V.

Muc dich cua viéc tich chap (Convolutional) 1a dé liy ra duoc cac hinh dang
(pattern) trong hinh anh bang cach st dung céac bo loc (Filter/Kernel) [2]. Kernel c6
thé duoc coi 1a tham sb cua mé hinh CNN va duogc str dung dé tinh toén tich chap
(convolve) trén anh. Ching ta cé thé thy thao tac tich chap dugc md ta trong hinh
dudi (Hinh 2.2).
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1 1 1 0 0
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0 0 1 1 1 ® 0 1 0 =
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o 1 1 0 0
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Hinh 2.4 Bg loc W (kernel) [10]
Ta dinh nghia kernel 1a mot ma tran vudng kich thudce k¥k trong d6 k 1a s6 1é.
k cd thé bang 1, 3, 5, 7, 9,... Vi du kernel kich thuéc 3*3

1
W = 0
1

o= 2

1
0
1

Ki hiéu phép tinh tich chap (g), ki hiéu Y = X @ W, Y = X @ W. Vi mdi phan
tir XgijyXij trong ma tran X lay ra mot ma tran co kich thuéc bang kich thuée cua bo
loc W c6 phan tir Xgijy Xij 1am trung tdm (day 1a vi sao kich thudc cia kernel thudng
16) goi 12 ma tran A. Sau d6 tinh tong cac phan tir ciia phép tinh element-wise ciia ma
tran A va ma tran W, rdi viét vao ma tran két qua .

Tuc mdi phan cua image s& duoc nhan tich chap véi kernel dé tao thanh mot
ma tran méi - lam dau vao cho 16p tiép theo. Mot kernel ¢é hai tham s6 can quan tam
dén d6 1a stride va size. Size 1a kich thuéc cia mot kernel (c6 thé 1a kich thudc cua
mét hinh chit nhat bat ki) va stride 1a s6 budc nhay caa kernel. Néu stride bang 1 thi
gan nhu toan bo pixel trén anh s& dugc truot qua va tinh tich chap. Néu stride bang 2
ching ta ct cach 2 pixel lai tinh tich chap maot lan va nhu vy s6 luong pixel cua anh
dau ra bi giam di mot nira so véi stride = 1.

Dé hiéu cach thirc hoat dong cua 16p tich chap ciing nhu phép tinh tich chap,

hay cuing xem vi du vé b loc phat hién canh (edge filters/ detectors) dudi ddy.


https://nttuan8.com/bai-1-linear-regression-va-gradient-descent/#Element-wise_multiplication_matrix
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Vi du vé bd loc canh

Trong vi du nay, CNN duoc str dung dé phan loai tap cac anh viét tay cua cac
s6 tir 00 t6i 99. Pau vao 1a nhitng bt anh tring den (Gray Scale) va duogc biéu dién
boi mot ma tran cac diém anh véi kich thudc ¢d dinh h x wh x w. Lép tich chap dau
tién caa CNN sir dung 44 b6 loc kich thudc 3x33x3: F1F1, F2F2, F3F3, FAF4 vai
gia tri twong tng nhu trong hinh 1. C4c gia tri tai mdi 6 cua cac bo loc ¢ thé duoc

biéu dién boéi mau sic twong wng véi Pen (—1-1), Xam (00), Tring (11) nhu trong

‘1|01 1111
1|01 ojoj|o
1|01 1]-1] -1

™

Hinh 2.5 Céac B¢ lgc canh véi kich thuéc 3 x 3 [10]
Pé minh hoa cho phép nhan chap, ching ta sir dung dau vao la mét birc anh

hinh dudi day.

viét tay cua sd 77, biéu dién dudi dang ma tran 30x2230x22 va ap dung riéng biét
ting bo loc & trén. Phép nhan tich chap dwoc thuc hién bang cach truot ma tran
loc 3x33%3 trén ma tran anh dau vao 32x2232x22 (b loc dich sang phai/ xudng
dudi 11 cot/ hang méi mot lan trugt) cho dén khi né di qua hét tt ca cac ving kich
thugc 3x33x3. Viéc trugt ma tran loc trén ma tran dau vao duoc goi 1a “chap”
(convoling). Nhu minh hoa trong hinh 2, ma tran F1F1 dugc chap véi tung vung
(block - region) diém anh kich thudc 3x33x3 ciia anh dau vao. Tai mdi vi tri di
chuyén ciia ma tran F1F1, gié tri dau ra duoc tinh bang tich chap (dot-product) cua

ma tran F1F1 vai vang bao phu tuong tng.
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Hinh 2.6. Minh hga phép nhan chdp veéi bg loc canh
O dau tién (0, 0) (0, 0) cua ma tran dau ra (gia tri 0.010.01) ra la két qua cua
phép nhan chap giita ma tran F1F1 voi goc trai trén cing ciia ma tran dau vao va

duoc tinh nhu sau:
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Hinh 2.7. Két qud ciia phép tich chdp véi bg loc canh [10]

Tir c4c ma tran dau ra kich thugc 28x2028x20, ching ta thay duoc ca bn bo
loc F1F1, F2F2, F3F3 va F4F4 déu duoc sir dung dé phat hién canh trong buc anh
(thé hién bai nhitng diém anh sang hon) (Hinh 2.8):

F1: Phat hién canh dtrng phai.

F2: Phat hién canh dtrng trai.

F3: Phat hién canh ngang dudi.

F4: Phat hién canh ngang trén.

Hinh 2.8. Vi du vé bg loc canh

Trong budc thyc hién tich chap caa mang con cd thém hai thudc tinh diy la
stride va padding. Stride la khoang céch gitra 2 kernel khi thyc hién quét. Vi stride
=1, kernel s& quét 2 & ngay canh nhau, nhung véi stride = 2, kernel s& quét 6 s6 1 va
6 s6 3. Bo qua & ¢ gitta. Piéu ndy nham tranh viéc 13p lai gia tri & cac 6 di quét.
Ching ta chon thdng sé cua stride va cua kernel cang 16n thi size cua feature map
cang nhd, mot phan 1y do d6 1a boi kernel phai nam hoan toan trong input. C6 mot
cach dé gitr nguyén kich c& cua feature map so véi ban dau. Pay 1a Padding. Khi ta
diéu chinh padding = 1, 1a thém 1 viing diém anh xung quanh vién cta hinh anh dau
vao (Hinh 2.9), muén phan vién xung quanh cang day thi ta can phai ting gia tri

padding Ién.
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Hinh 2.9 Phép tich chdp véi gia tri padding bang 1 [11]
d. Feature map

Tich chap 1a mot khéi quan trong trong CNN. Thuat ngit tich chap duoc dua
trén mot phép hop nhét toan hoc cua hai ham tao thanh ham tht ba. Phép toan nay
két hop hai tap théng tin khac nhau.

Trong trudng hop CNN, tich chap duoc thuc hién trén gia tri dau vao cua dir
licu va bo loc (Kernel/ filter thuat ngir nay duoc st dung khac nhau tuy tinh hubng)
dé tao ra mot ban dd dic trung (feature map) [2].

Ta thyc hién phép tich chap bang cach truot bo loc theo dir liéu dau vao. Tai
mdi Vi tri, ta tién hanh phép nhan ma tran va tinh téng céc gié tri dé dua vao ban d6
dac trung.

Trong hinh dudi day, thanh phan bo loc (mau xanh 14) truot trén dau vao (mau
xanh duong) va két qua duoc tra vé ban d6 dic trung (mau do). B loc 6 kich thude

la 3%3 trong vi du nay.

1x1|1x0 | Ix1 | O 0

0x0 [ 1x1 | 1x0| 1 0 4

0 1 1 1 0 413 )| 4
Ox1[0x0|1x1| 1 1

0 [Ox1)|1x0|1x1| 1 2143
010 1 1 0

0 |0x0|1x1|1x0| O 213
0 1 1 010

0 [1x1|1x0[{0x1| O

Hinh 2.10 Phép tich chdp trén hinh @nh véi mgt gidgi mau [11]
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Day la trong trudng hop hinh anh véi mot giai mau hoic 1a anh xam, con
truong hop quan trong can xem xét 1a cach ma phép tich chap duoc thuc hién trén
hinh anh mau. Biém anh trong anh mau cé ba gia tri twong ¢ng véi ba giai mau - gia
tri do, luc va lam. Do d6, néu chiing ta mudn chay mét phép tich chap trén mot hinh
anh mau, trudc tién nd phai chia thanh céc thanh phan mau d6, xanh luc va xanh lam
va thuc hién chay mot bo loc trén ting giai dir liéu do, mét trén mau xanh luc va mot

trén mau xanh lam va tong hop tat ca céc két qua.

> J
(A IR (18R T I6A A, 343G [BEA P, 200 .

010, 198 | [TA TR 3SE (54,107 55N (304 BB, 244

(84,200, 580 | 112,980,380 | (7L 07400 @32 e, 20

2,70 LML IR T I s e |

5000107 (130,180,008 | (B8 IS (74T, 203 /

Hinh 2.11 Phép tich chdp trén hinh éanh mau [11]
Chung ta thuc hién phép tich chap trén dau vao nhiéu lan khac nhau. Mai lan

str dung mot bo loc khéc nhau. Két qua ta sé thu dugc nhitng ban do dic trung khac
nhau. Cubi cung, ta két hop toan bo ban d6 dic trung nay thanh két qua cudi cung
cua tang tich chap. Tir d6 phat hién ra bo loc ndo cho ra két qua twong ung voi 16p
phan loai hiéu qua nhat. Di véi bai toan tuong tu ching ta thudng goi két qua cua
qua trinh tich chap la feature map, trong s6 xéac dinh cac dic trung la shared weight

va do léch xac dinh mot feature map la shared bias.

2.2.  Cau tric mang no ron tich chap ciing mét s6 md hinh mang théng
dung trén thuc té
CAu tr(ic ciia mot mang no ron tich chap thuong s& bao géom cac thanh

phan nhu:

- Convolution layer
- Activaion layer
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- Poolling layer
- Flatten layer
- Fully connected layer

Néu chia theo cac loai ting thi CNN gdm hai thanh phan:

Phin ting 4n hay phin rit trich dic trung: trong phan ndy, mang sé tién
hanh tinh toan hang loat phép tich chip va phép hep nhét (pooling) dé phat hién
cac dic trung. Vi du: néu ta ¢ hinh anh con ngua van, thi trong phan nay mang s&
nhén dién cac soc van, hai tai, va bon chan cua no.

MJi tang trong cac tang an tang cuong do chi tiét va do phuc tap trong qua
trinh nhan dién dic trung cua hinh anh vi du nhu tang dau tién huan luyén dé phét
hién bién hoic canh cua hinh anh va tang cudi cing huan luyén dé phat hién hinh
dang phtc tap hon nhu hinh tam giéc, hinh tron, doi mét, mili, lép xe. v.v. Cac no ron
trong tang cudi cling cua tang an két ndi dén tat ca cac no ron cua tang dau ra.

Phén phin 16p: tai phan nay, mot 16p voi cac lién két day du s& dong vai tro
nhu mot b phan 16p cac dic trung da rat trich duoc trude d6. Tang nay sé dua ra

xac suat cua mdt doi tugng trong hinh.

input convl pooll conv2 pool2 hidden4 output

D Conchlellt‘Jﬁon
[T m)

Convolution

Convolution subsample Convolution subsample

Hinh 2.12 M6 phéng cdu tric mang no ron tich chép [10]
Cau trdc mang CNN 1a mot tap hop céc 16p tich chap (Convolution) chng lén
nhau va str dung cac ham kich hoat nhu ReLU hodc tanh dé kich hoat cac trong s6
trong cac no ron. Moi mot 1op sau khi théng qua cac ham kich hoat sé& tao ra cac thong

tin triru twong hon cho cac 16p tiép theo. M6 hinh CNN thi c4c tang lién két dugc voi
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nhau thong qua co ché goi 1 ting tich chap. Lop tiép theo 1a két qua tich chap tir ting
truée d6, nhd Vay ma ta c6 duoc cac két néi cuc bo. Nhu vay mdi neuron & 16p ké
tiép sinh ra tir két qua tinh toan cua Kernel hoic Filter ap dit 18n mot ving anh dau
Vao cua no ron trudc do.

Trong mé hinh CNN thi nguoc lai. Céc layer lién két duoc véi nhau théng qua
co ché convolution. Layer tiép theo 1a két qua convolution tir layer trude d6, nhd vay
ma ta ¢ duuoc cac két ndi cuc bo. Nghia 1a mdi no-ron & layer tiép theo sinh ra tir
filter ap dat Ién mot vang anh cuc b6 cia no-ron layer trude do.

Mbi 16p nhu vay duoc ap dit cac bo loc khac nhau, thong thudng co vai trim
dén vai nghin filter nhu vay. Mot s6 16p khac nhu hop nhat ding dé chit loc lai cac
thong tin hitu ich hon (loai bo cac thong tin nhiéu). Tuy nhién, em khong di siu vao
khai niém cua cac 16p nay.

Trong sudt qué trinh huan luyén, CNN s& tu dong hoc duoc cac thong sé cho
cac filter. Vi du trong tac vu phan Iop anh, CNN s& ¢ gang tim ra thong sé toi uu
cho céc filter twong (ing theo thtr ty diém anh > bién (edges) > hinh dang (shapes) >
mit (facial) > cac dic trung cao hon (high-level features). Lop cubi cung dugc dung
dé phan 16p anh.

2.2.1. Convolutional

Pay thuong la ting dau tién cua mang no ron tich chap, gidng nhu cac 16p an
khéc, 16p tich chap ldy dir liéu dau vao, thuc hién cac phép chuyén dbi dé tao ra dir
licu dau vao cho 16p ké tiép (dau ra caa lop nay 1a dau vao cua Iép sau). Phép bién
d6i duoc st dung trong 16p tich chap nay l1a phép tinh tich chap. Mai 16p tich chap
chtra mot hozc nhiéu bo loc - bo phét hién dic trung (Kernel/Filter) cho phép phat
hién va trich xuat nhitng dic trung khac nhau cta anh.

Véi mé hinh mang CNN, [6p tich chap ciing chinh 14 16p 4n (Hidden layer),
khac & chd 16p tich chap 1a mot tap cac ban do didc trung, va mdi ban db dic trung 1a
mot ban scan cua dir liéu ddu vao ban dau, nhu dugc trich xuat ra cac dac tinh
(Feature) cy thé. Trong tang nay ta s& c6 mot ma tran goi la convolution filter hay

kernel thuc hién quét hoac dich qua ma tran dau vao, tir trai qua phai, tir trén xudng



22

dué6i va nhan twong ¢ng véi tirng gia tri cia ma tran dau vao, rdi cong lai dwa qua
ham kich hoat (Sigmoid, ReLU, Elu...), két qua nhan duoc 1a mot con sé cu thé va
tap hop lai thanh mot ma tran dau ra cua ting ndy, ma tran ndy chinh 1a ban do dic
trung [5].

Gia sir ma tran dau vao 1a I, ma tran caa b loc 12 K ¢6 kich thude 1a h x w, ta

c6 matran | x K s€ duoc tinh bai cong thue dudi :

h  w
(I * K)Xy = Z Z I<ij X Ix+i—1,y+j—1

i=1 j=1

2.2.2. Poolling

La mot 16p dugc thém vao gitra cac 16p tich chap vai muc dich 1a giam Kich
thudc caa dit liéu théng qua viéc 1dy mau (sampling) [5], & don gian hoa théng tin
dau ra dé giam b6t s6 lwong neuron. Viéc lay mau nay thuc hién bang cach lay gia tri
I6n nhat hoac gia tri trung binh cua tat ca cac gid tri trong cira s6 pooling dugc chon.
Pooling la mét cach la giam kich thugc ma tran ma van giit duoc nhitng thong tin
quan trong nhat ciaa ma tran. Nhiém vu cua nd 1a duyét mot 6 cira s6 nhé doc trén
mot ma tran hinh anh va lay gié tri dic trung cta cira s6 tir mdi budc. Trén thyc té
ctra s6 duoc dung thuong cé kich thudc 2x2 hodc 3x3. Pooling duoc xem 1a mot trong
nhitng ki thuat gidp giam hién tugng overfitting trong CNN Chdng ta c6 thé hinh
dung hoat dong cta no trong hinh sau (Hinh 2.13).

Lép Pooling duoc st dung trong CNN dé giam kich thudc dau vao, ting tbc
do tinh toan va hiéu niang trong viéc phét hién cac dic trung. C6 nhiéu hudng Pooling
duogc st dung, trong d6 phd bién nhét 1a pooling theo gia tri cuc dai (max pooling) va
pooling theo giéa tri trung binh (average pooling).

— Max Pooling tra vé gia tri toi da tir cira s6 trugt duoc bao phu boi bo loc
(Kernel/feature).
—  Average Pooling trung binh tra vé mic trung binh cua tat ca céc gia tri

tir cira 5o truot duoc bao phu bai bo loc.
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Hinh 2.13 Viéc thec hién ldy mdu trong tang Pooling [10]

L&p pooling thuong dugc s dung ngay sau Iop tich chap (convulational), véi
tinh chat cua Iop pooling, n6 1am giam dang ké tinh chat caa ma tran, gitp giam chi
phi tinh toan di dang ké.

Lép tich chap va Lop Pooling, cung nhau tao thanh 16p the i cua mang. Tuy
thudc vao do phirc tap trong anh, sé lugng cac 16p nhu vay co thé duoc ting 1én dé
lay ra duoc chi tiét & mic d6 sau hon, nhung né yéu cau vé hiéu nang tinh toan cia
may tinh nhiéu hon. Sau khi trai qua cac budc tich chap thi mé hinh c6 thé hiéu va
phan 16p duoc dit liéu. Budc tiép theo 1a dua ditu liéu dau ra cua 16p tich chap vao

mot mang no ron binh thudng dé thuc hiejn qué trinh phan 16p.
2.2.3. Ldp két néi day di (Fully connected layer)

Tén tiéng viét 1a Mang lién két day du. Tai l6p mang ndy, m&i mot no-ron cua
layer nay sé lién két téi moi no-ron caa lép khac. Bé dua anh tir cac layer trudc vao
mang nay, budc phai dan phang bac anh ra thanh 1 vector thay vi 1a mang nhiéu chiéu
nhu trudc. Tai layer cudi cling sé& str dung 1 ham kinh dién trong hoc may ma bat ki
ai ciing ting st dung d6 1a softmax dé phan loai dbi trong dira vao vector dic trung

da duoc tinh toan cua cac l6p trudce do.
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Fully Connected

Hinh 2.14 Minh hea lép két néi day dii

Mot 16p duoc két ndi day du voi dau ra cia I6p trude d6, moi no ron tai 16p
nay dugc két ndi dén tat ca cac no ron tai 16p tiép theo duoc goi 1a 16p két ndi day du.
Lép nay s& nhan gid tri dau vao tir I16p pooling va xac dinh két qua dau ra 1a gi. Pau
ra cua 16p nay s& thuc hién cudc bau chon xem nhing dic trung cua minh gidng véi
két qua hodc nhin dau ra ndo nhat, tir d6 s& xac dinh duoc nhén cua dir liéu dau vao
nay la gi.

Thuong thi sau cac I6p Convolution va lop Pooling thi sé la 2 lop Fully
connected, 1 16p dé tap hop céac feature layer ma ta da tim ra, chuyén doi di liéu tir
3D, hoic 2D thanh 1D, tirc chi con 1a 1 vector. Con 1 16p nita 1a két qua dau ra, s6 no
ron caa I6p nay phu thudc vao sb két qua dau ra hoac nhan phan loai ma ta muén tim
ra. D6 vai bai toan phan 16p da nhan (Multiclass classification) s& sir dung ham
Softmax dé thyc hién tinh toan dé xem x&c suat nhan nao I6p nhan va dua vao d6 dé

thuc hién du doan.
2.2.4. Ham Kich hogt (Activation Function)

Ham kich hoat 1a mot nat duoc dit & cudi hodc ¢ giira cua cdu tric mang no
ron, ¢ rat nhiéu loai ham kich hoat khac nhau nhu ham Sigmoid, Maxout, ReLU...
(Hinh 2.1). Viéc lya chon ham kich hoat d6i khi la kinh nghiém cta nguoi xay dung
mang va n6 con phu thuc kha nhiéu ¢ bai toan ma chung ta dang giai quyét. Tuy

nhién ham ReLU hoat dong kha tt cho phan 16n cac bai toan trong DL.
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Sigmoid 1 Leaky ReLU
o(z) = L max(0.1z, x)
14+e—=

-10 10 - -1 1o

10

tanh Maxout
tanh(x) e * max(w? z + by, wd x + by)

ReLU ELU |
max (0, z) ey 220 m

Hinh 2.15 Cac ham kich hogt phé biét trong mé hinh mang no ron. [12]

- ReLU (Rectified Linear Unit) dugc dua trén tu tuéng cua viéc loai bo bot
nhitng tham sé khéng quan trong trong qua trinh training va diéu do6 1 cho
mang cua chang ta tré nén nhe hon va viéc training cling nhanh chong va
cd hiéu qua hon. Ham nay thuc hién mét viéc rat don gian nhu sau: giir
nguyén nhitng gia tri ¢au vao 16n hon 0, néu gié tri dau vao nho hon 0 thi

coi 12 0. Chiing ta ¢6 thé hinh dung ki hon trong hinh sau (Hinh 2.2):

Rectified Linear Unit (ReLU)

10|

;;;;;

2 : 1
-10 5 5 10

giz) = max (0, z-)

Hinh 2.16 Ham kich hogt ReL U [12]
Bai vi ham ReLU tra vé dix liéu khéac 0 trong moi trudng hop nén diéu dé
lam mang ching ta khong phai training nhiing di liéu khong can thiét va

hon nita cdng thirc cia ReL U rat don gian khién cho viéc tinh toan ciing
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tré nén dé dang hon. Biéu nay lam cho ham kich hoat ReLU dang dugc st
dung phd bién trong nhiéu tng dung cua mé hinh mang no ron.

- Softmax & mot loai cia ham kich hoat - activation function. N6 rat hitu
ich trong bai toan phan loai da 16p. Softmax nhan dau vao 1a mot mang sb
thue va dau ra 1a mot phan phéi xac suat vai mdi phan tir nam trong khoang
[0, 1] va tong cac phan tir 1a 1 (twong tng Véi 100%). Bé lam duoc diéu
nay ham softmax s& chuyén doi gié tri dau ra cua mang no ron bang céch
chia cho tong gia tri. Luc nay dau ra c6 thé coi la mot vector ctia Xac suat
du doan ctia c4c class. Chlng ta c6 thé thdy rd hon trong cong thic sau

softmax;(a) = S o
Chung ta c6 thé sir dung khoang cac Euclid dé so sanh khoang céch giira
one-hot encoding va softmax nham phuc vu cho viéc xay dung ham loss

va téi uu cac tham sb ciia mang no ron.
2.2.5. Mgt sé md hinh magng théng dung trén theec té

Trén thuc t¢ md hinh mang no ron dugc st dung pho bién véi cac kién tric
mang sur dung I6p tich chap nhiéu tang voi kich thude cia feature map cua tirng 16p
tang dan, nhung c6 nhiéu mé hinh véi kién tric mang méi day da thiét ké sang tao
hon va cho két qua hiéu qua hon. Dudi day 1a cac vi du cua mot sb kién tric mang

no ron tich chap théng dung:
LeNet

LeNet 12 mot trong nhitng mang CNN lau doi noi tiéng nhat duoc Yann LeCUn
phét trién vao nhimg nam 1998s. Cau tric cua LeNet gom 2 layer (Convolution +
maxpooling) va 2 layer fully connected layer va output la softmax layer. Chung ta
cuing tim hiéu chi tiét architect ciia LeNet d6i véi dit liéu mnist (accuracy 1én dén
99%) [8].



27
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Hinh 2.17 Kién trac mang LeNet [8]
Alexnet

AlexNet 12 mot mang CNN d3 danh chién thing trong cudc thi ImageNet
LSVRC-2012 nam 2012 véi large margin (15.3% VS 26.2% error rates). AlexNet la
méot mang CNN traning véi mot sé luong parameter rat 16n (60 million) so véi LeNet.
Mot s6 ddc diém nhu: St dung relu thay cho sigmoid(or tanh) dé xir Iy véi non-
linearity. Tang tbc d6 tinh toan I1&n 6 lan, Sir dung dropout nhu moét phuong phap
regularization méi cho CNN. Dropout khong nhitng giap mo hinh tranh duoc
overfitting ma con 1am giam thoi gian huan luyén mé hinh, St dung ky thuat data

augmentation dé tao them data training bang céch translations, horizontal reflections

[8].
1}"‘_:;_._'__;_&5& o
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Hinh 2.18 Kién tric mang Alexnet [8]
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VGGNet

Sau AlexNet thi VGG ra doi véi mot so cai thién hon, truéc tién 1a model VGG
s& c6 do sau hon, tiép theo 1a thay ddi trong thir tu 16p tich chap. Tur LeNet dén
AlexNet déu str dung tich chap réi maxpooling con VGG thi sir dung 1 chudi tich
chap lién tiép (Conv-Conv-Conv) ¢ gitra va cudi cua kién tric mang VGG. Viéc nay
s& 1am cho viéc tinh toan tro nén 1au hon nhung nhiing dic trung sé van duoc gitr lai
nhiéu hon so vdi viéc st dung maxpooling sau mdi 16p tich chap. Hon nira hién nay
vé6i su ra doi cua GPU gilp tc do tinh toan tré nén nhanh hon rat nhiéu lan thi van
dé nay khong con dang lo ngai. VGG cho small error hon AlexNet trong ImageNet
Large Scale Visual Recognition Challenge (ILSVRC) nam 2014. VGG c¢6 2 phién
ban 13 VGG16 va VGG19 [8].

224 x 224 x3 224 x 224 x 64

112 x 112 x 128

56|x 56 x 256
TX T X% 512
28 x 28 x 512

14 x 14 x 512 1x1x4096 1 x 1 x 1000

=1 convolution+RelLU
] max pooling
fully nected +RelLU
softmax

Hinh 2.19 Kién trdc mang VGGNet [8]

2.3.  Ung dung mang no ron tich chap trong cac bai toan thuc té vé xir
ly va phan loai anh
CNN duoc tng dung nhiéu trong thi giac may tinh, hé thdng hd tro ra quyét

dinh, cac hé théng phan tich ngbn ngit tw nhién va nhiéu hé thong khac nhur:

Nhéan dang van ban: Bai vi CNN gioi trong viéc giai ma hinh anh tryc quan,
chung da dugc chitng minh la hiru ich trong phan tich van ban. Sttc manh cua CNN

gitp xir ly ngdn ngi tu nhién trén céc tai liéu twong tu hoic viét tay, trong d6 hinh
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anh 12 biéu twong can phién ma. Chuc ning nay cia CNN duoc goi la nhan dang ky
tu quang hoc hoic viét tat 12 OCR (Optical Character Recognition).

Nhan dién khudén mat: Vi nhan dang hinh anh va phan loai hinh anh la mét
cach str dung phd bién caa CNN, nhan dang khudn mat ciing 1a mot ang dung noi
tiéng. Gan day nhu nim 2015, CNN da thé hién kha ning nhan dién khudn mat tur
nhiéu goc do khac nhau, ngay ca véi tim nhin han ché. Cac thuat toan thay thé tot
nhit d4u tranh vai viéc nhan ra cac s liéu trong mot hinh anh c6 thé nho va mong,
nhung CNN c¢6 thé hoan thanh duoc cong viéc.

Nghién citu ché tao thudc: CNN di duoc ap dung ddi véi kham pha thude.
Céac mang ludi than kinh xt ly dit liéu dé hiéu su twong tac giita c4c phan tir va protein
sinh hoc. Giéng nhu cach CNN xir Iy hinh anh phén tich cac dic diém caa hinh anh,
CNN da duoc huan luyén dé hiéu cau tric hoa hoc trong viéc kham pha thudc. Thong
tin ma cac CNN nay cung cap dan dén cac phuwong phap diéu tri y té tiém ning t6t
hon. Pang chu y, CNN AtomNet di duoc st dung trong viéc phat trién cac phuong

phap diéu tri cho virus Ebola.
2.4. Xay dwng tap dir liéu cho bai toan

2.4.1. Gidi théu vé bé dir liéu sk dung trong bai toan

Trong bai toan phan loai d6 tudi ciia ngudi bang hinh anh sir dung mang no
ron tich chap chiing ta sir dung tap dir liéu khuon mit cic dién vién trong phim ctia
An Do (Idian Movies Face Database) hay viét tit 1a IMFDB, dugc 14y tir ngudn [15].
IMFDB la mot bd dir liéu khuon mat 16m bao gém 26742 hinh anh cua 100 dién vién
An D6 duoc thu thap tir hon 100 video. Tét ca cac hinh anh dugc lya chon va cat xén
thi1 cong tir cac khung hinh video dan dén rat nhiéu kich thudc, tu thé, biéu hién, do
sang, do tudi va do phan giai. Bo dir liu IMFDB 1a co s¢ dit liéu khudn mit dau tién
cung cap nhan chi tiét cho moi hinh anh vé do tudi, tu thé, gidi tinh va biéu hién c6

thé gitp nhiéu Gmg dung khac nhau lién quan dén phan tich khuon mit.

Anh khuén mat nguoi trong bg dir 1iéu IMFDB dugc thu thap tir cac video, vi

thé khudén mat trong cac video phim dugc cho 1a co rit da dang anh khac nhau vé do



30

chiéu sang, goc nhin, d6 phan giai, d mo, v.v. Video dugc thu thap tir hai thap ky
trude nén né chira rat nhiéu anh khudn mat khac nhau vé do tudi so véi hinh anh duoc
thu thap tir Internet thong qua truy van tim kiém trong hién nay[6]. Bo dit liéu IMFDB
duoc xdy dung bang cach chon thu cong va cit xén cac khung hinh video dan dén
murc d¢ da dang cua cac biéu cam cua khudn mit nguoi va co thé duogc su dung dé

phat trién céc thuat toan dé phan tich biéu cam cta mit ngudi [15].

Ciat xén khuon mat: Khudén mit duogc cit bé‘mg mot khung hinh vira véi mot
khuon mat. Dé duy tri tinh nhat quan trén cac hinh anh, t6i da theo ddi mot cach cit

xén khuén mat tir tran dén cam.

Hinh 2.20 M4t sé hinh dnh vi du ciia bg di# ligu IMFDB [15]

Trong bg dit li¢u kém theo t€p bang dir li¢u twong ing véi thong tin ma hinh
anh, cac thong tin khac va nhin phan loai ctia timg hinh anh [6]. Bao gém cac truong

dir liéu nhu sau :
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: Image id

Anger, Happiness, Sadness, Surprise, Fear, Disgust

[llumination : Bad, Medium, High
Pose Frontal, Left, Right, Up, Down
Occlusion Glasses, Beard, Ornaments, Hair, Hand, None, Others
Makeup Partial makeup, Over-makeup
Gender Male, Female
Age Young, Middle, Old
Bdng 2.1 Mdu bé di ligu IMFDB
ID Expression | lllumination | Pose Occlusion | Makeup | Gender | Age

088.jpg | SURPRISE MEDIUM FRONTAL | GLASSES OVER Male Young
177.jpg NEUTRAL BAD RIGHT NONE PARTIAL Male o

634.jpg | HAPPINESS MEDIUM FRONTAL | OTHERS PARTIAL Male Young
671.jpg | SADNESS BAD LEFT OTHERS | PARTIAL | Female | Young
799.jpg | HAPPINESS MEDIUM DOWN OTHERS PARTIAL | Female Middle
807.jpg | HAPPINESS MEDIUM upP OTHERS PARTIAL Male Middle
908.jpg DISGUST BAD DOWN OTHERS PARTIAL Male Middle
938.jpg | SADNESS BAD LEFT NONE PARTIAL | Male Young
033.jpg | HAPPINESS MEDIUM FRONTAL NONE PARTIAL Male Young
183.jpg | SURPRISE MEDIUM FRONTAL NONE OVER Female Young
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2.4.2. Tién xa Iy va chudn bj dé liéu
a. Loai bé diic trung khong cin thiét

Dé nhan duoc két qua tét trong viéc thuc hién huan luyén mé hinh ching ta
phai phan biét va loai bo nhiing truong trong bo dit liéu ma khong can thiét trong bai
toan phan loai d6 tudi. Dya vao yéu cau thyuc té cta bai toan phan loai d6 tudi thi
chung ta loai bo cac truong khong can thiét nhu biéu cam (Expressions), tu thé (Pose),
trang diém (Makeup) va gi6i tinh (Gender) con lai hai thudc tinh 13 ma hinh anh (ID)
va do tudi (Age), v6i nhan do tudi s& bao gdm c6 ba nhan 1a “Young” tuong duong
v6i d6 tudi tir 13 dén 30 tudi, “Middle” twong duong v6i 31 dén 50 tudi va “Old” 1a
tuong duong véi trén 50 tudi [6].

A B
|ID _|Class
377.jpg MIDDLE
17814.jpg YOUNG
21283.jpg MIDDLE
16496.jpg YOUNG
4487.jpg MIDDLE
6283.jpg MIDDLE
23495.jpg YOUNG
7100.jpg YOUNG
6028.jpg YOUNG
22617.jpg OLD
11177.jpg YOUNG
13 |2462.jpg MIDDLE

oW oo ~Non A WN =

—
("]

Hinh 2.21 D# ligu sau khi logi bé cac thugc tinh khdng can thiét
b. Loai bé nhiéu trong dir lig¢u
Do bé dit liéu dugc thuc hién thu thap bang cach tu dong cit xén khuén mat
ngudi ty dong tir video nén ¢6 thé ton tai cac nhidu vé dit liéu nhu: thiéu do sang hoac
hinh anh sang choi (Hinh 2.22), bi chénh Iéch khudn mat, khudn mat bi che (Hinh
2.24) hoac qua mo va kich thudc qua nho (Hinh 2.23). dé khdi phuc dugc van dé nay
chling ta s& phai duyét qua cac tap dir liéu va loai bo di cac dir liéu nhiéu trong tap dir

licu. Dudi day 1a cac hinh anh cua céc dir liéu bi nhiéu:



9701.jpag
JPG File
661 bytes

13265 )pa
JPG File
721 bytes

21251 jpg
JPG File
724 bytes
25620 jpg
JPG File
723 bytes

33

10246 )pg
JPG File
721 bytes

19835, )pg
JPG File
731 bytes

21586.pg
JPG File
687 bytes
25628.jpg
JPG File
644 bytes

Hinh 2.22 Vi du hinh dnh bj thiéu sang va sang choi

1276.)pg
JPG File
696 bytes

7880 pag
JPG File
716 bytes
12928.jpg
JPG File
661 bytes

-5

&

3467 )pag
JPG File
713 bytes

11526.)pg
JPG File
742 bytes

18095.)pg
JPG File
737 bytes

Hinh 2.23 Vi du hinh dnh cé kich thwéc qua bé va qua meo



11221 jpg
JPG File
710 bytes

1 22207,jpg
| PGFile

760 bytes

1983 )pg
' JPG File
760 bytes

34

]

4840jpg
JPG File
738 bytes
17041,jpg
JPG File
758 bytes
21135]jpa
JPG File
679 bytes

Hinh 2.24 M4t sé hinh dnh bi 1éch khudén mat va bi che khudén mat

c. Chinh kich thwéc anh sang Kkich thwéc phu hop

Cac dix liéu hinh anh trong bo di liéu c6 rat nhiéu kich thudc khéc nhau giao
dong tir 543 x 616 pixel (diém anh) dén 13 x 22 pixel, nén dau tién ching ta phai diéu
chinh kich thuéc caa birc anh, dé cho hinh anh c6 kich thuéc bang nhau trudc khi st
dung lam dir liéu dau vao ciia mo hinh. Trong bai toan nay ching ta sir dung anh voi
kich thudc 12 128 x 128 pixel. Pay 1a mot kich thudc phd hop dé dir lai cac chi tiét

ctia khubn mat nguoi va dong thoi kich thudc khéng quéa to ma anh huong dén thoi

gian huan luyén mé hinh. Dué6i day 1a hinh anh sau khi chinh sira (Hinh 2.25):

20 40 60 80 100 120 0 20
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60
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0

100

120

0 20

Hinh 2.25 Hinh dnh sau khi chinh siza kich thuréc
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d. Phan chia dir liéu
Chung ta s& chia bo dit liéu ra thanh ba tap bao gom tap dit liéu huin luyén,

tap kiém tra va tap dir liu Kiém ching

Bo dit liéu bao gdbm tat ca 26742 ban ghi va duoc chia ra thanh hai phan Ia tap
huan luyén 19906 ban ghi twong dwong voi 75% va tap kiém chiing 6636 ban ghi

tuong duong vai 25%.

Bdng 2.2 Phéan chia di ligu thanh hai tdp

Tap dir liéu Ty 1¢ S6 ban ghi
Tap hudn luyén 75% 19906
Tap kiém ching 25% 6636
Tong 100% 26742

T tap dit liéu huan luyén da duoc phén chia ching ta tiép tuc chia ra thanh
tap huan luyén 85% va tap kiém tra (validation) 15% nhu sau

Bdng 2.3 Phéan chia diz ligu thanh hai tap

Tap dir liéu Ty lé S6 ban ghi
Tap huan luyén 85% 16920
Tap kiém chung 15% 2986

Téng 100% 19906
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2.5.  Xay dung md hinh mang no ron tich chap dé giai quyét bai toan

phan loai d tudi ciia ngudi bang hinh anh.

2.5.1. Cdu trc mé hinh

Viéc xay dung md hinh dé dat dwoc hiéu qua cao phu thudc vao cac yéu té
nhu cau trdc cau mé hinh mang, lya chon thuat toan, xac dinh céc bién dir liéu phu
hop va diéu chinh céc tham sé dé cho phi hop dya trén bo dit liéu sir dung dé huan
luyén mé hinh. Di véi bai todn ndy ching ta s& st dung md hinh mang no ron tich
chap CNN dé phan loai d¢ tudi bang hinh anh vai tap dix liéu da giéi thiéu ¢ muc
trén.

Cau trGic md hinh mang no ron tich chap duoc sir dung trong bai toan dira vao
mot md hinh mang LeNet, c6 cau triic bao gom ba Iép tich chap (Convolution) Vi
mdi 16p s& c6 cac 1op Pooling ¢ gitra cua ting 16p, tiép theo dén ba 16p két ndi day
du (Fullyconnected) véi 16p két ndi day da cudi cling 1a 16p gid tri dau ra véi so6 no

ron bang sd nhan phan loai. M6 hinh bao gém cac chi tiét cy thé nhu sau:

s Lép tich chap (Convolution)

Ba lop dau tién ctia md hinh mang ching ta déu 1 16p tich chap, véi l6p tich
chap dau tién nhan dit liéu dau vao 1a mang cau cc hinh anh c6 kich thudc 128 x 128
pixel. Tai 16p nay ching ta khai bao vai s bo loc (Kernel) st dung 1a 25 vai kich
thudc cua ting bo loc ma 3 x 3. Tiép theo 1a khai bao ham kich hoat cho 16p nay,
ching ta st dung ham “RelLu” da gidi thiéu & muc trén.

Tuong tu vai 1p tich chap dau tién, 16p tich chap tha hai va tha ba ching ta
s& khai bao twong (mg nhung véi s6 dic trung sir dung khéc nhau 13 50 va 75 theo
lan lugt. COn ham kich hoat thi ching ta van khai bao ham “ReLu” twong ty nhu trén.

Giira cac 16p kich hoat ching ta s& khai bdo mét 16p hop nhat (Pooling), ¢ ddy

ching ta sir dung phép hop nhét tdi da (Max pooling) véi gia trj kich thudc 12 2 x 2.

% Ham kich hoat sir dung (Activation function)
Ham kich hoat sir dung trong bai todn ndy gom c6 hai ham 1a “ReLu”

(Rectified Linear Unit) va ham “Softmax”.
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Tai cac lop tich chap chdng ta sir dung ham “ReLu” 1a ham kich hoat. Ham
nay c6 cong thic dé thuc hién tinh toan va hiéu qua vai nhiéu loai bai toan, véi toc
d6 thit hién nhanh dan dén thoi gian huan luyén mé hinh twong dbi nhanh so vudi
ham kich hoat khac. Tai ting lién két day du cudi cing, chung ta st dung ham
“Softmax”. Ham “Softmax” thuong duoc s dung ¢ tang dau ra, nhim danh gia sic

xuat nhan phan loai cua dit liéu dau vao cua tang day.

< Lép lam phing (Flatten)
Lép nay c6 nhiém vu chuyén doi két qua dau ra tir 16p tich chap 1a mang nhiéu
chiéu va chuyén déi thanh vec to mot chiéu trude khi dugc vao tang két néi day du

dé thuc hién qua trinh phan loai [14].

1

1

(0]
1(1(0

4
4 2|1

2
0o(2]|1

1

0

7.

1

Hinh 2.26 Minh hga phwong thirc 1am phang (Flatten) [14]

< Lép két ndi diy da (Fully connected layer)

Tai 16p ndy ching ta sir dung tat ca 3 16p, hai 16p dau tién 1a mot 16p két ndi
day du véi s6 no ron bang 32 va sir dung ham “ReLU” 1a ham kich hoat.

Vi I16p phan nhan cudi cling véi s6 no ron bang 3 tuong tng vai s6 nhan phan
loai cua tap di lidu 1a (“Middle”, “O1d”, “Young”).

Cubi cing ching ta nhan dugc md hinh mang duoc minh hoa ¢ hinh dudi
(Hinh 2.27):
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Convolutional ~
layer 1 Convolutional colr:llrjlggted
layer 2 Convolutional layer 2
ayer [ R
| ﬁ T R
. Poolin Pooling ..
Pool Fully-
l;);elrn layer layer connected ~ Output layer
Input layer layer |

Hinh 2.27 Minh hga mé hinh mang si dung trong bai toan [14]

2.5.2. Cac ham va ky thudt s dung

< Thuat toan t6i wu (Optimizer)

Thuat toan téi vu chinh 13 trung tim co s dé xay dung cac md hinh neural
network véi muc tiéu 1a “hoc” duoc cac dic diém (features hay patterns) tir dir liéu
dau vao, ddy 1a cach mé hinh duoc cap nhat dya trén dit liéu huan luyén duoc cung
cap va ham thiét hai. Tir d6 co thé tim maot tap cac trong s6 W (weights) va do
léch b (bias) dé t6i uvu hoa d6 chinh xéac cua models hoic téi wu gia tri cia ham mat
mat.

Trong bai toan nay ching ta st dung thuat toan téi wu Adam (Adaptive
moment Estimation). Adam 1a mot thuat todn téi wu ¢ thé bién ddi thich nghi téc do
hoc (learning rate), va duoc thiét ké dic trung cho cac mé hinh hoc sau. Thuat toan
Adam ¢ thé dugce xem nhu 1a sy két hop cuia RMSprop va SDG (Sochastic Gradient
Descent). N6 str dung gia tri binh phwong cuia gradient dé chia ty 18 hoc tap nhu thuat
toan RMSprop va nd tan dung dong luong (momentum) bing cach st dung trung
binh di chuyén cua gi4 tri gradient thay vi gradient nhu SGD. Hiy cing xem xét k¥

hon vé céch thirc hoat dong cua né [3].

< Ham I8i (Loss function)

Ham 15i dung dé do luong mirc d6 chinh xac cia mé hinh trong qua trinh huan
luyén. Chlng ta can giam thiéu gia tri caa ham nay "diéu khién" mé hinh di dung
huéng (chi s6 16i cang it, chinh xac cang cao). Ham 15i sir dung trong bai toan nay 1a

Cross Entropy tinh toan d6 chénh léch gitra 2 phan phdi xéac suét cua dy doan va cua
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nhan. Nhin duoc bién d6i thanh mot vector one-hot véi tit ca phan ti trong vector
nhan gia tri O trir mot vi tri biéu didn nhan nhan gia tri 1. Dau ra caa md hinh 1a mot
phan phdi xac suat (p1, p2, ..., pn) vai n 1a sé lwong céc 16p. Phan phdi xac suat cua
nhén la 1 vector one-hot (0, 0, ..., 1, 0, ..., 0) vai vi tri thir i nhan gia tri 1 twong (ng

l6p thir .
o
CE=— Ztﬂ{}g(&;)

Tuy nhién ham cross entropy duoc ban luan sau day 1a mdt trong nhitng ham
loss duoc st dung rat phé bién va ching minh duoc hiéu qua rd rét trong nhiing bai

toan phén loai da 16p.

< Ky thuat Drop-out dé giam Over-fitting

Khi ching ta sir dung full connected layer, cac no ron sé phu thudc “manh”
1an nhau trong sudt qua trinh huan luyén, diéu nay lam giam sic mang cho mdi neural
va dan dén truong hop over-fitting trén tap dir liéu huan luyén, va dé cai thién dugc
van dé nay ching ta sir dung ky thuat dropout. K¥ thuat drop-out I1a cach thic ma
chiing ta gia dinh mot phan cac unit (no ron) bi 4n di trong qua trinh huan luyén, qua
d6 1am giam tich hoa tron ma dan dén hién tuong over-fitting. Tai mdi budc trong
qua trinh huan luyén, khi thuc hién qua trinh lan truyén xudi (Forward propagation)
dén tang sir dung drop-out, thay Vi tinh toan tat ca unit cd trén tang do, tai mdi unit ta
thue hién lya chon ngau nhién mét sé unit duoc thuc hién tinh toan dya trén xac suat
p [13].

Hinh 2.28 Minh hga truwéc va sau khi s dung drop-out [13]
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% Ky¥ thuat tang cwong dir liéu (Data augmentation)

Hién nay trong deep learning thi van dé di liéu c6 vai tro rat quan trong. Chinh
vi vay c6 nhirng linh vuc c6 it dit liéu dé cho viéc train model thi rat kho dé tao ra
duoc két qua tot trong viéc du doan. Do d6 chung ta can dén mot ki thuat goi 1a ting
cuong dit liéu (data augmentation) dé phuc vu cho trudng hop sé luong dit liéu han
ché, thi ban van cd thé tao ra duoc nhiéu dit liéu hon dya trén nhitng dit liéu ban da
6. C6 mot sé trudng hop sir dung ky thuat nay dé cai thién vé van dé di liéu mat can
bang [16].

Céch thire thuc hién cua ky thuat ndy 1a né thuc hién céc phép bién doi trén
dir liéu dau vao va sinh ra dix liéu mai 1a két qua sau khi bién d6i. C6 thé xem vi du

tai hinh dudi, d6 13 cac hinh duoc tao ra thém tir mot anh gc ban dau.

Dit lidu géc Phép doi chiéu Phép quay Phép cat xén

Hinh 2.29 Ky thudt tdng cuwong dir ligu [16]

Trong k¥ thuat ting cuong dix liéu c6 rat nhiéu phuong thirc dé sinh ra dit liéu
khac nhau tir mot dir liéu gbc nhu : rotation, flip, random crop, width shift, height
shift, color shift, contrast change, v.v.

Céch lya chon sir dung phuong thirc phi hop dé dwa ra két qua tét thi tdy thudc

vao dir liéu, sé lugng mau, tinh balance/imbalance cua mau va kién tric mang.

< Can bang trong s6 (weight balancing)

K§ thuat nay duoc st dung phd bién véi cac md hinh ma sir dung bé dit liéu
khong can bang (Imbalanced dataset). Dit liéu mat can bang c6 anh hudng rat 16n toi
d6 chinh xac ciia mo hinh. Nhung hién twong mat can bang nay lai 1a mét hién twong

rat hay xay ra trong cac bai toan hoc may va hoc sau, khi yéu cau cia bai toan 1a mot
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s6 luong 16n dir liéu thi d& dang xay ra truong hop cac dit liéu cua tirng nhan cé sé
lugng chénh Iéch nhau.
Vai bo dir liéu s dung trong thuat toan ching ta phat hién ra ty 1€ phan chia

cua s6 lwgng mau khéng can bang giira cac nhan. Cu thé nhu sau:

Bdng 2.4 Ty 1¢ s6 mdu di# liéu trén cac nhan

Nhén Ty ¢
Middle 0.542
Young 0.336

Old 0.120

Bang k§y thuat nay chiing ta s& tang gia tri caa trong sé (weight) cho phan di
licu thiéu, md hinh s& dya vao gia tri trong sb trén mdi mau huan luyén dé thuc hién
viéc diéu chinh ham 13i. Vi gia tri mac dinh thi méi mau dir liéu déu bang nhau voi
gia tri 12 1. Viéc tang gia tri trong s6 cua mot mau hoic mot nhan nao diy sé ting

mtrc d6 quan trong cua nhan phan loai day Ién.

2.5.3. Dinh nghia m6 hinh

Trong luan vin nay chung ta sir dung Keras framework hé tro xay dung mo
hinh va huan luyén mé hinh trén ngdn ngir python. Loai mé hinh ma ching ta s& sir
dung 12 md hinh Tuan ty (Sequential). M6 hinh tuan tu c6 thé d& dé xay dung mot
md hinh trong Keras. Cho phép chiing ta xay dung mot mé hinh theo ting 16p. Bang
cach str dung ham “Add()” dé thém cac ting vao mé hinh mang.

Pau tién ching ta thuc hién import cac thu vién can thiét siru dung trong bai
toan bao gom :

OS : thu vién hd tro viéc thao tac voi cac thu muc trong may

Pandas : Thu vién sir dung dé thao tac va phan tich di liéu

Tensorflow: Thu vién hd trg vé cac phuong thirc hoc may
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Keras: Thu vién hd trg xay dung va huan luyén mé hinh mang, gom cac ham
nhu “model”, “layer”, “conv”, “maxpooling”.
Sklearn : H tro cac thao tac doc ghi, thay doi kich thudc anh
OpenCV : Thu vién xur ly anh
Mathplotlib : Thu vién biéu dién di liéu, vé do thi
Numpy : Céc thao tac thuc hién véi dit liéu kiéu mang
import os
import pandas as pd # some array operation
import tensorflow
import keras

from keras.models import Sequential, load model
from keras.layers import Dense, Flatten, InputLayer, Dropout, Conv2D, Activation, MaxPooling2D

import matplotlib.pyplot as plt

from sklearn.preprocessing import LabelEncoder

from sklearn.model selection import train test split

import pickle # Load saved data

import numpy as np # Manipulating with array

import cv2 # image operation
Tiép tuc khai bao cac bién sir dung trong md hinh bao gom cé:
“image_size” : Kich thudc dir liéu dau vao cua mé hinh
“channel num” : SO kénh cua dir liéu
“class num”  : SO nhan phéan loai cua bo dir ligu

# Define number of parameter that we going to use in our nn model

img size = 128

chanel num = 3

class num = 3

Trong mé hinh nay ching ta dung sit liéu dau vao la hinh anh véi kich thudc
128 x 128 pixel, va 1a hinh anh mau nén ching ta khai bai bién “img_size” 1a 128 va
“channel” 14 3 twong (ng voi ba giai mau RGB cua anh mau. Véi bién “class_num”
ta khai bao 1a 3 twong wng vai ba nhdn phan loai do tudi.

Bat dau khai bao va dinh nghia mé hinh mang CNN. Pau tién ching ta khai
bao kiéu md hinh sir dung 1a md hinh kiéu tuan ty.

# Define model typ€|
model = Sequential()

Tiép theo ching ta thiét 1ap cac 16p trong mé hinh bing céch st dung ham

“Add()” dé thém céc tang cia mo hinh tuong tu nhu cac tham s cua tang day:
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¢ Add 1th layer, convolution 32 neurons with relu activation func
model.add(Conv2D(25,kernel size=3, strides=1, input shape=(img_size,img _size,chanel num)))
model.add(Activation('relu’))

model .add(MaxPooling2D(pool size=(2,2)))

Véi ting dau tién chdng ta khai bao mét 16p tich chap vai s6 bo loc 1a “filters”
25, kich thuéc cua bo loc “kernel_size” 1a 3 twong tng Vi 3 X 3, s6 budce dich chuyén
ctia bd loc “Strides” 1a 1 va kich thuéc dir liéu dau vao “input_shape” 1a bang kich
thudc hinh anh ma chang ta da chuan bj tai muc trén 12 128 x 128 x 3 vai 3 1a s6 giai
mau cua hinh anh ma ching ta sir dung l1am dit liéu dau vao, néu 1a anh xam thi gia
tri ndy s& bang 128 x 128 x 1. Mat thanh phan quan trong ma ching ta phai khai bao
trong cac tang day 1a ham kich hoat sir dung tai tang d6, & ddy chlng ta dung ham
“ReLU”.
Trong md hinh nay chiing ta s& sir dung 16p maxpooling mdi khi thuc hién I6p
tich chap. Tham sb khai béo cho 16p nay 14 (2,2), 1a kich thudc cua cira s6 bang 2x2.
Tuong ty nhu ting dau tién, ching ta khai béo 16p tiép theo 1a mét 16p tich
chap véi s bo loc 1a 50, va ca tham sé con lai 1a gidng nhau. Tuong tu nhu 16p
maxpooling.
# Add convolution layer with ReLU activation fuction
model.add(Conv2D (50, kernel_size=3, strides=1))

model.add(Activation( 'relu"))
model.add(MaxPooling2D(pool size=(2,2)))

Tai tang thtr ba ching ta khai bao 16p tich chap twong tu nhu ting trén va ting
s6 bo loc st dung 1én thanh 75, va cac tham s con lai khong thay doi. Tuong ty nhu
I6p maxpooling véi kich thuac 1a 2 x 2.

# Add 3nd convolution Layer
model.add(Conv2D(75,kernel size=3, strides=1))
model.add(Activation( 'relu'))
model.add(MaxPoolingzD(pool_size:(z,2)))

Trudéc khi truyén dit liéu vao tang két ndi day du ching ta phai thuc hién lam
phang dir liéu bang cach st dung lép “Flatten()”, khai bao biang phuong thuc
“Add(Flatten())”:

# Add flatten Layer
model.add(Flatten())
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Tang tiép theo ching ta sir dung 1a 2 tang két néi day du véi s6 no ron 1a 32
va ham kich hoat sir dung 1a “relu”:
# Add normal densé‘layer with 32 neurons
model .add(Dense(32))
model.add(Activation('relu'))

model.add(Dense(32))
model.add(Activation( relu’))

Trudc khi thém tang dau ra cudi cung ching ta thyc hién qua l6p “Drop-out”
dé tranh xdy ra trudong hop Overfitting trong qua trinh huan luyén:

model.add(Dropout(©8.5))

Vi su hd tro cua thu vién Keras thi ching ta khai bao ham drop-out chi can
goi dén ham “Add(dropout(0.5))”, véi gia tri 0.5 1a ti I¢ thanh phan trong mang ma
minh mudn huan luyén tai tang do.

Tai tang cudi cung la ting dua ra két qua dau ra chiing ta khai bao mot 16p két
ndi day du véi sé no ron bang 3 twong tng voi s6 nhan phan loai cua bo dir liéu sir
dung, va ham kich hoat sir dung tai ting nay 1a ham “Softmax”:

# Final dense layer are 3 neurons means 3 classes that we have (young, middle, old)
model.add(Dense(3))

# Add final layer activation fuc using softmax func
model.add(Activation( ' softmax'))

Sau khi ching ta khai béo hét tat ca cac tang thi chiing ta c6 thé xem tong quat
cau tric mo hinh mang va sé luong cac tham sé tong quét hoac trén cac tang cu thé
bang c4ch goi ham “summary()” nhu sau

model . summary ( }|

Két qua hién thi 1a:
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Model: "sequential 1"

Layer (type) output Shape Param #
cowad 1 (Conv2D)  (None, 126, 126, 25) 700
activation 1 (Activation) (Wone, 126, 126, 25) 8
max_pooling2d 1 (MaxPooling2 (Mone, 63, 63, 25) 5]
conv2d 2 (Conv2D) (Wone, 61, 61, 5@) 1130808
activation 2 (Activation) (None, 61, 61, 5@) 5]
max_pooling2d 2 (MaxPooling2 (Mone, 38, 38, 58) 5]
conv2d 3 (Conv2D) (None, 28, 28, 75) 33825
activation 3 (Activation) (Wone, 28, 28, 75) 5]
max_pooling2d 3 (MaxPooling2 (Mone, 14, 14, 75) 8
flatten 1 (Flatten) (None, 1470@) 5}
dense 1 (Dense) (Wone, 32) 479432
activation 4 (Activation) (None, 32) 5}
dense 2 (Dense) (Mone, 32) 16856
activation 5 (Activation) (MNone, 32) 8
dropout 1 (Dropout) (None, 32) 5]
dense 3 (Dense) (Hone, 3) 99
activation & (Activation) (Mone, 3) 5]

Total params: 517,412
Trainable params: 517,412
Mon-trainable params: @

Hinh 2.30 M hinh mgng téng quéat
Tai hinh trén (Hinh 2.30) thé hién cac thong tin nhu sau. Cot thi nhat 12 tén
cac 16p theo thir ty tir trén xudng dudi 12 tir ting dau tién nhan dir liéu dau vao dén
tang két qua dau ra cudi cung, cot thir hai biéu dién kich thudc cho mdi dit lidu dau
ra cua ting 16p do, cot tha ba 1a s luong trong sé (weights) cho cho ting l6p. Hang

cudi cuing 1a tong hop s6 luong tham sé cho ca md hinh.
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2.5.4. Chuan bi dir liéu
a. Nhap dir liéu
Chung ta s€ dung tap di liéu hinh khudn mat nguoi tir tap di liéu IMFDB,
chira khoang 27642 anh mau, mdi anh ¢6 ma anh riéng, c6 cung dinh dang tép “.jpg”
va duoc phan thanh 3 d6 tudi khac nhau, trong d6 nhin phan loai di kém trong mot
bang dit licu dugc luu dudi dang tép “.csv”. Moi mot anh 1a mot khudn mat cia mot

nguoi va c6 do phan giai khac nhau theo tirng anh, nhu hinh minh hoa bén dudi (Hinh

2.31):
Ly

247.)pg 248.jpg

264.jpg 265.jpg

273jpg 275pg 278jpg 279pg 282jpg

Hinh 2.31 Bé di liéu dwec sir dung trong bai toan
Dir lidu dwoc luu trir trén mot thy muc trong may tinh. Dau tién ching ta s&
khai bao céc bién luu trit duong dan dén thu muc dir liéu, bao gém hai bién nhu:
“Train_data_dir” : Luu duong dan dén dix liéu anh cua tap huan luyén
“Test_data_dir” : Luu duong dan dén dit liéu anh cua tap kiém ching
Puoc thuc hién trong ngbn nglr python nhu sau:

# Define data directory|
Train_data_dir = "C:/Users/Kin/Documents/Drive D/Study and Learning/Luanvan_TN/Data/Face picture/train DETg9GD"
Test data dir = "C:/Users/Kin/Documents/Drive D/Study and Learning/Luanvan TN/Data/Face picture/test Bh8pGW3"
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Sau d6 nhap bang dit liéu luu trir thong tin nhan phan loai dudi dang file “csv”,
tuong tu nhu trén chiing ta khai bao hai bién :

“train” : Luu bang théng tin nhdn phan loai cua tap huan luyén

“test” : Luu bang thong tin nhan phan loai cua tap kiém chtng

Buoc thuc hién trong ngbn ngir python nhu sau:

# Import lable files|
train = pd.read_csv(os.path.join(Train_data dir, "train.csv"))
test = pd.read _csv(os.path.join(Test data dir, "test.csv"))

Sau khi khai bao va nhap bang dix liéu ching ta sé thir hién tao hai tap du liéu,
tap huan luyén va tap kiém chdng. Vi mé hinh mang CNN ma ching ta xay dung yéu
cau dir liéu dau vao 1a bo hinh anh c6 kich thudc bang nhau va cé kich thudc hinh
vudng, c¢6 nghia 1a chiéu dai bang chiéu rong. Nén chlng ta sé& thuc hién nhap di lidu
anh lan luot va chinh stra kich thuéc caa né. Pau tién ching ta khai bao cac bién nhu
sau:

“img_path” : Luu duong dan dén mdi hinh anh

“img” : Luu hinh anh da nhap vao

“temp” : Mang dé luu chil cac hinh anh

Chng ta thuc hién bang cach tao ham “Create_train_data()” nhu sau:

# Create the training data
temp = []
def create_train data():
for img name in train.ID:
img_path = os.path.join(Train_data dir, img _name) # define image dir path and name

img = io.imread(img_path) # read in the image
img = cv2.resize(img, (IMG_SIZE, IMG_SIZE)) # resize image
img = img.astype('float32")

temp.append(img)

Tuong tu nhu dit liéu kiém ching :

# Create the test data
templ = []
def create test data():
for img_name in test.ID:
img _path = os.path.join(Test data dir, img name) # define image dir path and name

img = lo.imread(img path) # read in the image

img = cv2.resize(img, (IMG_SIZE, IMG_SIZE)) # resize 1image
img = img.astype('float32")

templ.append(img)

Doan ma python trén thuc hién tao ham “Create_train_data()” trong do6 né thyuc

hién vong lip doc lan luot tirng hinh anh vao theo thi tu trong bang dir liéu (duoc
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lwu tai bién “train”) va luu trén bién “img” sao d6 thuc hién chinh sira kich thudc
bang phuong thirc “resize” va cudi cling gan vao mang “temp”. Tuong ty Voi ma cua
tap kiém ching.
b. Pinh dang di li¢u
Trudéc khi cho dit liéu vao md hinh mang CNN ching ta phai chuyén tap dit liéu
sang dang mang (Array) véi kich thuéc theo yéu cau caa md hinh CNN. O day chung
ta s& sir dung thu vién hd trg Pandas dé chuyén sang mang va chuyén dit liéu sang
dang mang nhu sau. Pau tién khai bao hai bién nhu:
“train_x”: Luu dit liéu mang hai chiéu cua tap huan luyén
“test x”: Luu dir liéu mang hai chiéu cua tap kiém chiing
Va thyc hién doan ma sau:

create_train_data()

train_x = np.stack(temp)
train_x = np.array(train_x).reshape(-1, IMG_SIZE,IMG_SIZE, 3) # Reshape the image to input into CNN
train_x = train_x / 255. # Normalize image

Thuc hién twong tu voi dit liéu kiém ching:

create_test _data()

test x = np.stack(templ)

test x = np.array(test x).reshape(-1, IMG SIZE,IMG SIZE, 3) # Reshape the image to input into CNN
test x = test_x / 255. # Normalize image

Poan ma trén thuc hién goi dén ham “Create_train_data()” da khai bao truéc
do dé lay dix liéu tra vé 1a mang cua cac hinh anh luu tri tai bién “temp”, sau d6 thuc
hién chuyén sang dang mang numpy bang céch gan vao bién “train_x” bang phuong
thirc “np.stack()” va ap dung phuong thirc “np.array()” dé gan dix liéu sang dang mang
numpy.

Két qua chling ta nhan duoc tai hinh sau:



[[145.
[144.,
[142.
[ 82.
[ 81.
[ 81.

[[144.
[143.
[141.
[ 96.
[ 94.
[ o4.

[[151.
[149.
[146.
[103.
[100.
[100.

49

73.,
72.,
70.,

32.,
32.,
32.,

69.,
68.,
66.,

39.,
38.,
1.,

74.,
72.,
69.,

a1.,
40.,
49.,

61.
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21.

58.
57.
55.
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-

]
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1,

Hinh 2.32 Mdng biéu dién di ligu hinh d@nh

Két qua nhan duoc 1 dit liéu duoc dinh dang theo mang, Mdi anh 1a mot méang
NumPy 2 chiéu, 128x128 pixel, voi mdi pixel c6 gia tri tir 0 dén 255, twong (ng Voi
gia tri giai mau cua ting diém anh trong hinh anh. Bé hd trg mé hinh mang thuc hién
céc phép toan nhanh hon chiing ta s& thuc hién Normalize céc gia tri diém anh bang
cach chia mdi gia tri diém anh véi 255. Két qua nhan duoc s& 1a mang véi gia tri cac
diém anh trong khoang tir 0 dén 1 nhu hinh sau:

.18431373
.18431373
.18431373

Q.
e.
e.

11764706
11764706
12156863

a.
a.
a.

14117648]
14117648]
13725491]

.13333334
»13725491
.13725491

e.
e.
e.

@8627451
89411765
89803922

a.
2.
a.

85490196 |
85882353 ]
958823531

1764706
.1764786
.17647@6

e.
e.
o.

18982292
11372549
11372549

.13333334]
.12941177 ]
.1254902 |

.13725491
.14117648
.14117648

8.
8.
e.

898627451
99803922
18196679

.85490196
.05882353]
.0627451 1]

. 16470589
. 16470589
16470589

Q.
o.
a.

10588235
10588235
18588235

.11764706 |
. 11764706 |
. 11764706 ]

.14589885
.14117648
.14117648

0.09919608
0.09019608
©0.09019608

a.
a.
a.

95490196 ]
05496196 ]
05496196] ]

Hinh 2.33 Mdng biéu dién diz liéu hinh @nh sau khi theec hign Normalize
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c. Phan chia dir liéu
Dé thuc hién phan chia dix liéu thanh hai tap dit liéu 1a tap huan luyén va tap
kiém tra, ching ta khai bao cac bién nhu :

“train_x" dé luu gia tri dir liéu caa tap huan luyén
“train_y” dé luu gia tri nhan cua tap huan luyén
“valid x” dé lwu gia tri dit liéu cua tap kiém tra
“valid_y” dé luu gia tri nhan cua tap kiém tra

Sir dung ham hd trg phan tap dix liéu “train_test split()” nhu sau :

# Split off the validation data
train x, valid_x, trainy, valid_y = train_test_split(train_x, train_y, test_size=e.15, random_state=42)

Nhan 1a mot mang cua cac s6 nguyén tir 0 dén 2, twong ang voi mdi lép do
tudi “Young”, “Old” va “Middle”. Tir mang s6 nguyén trén chlng ta phai thuc hién
dinh dang bang k¥ thuat one-hot encoding trudc khi dua vao mé hinh mang. One-hot
encoding 1 qua trinh bién ddi ting gia tri thanh cac dic trung nhi phan chi chta gia
tri 1 hodc 0. Mdi mau trong dic trung phan loai s& duoc bién d6i thanh mét véc to co
kich thuéc bang sé nhdn phan loai va chi véi mét trong cac gia tri d¢6 1a 1. Chung ta
thuc hién dinh dang cho hai mang 1a “train_y” va “valid_y” nhu sau :

# Change Lable to one-hot vector
1b = LabelEncoder()

train y = lb.fit transform(train_y.Class)

train y = keras.utils.np utils.to categorical(train_y)
valid y = 1b.fit_transform(valid y.Class)

valid y = keras.utils.np utils.to categorical(valid y)

Tir trén ching ta s& nhan duoc két qua biéu dién dudi bang dudi day:

Bdng 2.5 Dinh dgng nhan phén logi thanh véc to

Nhan S6 nguyén Mang dac trung nhi phan
Young 0 [0, 0, 1]
Old 1 [0, 1, 0]

Middle 2 [1,0,0]
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Két qua nhin duogc cudi cung sau khi thuc hién cac phuwong phap chuén bi dit

li¢u trén chiing ta s€ ¢o :

e 2 mang “train_x” va “train_y” 1a tap huan luyén. M6 hinh sé& hoc tir dix
liéu cia 2 mang nay.

e 2 mang “valid x” va “valid_y” 12 tap kiém thir. Sau khi mé hinh duoc
huan luyén xong, chung ta s& chay thir mé hinh véi dir liéu dau vao
tir valid_x dé 14y két qua, va so sanh két qua d6 véi dir liéu ddi tng

tir valid_y dé kiém thir chat luong ciia mang neuron.

2.5.5. Hudn luyén mé hinh
Sau khi chung ta dd chuan bi dit liéu va dinh nghia dugc mé hinh mang CNN
st dung dé phan loai do tudi xong tai muc trén. Nhung trude khi ching ta dua di liéu
vao md hinh dé thuc hién huan luyén ching ta s& ap dung cac k¥ thuat dé hd trg mo
hinh huan luyén hiéu qua va dua ra dugc két qua phan loai véi d6 chinh xac cao hon,
va trong mot sé trudng hop dé tranh Overfitting dit liéu huan luyén. Cac k¥ thuat st
dung gém co: ting cuong dir liéu (Data Augmentation) va can bang trong sé (Weight

balancing).

e Tang cuong dir licu:
Pau tién 13 khai bao ham “ImageDataGenerator()” dé thuc hién sinh dir liéu
tir tap dir liéu huan luyén ma ching ta dung. Dé str dung duoc ham nay ching ta phai

nhap phuong thirc tr thu vién “Keras™:
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from keras.preprocessing.image import ImageDataGenerator

data_aug = ImageDataGenerator(
featurewise center = False,
samplewise center = False,
featurewise std normalization = False,
samplewise std normalization = False,
zca_whitening = False,
rotation range = 45,
width shift range = 0.2,
height shift range = 8.2,
horizontal flip = True,
vertical flip = False

)

data_aug.fit(train_x)

Trong ham sinh dix liéu nay bao gom nhiéu tham so dé thao tac véi dit liéu cua
chung ta, nhung ¢ ddy chang ta chi thyc hién phép quay hinh anh véi s
“rotation_rage” bang 30 twong dwong véi quay vai goc 30 do, phép dich chiéu ngang
“width_shift” 20% va phép dich chidu doc “height_shift” 20%.

o Can bang trong sb:
Ching ta khai bdo mot bién “weights” dé luu gia tri trong sé cua ting nhan
ma chuing ta thay doi:
# Define weights |
weights = {
@:.21,

1:.50,
2:.29

Budc tiép theo ching ta s& dinh nghia bién va cac ham sir dung trong qué trinh
huan luyén, bao gdm céc bién nhu s6 vong chay huan luyén mé hinh va sé batch,
ham 13i va ham t6i wu. Pau tién ching ta khai bao bién:

“epoch_num” : S vong chay caa md hinh

“batch_size” : S6 luong mau di lidu trong mdi batch

epoch_num = 3@
batch size = 64

Vi s6 vong chay “epoch” chung ta khai bao véi 30 vong va “batch_size” la
64.



53

Tiép theo ching ta khai bao hai ham str dung trong qua trinh huan luyén bing
cach goi ham “compile()” vdi cac tham sé caa ham 1a “loss” 1a ham 16i ma ching ta
st dung, “optimizer” 1a ham téi wu va “metrics” 1a do do.

# Compile model

model.compile(loss="categorical crossentropy’,
optimizer= Adam(lr=0.0002),
metrics=[ "accuracy'])

Trong md hinh nay ching ta khai bao ham 16i 1a “categorical crossentropy”,
véi thuat toan téi uu sir dung 1a “Adam” vé6i tham sé “Ir”” hay “learning rate” bang
0,0002, va do do chung ta khai bao Accuracy la d¢ chinh xac ciaa moé hinh.

Trong thu vién keras ching ta thuc hién qué trinh huan luyén mé hinh bang
phuong thic “Fit()”, vai cac tham sb 1a “x” 1a di liéu huan luyén, “y” nhéan cta di
licu huan luyén, “batch size” s6 mau dir lidu trong mot batch, “epoch” s6 vong huan
luyén ctia mé hinh, “validation data” tap dit liéu kiém thir va “class weight” 1a mang
gia tri trong s6. ching ta cd thé thay cu thé nhu sau:

# Train the model
history = model.fit generator(
train_x,
train_y,
batch size = batch num,
epochs = 4,
validation data=(valid x,valid y),
verbose = 1,
class weight = weights)

Thuc hién huan luyén mé hinh, qua trinh huan luyén dugc minh hoa vai hinh anh bén
dudi (Hinh 2.34).



Train on 15924 samples, validate on 35982 samples

Epocch 1/3@
15524,/15924
cy: B.6765
Epoch 2/38
15524,/15924
cy: B.6763
Epoch 3/3@
15024/15924
cy: B.5899
Epoch 4/3@
15624,/15924
cy: B.6E35
Epoch 5/38
15624,/15924
cy: @.8755
Epoch 6/3@
15524/15924
cy: B.56051
Epoch 7/3@
15524,/15924
cy: B.7264
Epoch 8/3@
15524,/15924
cy: ©8.5939
Epoch 9/38
15524,/15924
cy: 8.7817
Epoch 18/3@
15024/15924
cy: B.7822
Epoch 11/3@
15624,/15924
cy: B.7949
Epoch 12738
15624,/15924
cy: 8.79069
Epoch 13/38
15524/15924
cy: B.7164
Epoch 14/38
15524,/15924
cy: B.7177
Epoch 15/38@
15524,/15924
cy: B.7137
Epoch 16/38
15524,/15924
cy: 8.7192
Epoch 17/38
15024/15924
cy: B.7258
Epoch 18/38@
15624,/15924
cy: B.7235
Epoch 158/3@
15624,/15924
cy: 2.7318
Epoch 28/38
15524,/15924
cy: B.7386
Epoch 21/3@
15524,/15924
cy: B.7464

2.6.

Trong chuong 11, Luan vin trinh bay gigi thiéu vé mang no ron tich chap, cau
trdc mang va cac ung dung trén thuc té sir dung mang no ron tich chap. Gigi thiéu vé
bo dit liéu st dung trong luan van tién xt Iy dir liéu va chuan bj cho mé hinh mang,
sau d6 x4y dung mot mé hinh mang dé giai quyét bai toan phan loai do tu

thuc hién huan luyén mé hinh. Trong chuong tiép theo t6i s& danh gia két qua huan

[

Két chuong

1

208095
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13as
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1795
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1385

1795
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181s

13as

1385

1385

13as

13ms/step

lams/step

1lms/step

1lms/step

1lms/step

1lms/step

1lms/step

1lms/step

1lms/step

1lms/step

1lms/step

1lms/step

1lms/step

1lms/step

12ms/step

1lms/step

1lms/step

1lms/step

1lms/step
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1lms/step

luyén va kiém chang ciia mé hinh.
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loss:
loss:
loss:
loss:
loss:
loss:
loss:
loss:
loss:
loss:
loss:
loss:
loss:
loss:
loss:
loss:
loss:
loss:
loss:
loss:

loss:
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L7651
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accuracy:

accuracy:

accuracys

accuracy:

daccuracy:

daccuracys
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accuracy:

accuracy:

accuracys

accuracy:

accuracy:
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accuracy:

accuracy:

accuracys

accuracy:

accuracy:
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-6739
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-BE36
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7083

.7856

.7ase
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. 7168
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. 7558
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wal_loss:
wal_loss:
wal_loss:
wal_loss:
wal_loss:
wal_loss:
wal_loss:
wal_loss:
wal_loss:
wal_loss:
wal_loss:
wal_loss:
wal_loss:
wal_loss:
wal_loss:
wal_loss:
wal_loss:
wal_loss:
wal_loss:
wal_loss:

wal_loss:

Hinh 2.34 Qua trinh hudn luyén mé hinh
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wal_accura

val_accura
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9

01 nguoi va
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CHUONG 3: CAI PAT VA THU NGHIEM

3.1. Cai dit méi truong thuc hién huan luyén va thir nghiém mang no

ron tich chap ap dung trén bd dix liéu thuc té.

Trong qua trinh trién khai va xay dung mé hinh cua luan van nay toi da ap
dung cé4c giai phap phan mém sau:

Ngbén ngir lap trinh Python

Python hién 1a ngdn ngix Iap trinh phd bién nhat cho nghién ciru va phat trién
trong linh vuc hoc may va hoc sau. Python cé nhiéu cac thu vién hd tro trong viéc
tinh toan sé hoc, xtr ly dit liéu, xir Iy hinh anh, d& dang trién khai cac thuat toan va
xay dung cac mo hinh hoc may.

Trong luan vang nay t6i ta sir dung ngbn ngir l1ap trinh Python vai phién ban
la Python 3.x cu thé 14 phién ban 3.6.1.

Cong cu va méi tredng tich hep ma nguon Python sir dung & Jupyter
Notebook

Jupyter Notebook 1a mot méi truong tinh toan tuong tac dua trén web dé tao
tai liéu s6 ghi chép Jupyter. N6 hd trg mot sé ngdn ngir nhu Python (IPython), Julia,
R, v.v. va phan 16n dugc sir dung dé phan tich dit liéu, truc quan hoa dir liéu va tinh
toan tuong tac, kham pha hon nia.

Cac thwr vién hd trg Python:

- Keras: 12 Framework ma nguon mé hd tro xay dung céc thuat toan hoc
may va hoc sau trén nén tang ngén ngir Python. Dic biét tap trung vao thi
nghiém vai cdc mo6 hinh mang hoc sau. Thu vién nay don gian hoa viéc thuc
hién cac mang than kinh. N6 ciing c6 cac chtc niang tot nhat cho cac mé hinh
dién toan, danh gia cac tap di lidu, hién thi biéu d6 va nhiéu hon nira.

- Tensorflow: thu vién nay duoc sir dung phé bién trong viéc viét céc
thuat toan hoc may va thuc hién céc tinh toan ma yéu cau chi phi tinh toan cao

lién quan dén mang no-ron.
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- Pandas: Mét thu vién khoa hoc dit liéu md nguon mé Python manh mé,
hd tro viéc thu thap dir liéu vao cac ciu tric (data frame) rd rang, cung cap
phan tich truc quan va dé dang thao tac.

- OpenCV: (Open Source Computer Vision Library) la mot thu vién ma
ngudn mé vé thi giac may (computer vision) va hoc may. Cung cap nhiéu tinh
nang thao tac vai dir liéu anh, xur ly anh.

- Mathplotlib: 13 thu vién hd trg Python duoc xay dyng riéng cho viéc
biéu dién dix liéu va tao c4c biéu d6 rat manh mé. C6 rat nhiéu cong cu dé tao
nhén, ludi, c4c biéu tuong v.v.

- Numpy: 1a mét thu vién python dugc sir dung dac biét dé tinh toan dir
licu khoa hoc hoic cac phép tinh toan hoc. cung cap rat nhiéu tinh niang hiru
ich cho cac phan thuc hién phép toan trong n-arrays va ma tran trong. Thu vién
nay cung cap kha ning vector hoa cac van hanh vé toan trong dinh dang array
NumPy, gitp cai thién hiéu suat va theo d6 1a toc do tinh toan.

- Scikit-learn: La mot thu vién phan mém mién phi cho hoc may, bao
gom cac thuat toan phan loai, hdi quy va phan cum khac nhau. Puoc coi la
mot trong nhitng thu vién tot nhat dé 1am viéc véi di lidu phic tap. Ngoai ra,

Scikit-learn c6 thé duoc sir dung két hop vi NumPy va SciPy.

M@i trweong cai dit:

3.2.

- May tinh hé diéu hanh Windows 10
- CPU Intel core i7 2680U 2.0GHz

- RAM8GB

- SSD 256 GB

Phwong phap danh gia

Dé danh gia hiéu suat cua bai toan phan loai van ban ching ta sir dung cac do

do nhu: Accuracy, Precision, Recall, va bang Confusion matrix. Pugc dinh nghia ¢

phan dudi. Bé uéc luong cac do do ndy, c6 thé dua vao bang sau:
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Bdng 3.1 Bang Confusion matrix

Du doan
0 1
Nhin 0 TN FP
1 FN TP

M6t s tiéu chi mé ta do hiéu qua caa mé hinh phan loai bao gom co:
Accuracy : Kha nang mo hinh phén loai du bao chinh xac, phan loai chinh xac
hay xac dinh dung nhan hoac 16p ddi véi dix liéu can phan loai. Puoc tinh bang
cong thuc:

TP +TN
(TP +TN) + (FP + FN)

Accuracy =

Precision : Pugc dinh nghia nhu 13 xac sudt ma mot dit liéu phan loai 1a 1 1a
mot phan loai dang (d6 chinh x4c ciia mdi lan dy doan). Pugc tinh todn udc
lugng nhu sau:

TP
TP + FP

Recall : Puoc dinh nghia nhu 1a xac sudt ma mot dit liéu véi nhan 1a 1 da dugc

Precision =

phén loai dung (d6 chinh x4c cta du doan cho tirng nhén). Pugc tinh toan udc
lugng nhu sau:

TP

R -
ecall = 257N

Panh gia két qua

Tur két qua cua qué trinh huan luyén trén, chang ta thuc hién kiém ching mé

hinh sau da huan luyén trén véi di liéu kiém chtng da chuan bi trudc d6 nhu sau:
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# Python script for confusion matrix creation
from sklearn.metrics import confusion matrix
from sklearn.metrics import accuracy score

from sklearn.metrics import classification report

test pred
test pred

model.predict classes(test x)
1b.inverse transform(test pred)

results = confusion _matrix(test y.Class, test pred)
print('Confusion Matrix :")

print(results)

print(‘Accuracy Score :',accuracy score(test y@.Class, test pred))
print('Report : ")

Print(classification_report(test_y.class, test pred))

Két qua nhan dugc duoc thé hién dudi day:

Score = model.evaluate(test x, test y, verbose=8)
print("Accuracy: %.4f%%" % (Score[1]*108@))

Accuracy: 86.3667%
Tir két qua kiém ching véi chi s6 danh gia 1a do chinh xac phan 16p cua mo
hinh ching ta nhan duoc & mirc trong duong 86.37% véi bo dir lidu kiem chang.

Ching ta s& xem xét v6i d6 do khac nhu Precision va Recall tir két qua duéi day:

Accuracy 5core ! ©.8626668905305575

Report :
precision recall fi1-score  support
MIDDLE 9.92 9.84 ©.88 1597
OLD 9.78 9.82 ©.806 374
YOUMNG 9,82 9.91 8.87 16867
accuracy ©.86 2978
macro avg 9.84 9.86 ®.85 2978
weighted avg 0.87 0.86 2.86 2978

Hinh 3.1 Két qud kiém ching md hinh
Két qua nhan dugc tir ba do do trén co thé thé hién dudi bang sau:

Bdang 3.2 Két qud phan logi ciza md hinh

Nhan Precision Recall

Middle 0.92 0.84
Old 0.78 0.82

Young 0.82 0.91

Trung binh 0.84 0.86
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Véi s6 do do Precision cho thy trong dit liéu kiém chang thi 84% dir ligu
duoc phan loai dung nhin. 6 do Recall cho chung ta thay 1a mau di liéu c6 nhan
phan loai duoc phan loai dang nhin ciia né véi Xac suat 1a 86%.

Pé danh gia duoc md hinh cu thé hon ching ta s& xem két qua phan loai trén
ting nhén, xem mo hinh ¢o ty I¢ phan nhén cua tirng nhén vaéi d@6 chinh xac la bao
nhiéu bang cach sinh bang Confusion matrix duéi day:

Bdang 3.3 Confusion matrix

Du doan
Middle Old Young
Middle 1346 73 178
Nhan
Old 49 305 20
Young 73 13 921

Bang 3.3 la ma tran phan tich d6 chinh xac ctia du doan nhan sau khi chay mo
hinh. Chlng ta cd thé nhan xét thiy c6 mot sé mau dix liéu duoc phan loai sai dic biét
la v6i mau ¢ nhdn phan loai la “Middle” thuong dugc nhan dang sai sang Young
nhiéu hon so véi “Old”, va nguoc lai cd&c mau c6 nhan phan loai 1a “Young” duoc
nhan dang sai nhiéu hon sang mau c¢6 nhan “Middle” so véi nhan “Old”.0 day chung
ta c6 thé thay Iy do xay ra I8i ndy mot phan 1a do hai d6 tudi ndy gan nhau, vé muc
tudi ciing gan sat véi nhau, vi tai nhan phan loai “Young” s& phan loai cho nhiing
ngudi co do tudi tir 13 dén 30, con véi nhan “Middle” 1a nhitng ngudi ¢6 muc tudi tir
31 dén 50. Do d6 1am cho c6 sy twong tu nhau giita nhitng ngudi ¢6 mic tudi gan
nhau nhu 29, 30 voi 31 tudi. Mot nguyén nhan nita cua viéc du doan sai nhin bat

ngudn tir bo dit liéu anh dau vao. Céc buc anh mat nguoi trong bo dir liéu IMFDB



60

chua thyc sy rd rang dé nhan ra dugc do tudi chinh xac caa ngudi trong hinh anh du

1a con nguoi nhu chiing ta. C6 thé nhan thay diéu nay véi vi du sau (Hinh 3.2):

Age: YOUNG Age:  YOUNG Age: MIDDLE Age: MIDDLE

0 20 4 60 80 100 120

20 4 6 8 100 120 40 6 80 100 120 0 2 4 6 & 100 120

Age: YOUNG Age:  YOUNG Age: MIDDLE Age: MIDDLE

"

0 20 4 60 8 100 120

100

+

120

0 20 4 60 8 100 120 0 20 4 60 80 100 120 0 20 40 60 80 100 120

Hinh 3.2 Vi du hinh dnh cé d tuéi tré “Young” (trdi) va anh cé dé tuéi trung binh
(Phai)
Tir bang trén ching ta cé thé thiy duoc két qua phan loai dung, sai cua ting
nhan nhu bang 3.4 dudi day:

Bdng 3.4 Két qud phan logi theo tirng nhan

Nhan phén loai Phan loai ding Phéan loai sai Tong s6 mau
Middle 1346 251 1597
Old 305 69 374
Young 921 86 1007

Tai 16p c6 nhan phan loai d6 tudi 1a “Old” thi m hinh phan loai ding 305 mau
trén tat ca 374 mau, twong duong v6i 81.55%. Vai 16p ¢ nhan phan loai 1a Middle,
md hinh phan loai ding 1346 mau trén tong s6 1597 mau, chiém 84,28%. Tuong tu,
X&c suat phan loai mau chinh xac ciia nhan “Young” 1a 91,46%.

Nhan xét: Véi két qua dat duoc tir md hinh trén cho thiy d6 chinh xéac phan

loai cia mé hinh twong ddi on dinh nhung chua dat duoc két qua tot nhat, ciing nhu
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d6 chinh xéac phan 16p cua nhin do tudi gia (O1d) c6 d6 chinh xac twong ddi thap so
véi cac 16p khac. Tir d6 t6i da nhan thdy duoc hai van dé chua giai quyét dugc trong
do bai toan nay 1a: Van dé vé xur ly bo di liéu mat can bang, do sé tong s6 mau cua
dir liéu mang nhan d6 tudi gia chi chiém 12% trong tat ca bo dit liéu. Véan dé thir hai
la mé hinh phan loai, chtng ta chwa xay dung duoc md hinh tét nhat dé thyuc hién bai
toan phan loai d6 tudi véi bo dit liéu nay, do han ché vé tai nguyén may tinh nén
khong kha ning xir Iy md hinh mé hinh véi 6 phic tap cao hon véi s6 tham sé6 md

hinh cao hon.

3.4. Két chwong

Trong chuong nay, t0i da trinh bay vé méi trudng cai dat, ngdn ngix 1ap trinh
va thu vién hd trg duoc sir dung va dua ra két qua, cling nhu nhitng phuong phap
phan tich danh gia mo hinh tir d6 danh gia dugc nhitng két qua dat dugc. Ngoai ra,
t6i da dua ra nhirng van dé anh huéng dén d6 chinh xac cua mé hinh huan luyén, tir

d6 cai thién do chinh xéac cua mé hinh trong nhitng nghién ciru sau nay dugc tot hon.
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KET LUAN

Trong luan vin nay, toi da dé xuat mot md hinh hoc sau sir dung mang CNN dé
nhan dién d6 tudi cua ngudi dwa vao hinh anh khuén mit. M6 hinh méi nay cho phép
str dung mét s lugng nho cac tham sé va dat hiéu suat 86%. Trong twong lai gan, toi
dang c6 ké hoach cai thién d6 chinh xac cia mé hinh, dic biét 1a ddi véi ude luong
d6 tudi bang cach thir &p dung dit liéu maéi tu thu thap va giai quyét duoc van dé nhan
dang thoi gian thuc. Mat khac, tdi sé ap dung mé hinh cua tdi cho cac bai toan khac
trong linh vuc thi gidc may tinh va hoc sau.

Nhitng két qua hoat déng chinh caa luan vin:

Trong pham vi luan van , T6i di tim hiéu duoc hai phuong phép tiép can dé giai
quyét bai toan phan loai do tudi dya vao anh mat ngudi, dé 1a vé phuong phap hoc
sau va phuong phap hoc may truyén thdng. T do, lva chon phuong phéap hoc sau dé
giai quyét bai toan phan loai do tudi. Tiép theo, di sau vao tim hiéu va nghién ctu
mét md hinh mang phé bién trong hoc sau — d6 1a mang no ron tich chiap bao gom
c4c thanh phan, kién tric mé hinh mang, chirc nang va ung dung thyc té cia nd. Cudi
cung la thuc hién xady dung mot mé hinh mang no ron tich chap cho bai toan phéan
loai do tudi nguoi bang hinh anh. Trong d6 thuc hién huan luyén, diéu chinh céc
thong sé trong mang va ap dung céac k¥ thuat dé dat dugc kha nang dy doan do tuoi
vai dd chinh xac 86%.

Luan van con mot s6 van dé tiép tuc phét trién. Do thoi gian, kinh nghiém, han
ché vé ngdn ngir nén khong tranh khoi cac sai sot, kinh mong duoc sy théng cam cia
cac Thay C6, cac Nha khoa hoc.

Pinh hwéng phét trién cia luan vin

Huéng nghién ctu tiép theo caa luan van sé tap trung vao phan xay dung mo
hinh mang phan loai d¢ tudi cia ngudi véi do chinh xac cao hon, c¢6 thé sir dung mo
hinh &p dung nhiéu tang tich chap theo kién tric mang VGGNet dé phan tich dugc
cac dic trung chi tiét hon. Thir nghiép ap dung Ky thuat over-sampling vao dir lidu
v6i nhan phan loai 1a gia "Ol1d”, dé tang thém d6 can bang caa bo dit liéu.

Ha noi, thang 5 nam 2020
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