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LOI CAM DOAN

Téi xin cam doan nhitng van dé duoc trinh bay trong luan van “Nghién citu
#ng dung mang no-ron trong viéc nhan dang mdt nguwoi” 1a do sy tim hiéu cua cé
nhan t6i dudi sy hudng dan cua TS. Nguyén Pinh Hoéa.

Tat ca nhitng tham khao tir cac nghién ctru lién quan déu duoc trich dan, néu
rd ngudn gdc mot cach rd rang tir danh muc tai liéu tham khao trong luan van.
Trong luan van nay, t6i cam doan khong sao chép nguyén ban tai liéu, cong trinh

nghién ctru caa ngudi khac ma khéng chi rd vé tai liéu tham khao.

Ha Néi, ngay ..... thang .... nam 2019

Tac gia luan van
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LOI CAM ON

Loi dau tién toi xin giri 10i cam on chan thanh nhat dén thay TS. Nguyén
Dinh Hoéa di tan tinh chi bao, huéng dan téi trong sudt qué trinh thuc hién luan van.

T6i xin chan thanh cam on cac thay co gido di giang day va giup d& toi trong
sudt thoi gian hoc chuong trinh cao hoc. CAc thay co di trang bi cho t6i nhitng kién
thirc quy bau dé 1am hanh trang cho tdi wng dung vao cong viéc hién tai ciing nhu
tuong lai.

Toi cling xin guri 161 cam on chan thanh dén céc ban déng mon, gia dinh, ban
bé da ludn ung ho, dong vién, giup d& va tao diéu kién tot cho t6i vuot qua nhiing

kho khin dé hoan thanh luan van nay.
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MO PAU

Tur khi may tinh dién tir ra doi, dac biét la khi kha nang xtr 1y tinh toan vuot
troi cua nd dwoc tng dung vao cac hé thong tro gitp con ngudi, con ngudi khong
ngirng mong mudn cd thé tao ra nhitng cd may c6 kha ning xir ly va quan st phan
tich hinh anh giéng véi hé thdng thi giac con ngudi. Nhan dang khudn mat 1a mot
trong nhirng linh vuc méi cua xu ly anh. Bac biét sau tham hoa ngay 11/9, nhan
dang duoc (ng dung rong rdi trong nhiéu linh vic cia doi song nhu nhan dang
trong linh vuc thwong mai, hay phéat hién t6i pham trong linh vuc an ninh, hay trong

linh vuc xtr ly video, hinh anh.

Hién nay ¢ rat nhiéu cac phwong phap nhan dang khéc nhau duoc xay dung
dé nhan dang mot nguoi cu thé trong thé gisi thuc. Tuy nhién viéc nhan dang dugc
mot ngudi trong thé giéi thuc 1a vo cing kho khin, boi vi dé nhan dang duoc ta
phai xay dung duogc tap co so dir ligu du Ion va viéc xu ly dir liéu 16n nay doi hoi
phai nhanh va chinh xac. Nhi¢m vu dat ra la nghién ctru va xay dung mot chuong
trinh str dung phuong phap nhan dang c6 do chinh xac cao ma khéi luong va thoi

gian tinh toan lai it.

Nam 1998, Daniel Bgraham va Nigel M Allinson da st dung phuong phap
duoc goi 14 tao ban sao khong gian dic trung dé biéu dién va nhan dang hudng di
chuyén cua khuén mit.

Nam 2001, Guodong Guo, Stan Z.Li, Kap Luk Chan da dung phuong phap
SVM dé nhan dang khuén mit. Str dung chién lugc két hop nhiéu b phan loai nhi
phan dé xay dung b phan loai SVM da 16p

Gan ddy nhit nim 2017, tai cudc thi “Sang tao tré Bach khoa 2017”. San
pham dat giai Nhat cudc co tén 1a “Hé théng nhan dang khuén mait BKFace”. Hé
théng cta 5 sinh vién dén tir 3 treong dai hoc c6 kha nang giai quyét 3 van dé cot
I6i: ngoai phat hién khudn mat con c6 nhan dién va xac thuc khudn mat. Ba tinh
ning nay gitp Bkface co thé ng dung vao nhiéu linh vuc phuc tap caa doi song:
nhu an ninh, diéu tra, truy bat toi pham.



Convolutional Neural Network (CNNs — Mang no-ron tich chap) la mot
trong nhitng md hinh cua mang no ron nhan tao tién tién gitp cho ching ta xay
dung duoc nhitng hé théng théng minh véi do chinh xac cao. Mang no-ron tich
chap duoc ap dung khéa nhiéu trong cac bai toan nhan dang nhu nhan dang vat thé
trong anh, nhan dang chir viét tay (chuyén ddi chir viét trong hinh anh thanh vin
ban thé trong may tinh), nhan dang vat thé 3D, xu ly tiéng noi, xtr ly ngdn ngir tu
nhién, nhan dang mat ngudi qua anh, video.... V&i do chinh xac cao. Trong luan
van cao hoc nay, tac gia di vao nghién ciru vé mang noron, md hinh mang noron
CNN trong phan 16p anh va tng dung cia mo hinh nay trong nhan dang khuén mat

v6i dé tai: “Nghién cizu ing dung mang no-ron trong viéc nhan dang mét ngueoi”.

C4u trdc cua luan vin duoc thé hién qua ba chuong chinh, véi cac noi dung

tom luoc nhu sau:

Chuong 1: Trinh bay tong quan vé mang noron nhan tao bao gém cau tric co

ban va mot s6 (ng dung trong thyc té cia mang no ron nhan tao.

Chuong 2: Trinh bay chi tiét vé mang no ron tich chap, y nghia cung ung
dung caa mang no ron tich chap trén thuc té, cu thé 1a trong xu Iy anh ndi chung va
nhan dang mat nguoi ndi riéng.

Chuong 3: Trinh bay céc noi dung vé viéc tng dung mang no ron tich chap
trong nhan dang khuén mit ngudi. Trong chuong nay gidi thidu cu thé vé bo dit liéu
duoc sir dung trong nghién ctu cua luan vin ciing nhu cac két qua nhan dang khudn

mat sir dung mang no ron tich chap.

Luan vin duoc két thdc bang phan két luan va muc tai liéu tham khao.



CHUONG 1. TONG QUAN VE MANG NORON
1.1. Giéi thiéu mang noron nhén tao
1.1.1. Lich si phat trién ciia mang noron

Mang noron nhan tao di c6 mét lich sir phét trién lau dai. Nam 1940 véi
cong trinh caa Warren McCulloch va Walter Pitts [6]. Ho chi ra rang vé nguyén tic,

mang ctia cac noron nhan tao cd thé tinh toan bat ky mot ham sé hoc hay logic nao.

Tiép theo hai nguoi 13 Donald Hebb, éng di phat biéu rang viéc thuyét 1ap
luan c6 dién (classical conditioning) 1a hién thuc béi do cac thuoc tinh cua ting
noron riéng biét. Ong ciing néu ra mot phuong phap hoc cua cac noron nhan tao.
Ung dung thuc nghiém dau tién cua cac noron nhan tao c6 dwgc vao cudi nhitng
nam 50 cung v&i phat minh cia mang nhan thac (perceptron network) va luat hoc
tuong wng boi Frank Rosenblatt. Mang nay c¢6 kha ning nhan dang cac mau. Piéu
nay da mo ra rat nhiéu hy vong cho viéc nghién ciru mang noron. Tuy nhién né c6

han ché Ia chi c6 thé giai quyét mot s 16p hitu han cac bai toan.

Cung thoi gian d6, Bernard Widrow va Ted Hoff da dua ra mot thuat toan
hoc méi va sir dung né dé huan luyén cho cac mang noron tuyén tinh thich nghi,
mang c6 cau tric va chic ning twong ty nhu mang cua Rosenblatt. Luat hoc

Widrow-Hoff van con duoc st dung cho dén nay.

Tuy nhién ca Rosenblatt va Widrow-Hoff déu clng gap phai mot van dé, do
Marvin Minsky va Seymour Papert da phat hién ra, do la cac mang nhan thuc chi co
kha nang giai quyét cac bai toan kha phan tuyén tinh. Ho ¢ gang cai tién luat hoc
va mang dé co thé vuogt qua duoc han ché nay nhung ho da khong thanh cong trong
viéc cai tién luat hoc dé c6 thé huan luyén dugc cac mang c6 cau tric phic tap hon.

Do nhitng két qua ctia Minsky-Papert nén viéc nghién ctu vé mang noron
gan nhu bi dinh lai trong suét mot thap ky do nguyén nhan 1a khong c6 duoc cac

may tinh du manh dé c6 thé thyc hién.



Mic du vy, ciing c6 mot vai phét kién quan trong vao nhitng nim 70. Nam
1972, Teuvo Kohonen va James Anderson ddc 1ap nhau phat trién mot loai mang
méi c6 thé hoat dong nhu mot b nhé. Stephen Grossberg ciing rat tich cuc trong

viéc khao st cAc mang tu té chic (Self organizing networks).

Vao nhimg nim 80, viéc nghién ciru mang noron phat trién rat manh mé
cuing véi su ra doi cia PC. C6 hai khai niém méi lién quan dén sy hdi sinh nay, d6 1a:
- Viéc sir dung cac phuong phap thdng ké dé giai thich hoat dong cia mot
l6p cac mang hoi quy (recurrent networks) c6 thé duoc ding nhu bo nhd lién hop

(associative memory) trong cong trinh ctia nha vat ly hoc Johh Hopfield.

- Sy ra doi cua thuat toan lan truyén nguoc (back-propagation) dé luyén céc
mang nhiéu 16p duoc mot vai nha nghién ciru doc lap tim ra nhu: David Rumelhart,

James McCelland,.... D6 ciing 1a cau tra loi cho Minsky-Papert.
1.1.2. Mang noron sinh hgc

Nio ngudi 1a to chuc vat chat cap cao, ¢ cau tao vo clng phuc tap, day dac
cac moi lién két giira cac noron nhung xtr Iy théng tin rat linh hoat trong maéi truong
bat dinh.

Trong bo ndo ngudi c6 khoang 10 — 102 té bao than kinh dwoc goi 1a cac
noron va mdi noron cé thé lién két véi 104 noron khéc théng qua cac khop ndi than
kinh (synapse). Dudi con mat cia nhitng ngudi 1am tin hoc cau tao caa mdi noron

gdm cac thanh phan co ban sau:

- Than noron duoc gidi han trong mot mang membran va trong cung la nhéan.
N6 1a noi tiép nhan, tong hop va phat ra cac xung than kinh hay céc théng tin sau
khi da duoc tong hop. Tir than noron con c6 rat nhidu dudng ré nhanh tam goi 1a ré.
- “Bus” lién két noron ndy véi cac noron khac dugc goi la axon, trén axon c6

céc duong ré nhanh. Noron con c6 thé lién két vai cac noron khac qua cac ré. Chinh

vi cach lién két da dang nhu vay nén mang noron c6 do lién két rat cao.
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Hinh 1.1. M hinh mang noron sinh hoc

Cac ré cua noron dugc chia 1am hai loai: ré dau vao nhan théng tin tir cac
noron khic qua axon va ré dau ra dua thong tin qua axon téi cac noron khac. Mot
noron cé thé ¢6 nhiéu ré dau vao, nhung chi c6 mot ré dau ra. Boi vay néu coi noron

nhu mot khau diéu khién thi n6 chinh 1a khau c6 nhiéu dau vao va mot dau ra.

Quaé trinh hoat dong ciia mot noron 1a mot qua trinh dién hod tu nhién. Khi
6 tac dong tir bén ngoai vao noron, t&c & dau VA0 ciia noron xuat hién mot tin hiéu
tac dong vuot qua ngudng can bang cia né thi noron s& & trang théi kich thich.
Trong té bao noron xay ra hang loat cac phan @ng hoéd hoc tao thanh luc tac dong
lam noron bi kich thich hoan toan. Thé ning sinh ra khi noron ¢ trang théi bi kich
thich hoan toan nay chi ton tai vai mili gidy sau dé noron lai tré vé trang thai can
bang cii. Thé ning nay duoc chuyén vao mang qua axon va c6 kha ning kich thich

hodc kim hdm tu nhién cac noron khac trong mang.

Mot tinh chat rit co ban cua mang noron sinh hoc 1a cac dap @ng theo kich
thich c6 kha nang thay doi theo thoi gian. Cac dap ung co thé tang lén, giam di hoac
hoan toan bién mat. Qua cac nhanh axon lién két cac té bao noron véi nhau, su thay
ddi trang thai cua mot noron dan theo su thay ddi trang thai cia nhirng noron khac
va dan t6i sy thay do6i cia toan bo mang noron. Viée thay ddi trang thai cua mang

noron cé thé thyuc hién qua mot qua trinh “day” hodc do kha ning “hoc” tu nhién.



Hoat dong tu duy cua con nguoi phan nhidu mang tinh cha quan dinh tinh,
dua trén nhitng bai hoc, kinh nghiém hoc duoc tir khi con nhé. Cang I6n dan thi
nhitng bai hoc hay kinh nghiém cua con ngudi ngay cang nhiéu, gitp con nguoi giai
quyét cac van dé trong tu nhién, xa hoi tét hon. B ndo cd kha niang tu thay doi cau
truc dé thich nghi dan véi méi truong, 1am cho cau trdc bd ndo ngay cang tro nén
phtrc tap sau mdi 1an hoc. C4u trdc cia mang noron sinh hoc ciing luén ludén duoc
phét trién va thay doi. Mot s6 cau tric cua noron duge xac dinh trudc, mot sé sau
nay méi duoc hinh thanh va mét sé thi bi huy bo qua qué trinh chon loc tw nhién,

hoc va thich nghi.

Qua qua trinh tim hiéu, nghién ctu cau tric va hoat dong cta bd ndo ngudi,
cac nha khoa hoc da va dang xay dung va phat trién cac mé hinh xir ly théng tin mo

phong hoat dong cua b nao nguoi. Po6 chinh 1a mé hinh mang noron nhan tao.
1.1.3. Mang noron nhan tgo

Mang noron nhin tao bao gom nhiéu noron doc lap lién két véi nhau. Trudc
khi dinh nghia thé nao 14 mang noron nhan tao, chling ta s& tim hiéu mé hinh cua

Mot noron nhan tao.

Mot noron nhan tao phan anh céc tinh chit co ban cua noron sinh hoc. Mdi
noron nhan tao la mét don vi xir li thong tin lam co s& cho hoat dong cia mot mang
noron. N6 ¢6 chirc nidng nhan tin hiéu vao, tong hop va xu ly cac tin hiéu vao dé

tinh tin hiéu ra. Dudi day 1a mét md hinh ctia mot noron nhén tao:

P! L]

e i1 ()
F ) Wiz Z - f — -
e Wiz

Hinh 1.2. M6 hinh mgng noron



Vi muc dich tao ra mot md hinh tinh toan phong theo cach lam viéc cua
noron trong b nio con nguoi, vao nam 1943, cac tac gia McCulloch va Pitts [6] da

dé xuat moét mo hinh toan cho mét noron nhu hinh 1.2.

Trong md hinh nay, mét noron thir i s& nhan céc tin hiéu vao pjvéi cac trong

n
s6 tuong ang 12 wy;, tdng cac thong tin vao cé trong sb 1a: D, W; P; +b;.
=1

Thong tin dau ra & thoi diém t+1 duoc tinh tir cac thong tin dau vao nhu sau:

a(t+1) = f(zwijpj +b,) (1)

=

Trong d6 f 12 ham truyén c6 dang 1a ham buéc nhay, né déng vai tro bién doi
tir thong tin dau vao thanh tin hiéu dau ra:
néu x>0

0
f(x)= {1 néu x<0 (2)

Nhu vay, a = 1 (&ng véi viéc noron tao tin dau ra) khi tong cac tin hiéu vao
I6n hon d6 léch bi, con a = 0 (noron khdng tao tin hiéu ¢ dau ra) khi tong céc tin

hiéu vao nho hon do léch b.

Trong mé hinh noron caa McCulloch va Pitts, cac trong s6 wij thé hién anh
huong ciia khép ndi trong lién két gitra noron j (noron giri tin hiéu) va noron i
(noron nhan tin hiéu). Trong sé wij dwong ung véi khép ndi kich thich, trong sé &m
ng véi khép ndi tre ché con wij bang 0 khi khdng co lién két giira hai noron. Ham
truyén f ngoai dang ham budc nhay con cé thé chon nhiéu dang khac nhau va s&

dugc dé cap & cac phan sau.

Thong qua cach mo hinh hoa don gian mdt noron sinh hoc nhu trén,
McCulloch va Pitts da dua ra mot md hinh noron nhan tao c6 tiém ning tinh toan
quan trong. N6 cd thé thuc hién céc phép toan logic co ban nhu AND, OR va NOT
khi cac trong s va ngudng dugc chon phi hop. Su lién két gitra cac noron nhan tao

véi cac cach thuc khac nhau s€ tao nén cac loai mang noron nhan tao vai nhirng tinh



chat va kha ning lam viéc khac nhau. Mot noron nhan tao dugc thé hién théng qua

cac thanh phan co ban sau:

- Tap cac dau vao: 1a tin hiéu vao cua mang noron, cac tin hiéu nay thuong
duoc dua vao dudi dang mot véc to R thanh phan, hodc tin hiéu ra cua cac noron

thuoc 16p dang trudc.

- Trong sé lién két: 1a trong s lién két giira tin hiéu vao thi j cho noron i.
Thong thuong cac trong sé nay dugc khoi tao ngau nhién ¢ thoi diém khoi tao

mang va dugc cap nhat lién tuc trong qué trinh hoc.

- B tong (ham téng): thuong dung dé tinh tong cua cac dau vao da duoc

nhan véi céc trong s lién két cua no.
- Do léch (bias): thuong duoc dwa vao nhu mot thanh phan caa ham truyén.

- Ham kich hoat (ham truyén): ham nay dung dé xac dinh va gioi han gia tri
dau ra cua mdi noron. N6 nhan dau vao 1a két qua caa ham tong két hop véi do léch

da cho. Cac ham truyén rét da dang c6 thé I tuyén tinh hoac phi tuyén.

- Pau ra: la tin hiéu dau ra cia mot noron, véi mdi noron sé o téi da mot gia tri

dau ra.

Vé mit toan hoc cau trdc cia mét noron i duoc biéu dién bang biéu thire sau:
a=f(wp,+b) (3)
i1

Trong d6:  pj: 1a tin hiéu dau vao thi j
wij: 1a trong s6 lién két ciia noron i cho dau vao j
f : 1a ham kich hoat (ham truyén)
bi: 1a 0 léch

ai: dau ra



Nhu vay cling twong tu nhu noron sinh hoc, noron nhén tao ciing nhan cac
tin hiéu dau vao, xt Iy (nhan céc tin hiéu nay véi trong sb lién két, tinh tong cac tich
thu duoc két hop voi do 1énh rdi gui két qua tgi ham truyén), va cho mét tin hiéu
dau ra 1a két qua caa ham kich hoat.

1.1.4. Cac ham kich hoat (ham truyén)
a. Ham d6ng nhat (Linear function, Identity function): f(x) = x

Néu coi cac dau vao 1a mot don vi thi chiing sé st dung ham nay. Doi khi

mot hang s6 duoc Nhan véi net-input dé tao ra mot ham dong nhat.

fix)

L J

Hinh 1.4. D6 thi ham dong nhat
b. Ham nhi phéan (Binary step function, Hard limitfunction)

Ham nay con dugc goi l1a ham ngudong (Threshold function hay Heaviside

function):

I, nfux>¥6
fx= )
0, néu x<0d

(4)
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=
=
LA
B

A

[
L]
e
=

Hinh 1.4 a. Pé thi ham buwéc nhi phan véi 0 =1

c. Ham sigmoid (Sigmoid function (logistic))

1
x = (5)
U 14+e*
Jx)
""""""""" 1 '7"""'"
X
Hinh 1.5. P6 thj ham sigmoid
d. Ham sigmoid ludng cuc (Bipolar sigmoid function (tansig))
l—e™

X = 6
/ l+e ©)

Hinh 1.6. P4 thi ham Ham sigmoid lwéng Cuc
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1.2. CAu tric mang noron

Mic du hiéu biét ciia con ngudi vé kién triic va hoat dong ciia ndo con chua
day du, nhung chung ta c6 thé tao ra duoc cac may c6 mot sé tinh ning twong tu
nhu bo ndo. Mang no ron nhéan tao 1a mot cong cu md phong cach bo ndo hoat dong
nham thuc hién cac nhiém vu nao d6. Mot mang no ron 1a bo xur Iy song song phan
tan 16n, n6 giéng bod nio ngudi vé 2 mat:

- Tri thac V& dir liéu duoc nam bt boi cac no ron thong qua qua trinh hoc.

- CAc trong s6 két néi no ron déng vai tro khop ndi cat gitr tri thie da duoc

hoc ciia mang no ron.

Trong phan trudc, kién tric va ciu tao caa mot no ron don 1é da duoc gigi
thiéu so qua. Cac no ron nay s& két ndi véi nhau theo mét quy tic nao d6 dé tao
thanh mot mang no ron. Tinh niang ctia hé thong nay tuy thudc vao cau trlc cua hé,
cac trong s6 lién két no ron va qua trinh tinh toan tai cac no ron don 1é. Mang no
ron c6 thé dugc huan luyén bang céc dit liéu mau, va co kha nang tong quat hoa cac
mo hinh dit liéu dua trén cac mau cho trudc.

Cac loai mang no ron nhan tao duoc xac dinh bai cach lién két giira cac no
ron, trong sé cua cac lién két d6 va ham truyén tai mdi no ron. Dudi day 1a mot sb
Kién tric mang no ron dién hinh.

Mang tu két hop - autoassociative: 1a mang cé cac no ron dau vao ciing 1a

céc no ron dau ra (mang Hopfield).

Hinh 1.7. Mang tu két hop.
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Kién truc truyén thang - feedforward architechture: 1a kiéu kién tric
mang khong c6 cac két ndi nguoc tro lai tir cic no ron dau ra vé cac no ron dau vao;
mang khong Iuu lai Cac gia tri output trudc va cac trang thai kich hoat ctia no ron.
Cac mang no ron truyén thang cho phép tin hiéu di chuyén theo mét duong duy
nhét; tir dau vao t6i dau ra, dau ra cia mot tang bat ki s& khdng anh huéng téi tang
d6. Cac mang kiéu Perceptron 13 mang truyén thang.

Tang vao Tang an

Tang ra
e .

Hinh 1.8. Kién triic mang truyén thang.

Kién trac phan hoi - Feedback architecture: 1 kiéu kién tric mang c6 cac
két ndi tir no ron dau ra téi no ron dau vao. Mang luu lai cac trang thai trude do, va
trang thai tiép theo khong chi phu thudc vao cac tin hiéu dau vao ma con phu thudc
vao cac trang thai trude d6 ctia mang. Mang feedback c6 chu trinh khép khin goi la

mang quy hoi (recurrent network).

Hinh 1.9. Kién tric mang phdn hoi.
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1.3. Cac luat hoc cua mang noron
1.3.1. Hoc c6 giam sét

Mang duoc huan luyén bang cach cung cap cho né cac cap mau dau vao va
cac dau ra mong mudn. Muc dich 1a xay dung mang dé ung véi mdi dau vao trong
tap huan luyén thi két qua dau ra cia mang cho dung bang dau ra mong mudn, dé
lam dugc diéu d6 phai diéu chinh dan mang do ton tai su khéc biét giira dau ra thyuc
té va dau ra mong mudn. Su khac biét nay dwoc thuat toan hoc sir dung dé diéu
chinh cac trong sé trong mang. Viéc diéu chinh céc trong sé nhu vay thuong duoc
mo ta nhu mot bai toan xap xi sé - cho dir liéu huan luyén bao géom cac cap (mau
dau vao x, va mot dich twong tng t), muc dich 13 tim ham f(x) thoa man tat ca cac

mau huan luyén dau vao. Hoc c6 giam séat bao gom:

- Phan loai (classification): 1a dang hoc c6 giam sat v4i ham dich nhan gia tri
roi rac.

- Hoi quy (regression): 1a hoc c6 giam sét vé&i gia tri ham dich nhan gia tri

lién tuc. So dd cua hoc ¢ giam sat dugc thé hién trén hinh 1.10.

D liéu hoc
Bdu vao Béu ra mong mudn

‘ Bich
v
_ Mang o \-. Léi

P&y Bébura \ J
vao T——

Thay d6i Ham dsi
trong s8

Thuat toan hoc
I (phuong phap e wu)

Hinh 1.10. Hoc c0 giam sat
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1.3.2. Hoc khong giam sat

Hoc khéng giam st 1a cach hoc khong c6 phan hdi tir méi truong dé chi ra
rang dau ra cua mang 1a dung nhu thé ndo. Mang s& phai kham pha cac dic trung,
cac diéu chinh, cdc mdi twong quan, hay cac 16p trong dit liéu vao mot cach ty
dong. Trong thuc té, dbi véi phan 16n cac bién thé cua hoc khong giam sat, cac dich
trung véi dau vao. N6i mot cach khéc, hoc khdng giam sat thuc hién mot cong viéc
twong tu nhu mot mang tu nhién lién hop, c6 dong théng tin tir dit liéu vao. Hai

dang hoc khdng giam sét pho bién la:

- Phan cum (clusstering): 1a cac d6i twong duoc phan chia thanh mot sb
nhom sao cho mdi nhém gom nhiing ddi twong giong nhau va khac voi cac doi

tuwgng caa nhém khac.

- Luat hoc két hop (association rule learning): la cach phat hién nhiing dbi

tuong hoic thudc tinh thudng xuyén xuit hién cling nhau.
1.3.3. Hoc ban giam séat

Hoc béan giam sat 1a mot ky thuat cua nganh hoc may dé xay dung mot ham
tir dir liéu huan luyén sau d6 tong quat hda md hinh chung cho tat ca céc dit liéu
duoc gan nhan va dit liéu chua duoc gian nhdn. Nham tao ra mot két qua nhu mong

mudn.

Mot sé phuong phap sir dung hoc ban giam sat: Generative Models, Sime —

Supervises Support Vector Machines — S3VM, Self — Training.
1.4. Phan loai mang noron
1.4.1. Phan logi theo sé lép
Dua theo s6 16p thi mang noron gdm hai loai: mang mot I6p va mang nhiéu 16p.

- Mang mét 16p: Mang maot 16p ciu thanh tir mot 16p mang, nd vira 1a 16p

vao vura la 16p ra.
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Hinh 1.11. M6 hinh mgng noron 1 lop

- Mang noron nhiéu 16p: Mang nhiéu 16p dugc cau thanh tir nhiéu 16p lién
két voi nhau, bao gom maét 16p vao, 16p an va mot 16p ra. Trong d6, 16p nhan tin
hiéu dau vao duogc goi 1a 16p vao. Cac tin hiéu dau ra caa mang duoc san sinh bai
I6p ra ctia mang. Céc 16p nam giita 16p vao va 16p ra duoc goi 1a 16p an. Lép an la
thanh phan noi tai cia mang, n6 khong c6 bat ky tiép xdc nao véi moi trudng bén
ngoai. S6 luong 16p an co thé dao dong tir 0 dén maot vai I6p. Tuy nhién thyc té cho
thay chi can mot 16p an 12 mang da du dé giai quyét dugc mot 16p cac bai toan phuc

tap nao.
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“n

vao an ra

Hinh 1.12 . M6 hinh mang noron nhiéu lép
1.4.2. Phan logi theo s lién két gida cac lop

Su lién két trong mang noron tuy thudc vao nguyén 1y twong tac giita dau ra
cua ting noron riéng biét véi noron khac va tao ra cau tric mang noron. V& nguyén
tac s& co rat nhiéu kiéu lién két giira cac noron, nhung chi c6 mot sé cau tric hay

gap trong rng dung sau:
- Mang truyén thang (Feedforward neural networks)

Dong dir liéu dau vao tir cac noron dau vao dén cac noron dau ra chi duoc
truyén thang. Viéc xu ly dit liéu c6 thé mé rong ra nhiéu 16p, nhung khong co cac
lien két nguoc. Tac 13, khéng cd cac lién két tir cac don vi dau ra téi cac don vi dau

vao trong cung mot l6p hay cac l6p trude do.

Néu mé hinh ho mang truyén thang bang mot d6 thi, thi nd 1a mot do thi co
huéng hitu han khong chu trinh. Trong d6, mdi noron 1a mét ndt, cac lién lién két giia
cac noron 13 cac cung cua do thi. Hinh 1.12 1a mot minh hoa vé mang truyén thang

nhidu 16p.
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- Mang héi quy (mang ndi nguoc) (Recurrent neural network)
Khéac véi mang truyén thang, mang hodi quy c6 chira cac lién két nguoc. Mo
hinh hod mang héi quy bang mét d6 thi thi né 1a mot dd thi c6 huéng hiru han cé

chu trinh.

Hinh 1.13 M& hinh mang hgi quy
1.5. Két luan

Trong chuong ndy, chiing ta tim hiéu cac khai niém, cau trdc va céc luat hoc
ctia mang no ron noi chung, déng thoi di phan loai mang noron. Trong chuong tiép

theo tac gia s€ trinh bay mang noron CNN trong nhan dang khudn mat nguoi.
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CHUONG II- MANG NO-RON VA UNG DUNG TRONG
NHAN DANG MAT NGUOI

2.1. Téng quan vé mang noron tich chap

Mang no-ron tich chap (CNN — Convolutional Neural Network) la mot trong
nhitng mé hinh mang Hoc sau phd bién nhit hién nay, cé kha ning nhan dang va
phan loai hinh anh véi d6 chinh xac rat cao, tham chi con tét hon con ngudi trong
nhiéu truong hop. M6 hinh nay di va dang duoc phat trién, ung dung vao cac hé
théng xur 1y anh 16n caa Facebook, Google hay Amazon... cho cic muc dich khac
nhau nhu cac thuat todn tagging tu dong, tim kiém anh hoic goi y san pham cho
nguoi tiéu dung.

M6 hinh mang neural truyén thang ra doi da duoc ap dung nhiéu vao cac bai
toan nhan dang. Tuy nhién, d6i véi dir liéu hinh anh, mang neural truyén thang thé
hién khong thuc sy tét. Chinh su lién két qua day du tao nén nhitng han ché cho mé
hinh. Dix liéu anh c6 kich thudc kha 16n, mot bac anh xam 32x32 diém anh s& cho
ra vector dic trung c6 1024 chiéu, ddi véi anh mau cung kich thuéc s& c6 3072
chiéu. Piéu nay ciing c6 nghia 1a can téi 3072 trong s6 0 ndi giira 16p dau vao va
mot node trong 16p an tiép theo. Sé luong trong sé s& cang nhan rong hon néu sb
luong node trong 16p an ting 1én va sb luong 16p 4n ting 1én. Nhu vay chi véi mot
birc anh nho 32x32 thi ciing can dén mot md hinh mang neural truyén thang kha db

s6. diéu nay khién cho viéc thao tac vai cac birc anh I6n hon kha khé khan.

Hon nita, viéc lién két day du cac diém anh vao mot node trong mang 13 du
thira vi su phu thudc 13n nhau gitra cac diém anh xa nhau 1a khdng nhiéu, ma cha
yéu 1a su phu thudc giita cac diém anh 1an can nd. Dua trén tu twong nay, mang
neural tich chap ra doi véi ciu tric khac han mang neural truyén thang. Thay vi
toan bo anh ndi truc tiép voi mot node thi chi c6 mot phan cuc bé trong anh néi véi
mot node trong 16p tiép theo. D liéu hinh anh ban dau qua cac Iép caa md hinh

mang neural tich chap s& hoc duoc ra cac dic trung dé tién hanh phan Iép hiéu qua.
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V& co ban, CNN bao gom céc lép sau: 16p tich chap (Convolutional layer),
I6p ham Kkich hoat (Activation layer), I16p pooling (Pooling layer) hay con goi la I6p

subsampling, 16p két nbi day dua (Fully Connected layer).

Trong md hinh CNN (Hinh 2.1), cac 16p duoc lién két voi nhau thong qua co
ché tich chap. L6p tiép theo la két qua cua tich chap cua l6p trude d6, nho vay ma ta
¢ dugc céc két ndi cuc bo. Nghia 1a mbi neural & 16p tiép theo duoc sinh ra tir cac
bo loc ap dat 1én mot vang anh cuc b6 cua neural & 16p trude do.

Mdi l16p nhu vay duge ap dit cac bo loc khac nhau, thong thuong cé vai trim
dén vai nghin bo loc nhu vay. Mot s6 16p khac nhu pooling/subsampling duoc dung

dé chit loc lai c4c thdng tin hitu ich hon.

224x224x3 224x224x64

)IX 56 x 256
28><28x131214 14 r32><?><512
ey 1x1x4096 1Xx 1 X1000

@ convolution+ReLU
@ max pooling
| fully connected+ReLU

| softmax

Hinh 2.1. M6 hinh CNN

Trong sudt qué trinh huan luyén, mang neural tich chap tu dong hoc duoc
c4c thong sb cho céac bd loc. Nhu trong phan loai anh, CNN s& ¢6 ging tim ra théng
s6 tdi wu cho cac bo loc twong (ng theo tha t Diém anh ban ddu — canh — hinh

dang — mat — dic trung muc cao. Lop cudi ciing thuong dugc ding dé phan loai anh,
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2.1.1. Lop tich chdp
2.1.1.1. Tich chap

Tich chap (Convolution) 1a phép toan thuc hién véi hai ham sé, ki hiéu Ia *.
Phép tich chap dugc tng dung trong thdng ké, thi giac may tinh, xi ly anh va xir ly
tin hiéu,... Tich chap cua ham sb f va g duoc viét 1a f * g, 1a mot phép bién ddi tich
phan dic bist

(ﬁwxo=ffvmu—ﬂm=ffv—ﬂmow ™

Trong d6:  T: bién gia
t: bién thoi gian
Mot cach téng quat, cac ham f va g 1a ham sb phuc trong khéng gian RY, tich

chap duoc dinh nghia la:

()0 = [ f@ge=ndy= [ fa-ngoidy

Doi voi Tich chap roi rac, voi ham sé phac f va g xac dinh trén tap sb
nguyén Z, thi tich chap duoc dinh nghia

o]

(f*g)n) = Z fm)g(n —m)dm (9)

m=—oo

2.1.2.2. Tich chap trong xu ly danh

Tich chap lan dau tién dugc sir dung trong xt Iy tin hiéu s6, nho vao nguyén
ly bién doi thdng tin, cc nha khoa hoc da ap dung k¥ thuat nay vao xir ly anh va
video. Pé d& hinh dung, ta c6 thé xem tich chap nhu mét cira so6 truot &p 1én mot ma
tran. Cira s6 trugt con dugc goi 1a nhan (kernel).

Hinh 2.2 minh hoa cach tinh tich chap trén ma tran anh den trang. Ma tran
anh den tring c6 mdi 6 gia tri 1a mot diém anh 0 1a mau den, 1 14 mau tring. Ta

ding mot ma tran 3x3 nhan , nhan tiring thanh phan twong tng véi ma tran anh. Gia
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tri dau ra do tich cac thanh phan nay cong lai. Két qua cua tich chap 1a mot ma tran
sinh ra tur viéc truot ma tran nhan va thuc hién tich chap cung luc Ién toan bé ma

tran anh géc.

1/0]/of1({0] |1 5(1]3
Ol x|o|1(1] |8
- BE
1/0
o|1[1]0]1
1/0{/o|1]0 513
glalaloli1] |2 2|32
1(0[1({0|1|x|0]1 2|24
1/0/o[1({0] |1
o|l1|1]0]1

Hinh 2.2. Minh hea tich chgp trén ma trdn anh

Sau day 1a mot s6 vi du cua tich chap trén anh. Lam mo anh goc bang cach
ldy gia tri trung binh cua cac diém anh xung quanh cho vi tri diém anh trung tam,
Hinh 2.3. Ngoai ra, con c6 thé phat hién bién canh bang cach tinh vi phan giita cac
diém anh I1an can, Hinh 2.4.

V6i dau vao 1a mot anh 3 chiéu W x H x 3, c6 d6 sau 1a 3, hay con duoc goi 1a 3
kénh mau, ta co tich chap 3 chiéu bang céch tinh riéng tich chap cho 3 kénh nay voi

mot b loc, sau d6 14y trung binh cong cua ba két qua dau ra, ta duoc tich chap 3 chiéu.
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Hinh 2.3.a. Tim bién canh cho danh véi tich chap

(el[=]ll=]le]le)
Ot | ek |1t | ©

Ot | ok |t | ©

Ot | e [ [ ©

(=l le] o] fo] =)

Hinh 2.3.b. Lam mo anh gaéc véi tich chdp
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Input Volume (+pad 1) (7x7x3) Filter W0 (3x3x3) Filter W1 (3x3x3) Output Volume (3x3x2)
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Hinh 2.4. Minh hoa tich chdp 3 chiéu

Hinh 2.4 1a mot vi du minh hoa cho viéc tinh tich chap 3 chiéu. Pau vao la
mét ma tran c6 ba kénh biu di&n cho mot anh 3 chiéu. Ta st dung hai bo loc WO va
W1. Cho mdi kénh cta ma tran tinh tich chap voi hai bd loc sau d6 1ay trung binh

cong cua ba kénh, ta dugc dau ra 1a mot ma tran c6 hai kénh twong g véi hai bo loc.
2.1.2. Lop ham kich hogt

Ham kich hoat ReLu (Rectified Linear Unit), sau mdi lép tich chap thuong
dugce dat mot 16p ham kich hoat phi tuyén dé tao ra thong tin triru twong hon cho
cac 16p sau. Ham kich hoat thuong duoc stir dung la ham ReL.U hoac ham tanh. NOi
mét cach don gian, 16p nay c6 nhiém vy chuyén toan bo gia tri &m trong két qua cé

duoc tur 1op tich chap thanh gié tri khdng am.
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2.1.3. Lop Pooling

Lop pooling sir dung mot cira s6 truot quét qua toan bo anh, mdi lan truot
theo cac budc truot cho trude. Lép pooling khdng tinh tich chap ma tién hanh ldy
mau con. Khi cta so truot trén anh, chi c6 mot gia tri dwgc xem 14 gia tri dai dién
cho thdng tin anh tai ving d6 duoc giir lai, gia tri nay goi la gia tri mau. Ta ciing co

thé chia anh thanh cac 6 hinh chir nhat khéng chéng lap nhau dé 1ay mau.

Lép pooling s& cho tinh bét bién d6i voi phép dich chuyén, phép quay va
phép co gidn. Lop nay thuong duoc str dung ngay sau I6p ham kich hoat, dé don
gian hoa thong tin dau ra, giam bét s6 lwong neural, giam bét lugng tinh toén, va do
d6 cling giam bot hién tuong qua khop. Cac phuong thuc lay pho bién trong 16p
pooling 1a max pooling (liy gi4 tri 16n nhat, Hinh 2.5), min pooling (lay gié tri nho

nhat) va average pooling (lay gia tri trung binh), trong d6 max pooling 1a pho bién nhat.

a2 | 4

X ‘ MaxPooling vai 2x2 filter
5 6 7 8 va bude trugt 2 6 I 8
3210 ) 3|4
1 | 2 ESHIES

y

Hinh 2.5. Max Pooling vdi loc 2 x 2
2.1.4. Lop két noi ddy dii

Lép Két ndi day da (Fully Connected - FC) twong tu véi 1op trong mang
neural truyén thang, cac gié tri anh duoc lién két day du vao cac node trong 16p tiép
theo. Sau khi anh dugc xtr Iy va rat trich déc trung tir cac 16p trude do, dir liéu sé
khong con qué I6n so véi md hinh truyén thang dé tién hanh nhan dang. L6p két ndi

day du dong vai trd phan 16p dir lidu dya trén dir lidu da dugc xir 1y trude d6. O 16p
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nay ta thuong dung ham softmax dé phan loai dir liéu twong tu nhu trong mang

neural truyén thang
2.1.5. Nguyén ly hoat dong

CNN duoc hinh thanh bang cach ghép cac 16p da néu ¢ trén lai. CNN bit dau
véi 1op tich chap. Theo sau lop tich chap luén la mot I6p ham kich hoat, doi khi ta
c6 thé ghép ca hai 16p lai thanh mot 16p. Cac 1op tiép theo co thé 1a 16p pooling
hoic 16p tich chap tiy theo kién tric ma ta muén xay dung. Cubi cung s& 1a 16p FC,
dé tién hanh phan 16p dix liéu. Hinh 2.6 12 vi du vé cau triic cuia CNN.

pooled Fully-connected 1

feature maps pooled feature maps  feature maps
feature maps
@
I r i I Al

r

000000
(XX

Outputs
Input

Convolutional Pooling 1 Convolutional
layer 1 layer 2

Pooling 2

Hinh 2.6. Vi du vé cdu tric CNN

Dai véi bai toan nhan dang anh, ta thuong goi ma tran anh 16p dau vao 1a anh
Xa dic trung (feature map). Nhu vay véi mot anh 2 chiéu dau vao qua mot bo loc sé
cho ta mot anh xa dic trung tiép theo. C6 nghia 13, mdi bo loc cho ta mot anh xa dic
trung twong GNg VGi anh dau vao. Trong nhan dang anh, ta can nhiéu hon mét anh

Xa dic trung cho mdi 16p.

Vi du ¢ hinh 2.7, vé&i anh dau vao kich thude 32 x 32, b loc ¢6 kich thuéc 5
x 5. Ta thidy mdi anh xa dic trung can 5 x 5 = 25 trong sé va 1 huéng, nhu vay moi
anh xa dic trung can 26 tham s6. Néu c6 10 &nh xa dic trung thi ta can 26 x 10 =
260 tham sb. Ta xét lai tir dau, néu 16p dau tién c6 FC nghia 1a ta c¢6 32 x 32 = 1024
neural dau vao, nhu vay chi ¢ 30 neural 4n. Ta can 32 x 32 x 30 = 30720 trong s
va 30 huéng. Téng tham s6 1a 32 x 32 x 30 +30 = 30750 tham sb 6n hon rat nhiéu

so voi tham sb trong CNN. Vi duy vira roi chi mé ta dé thay duoc sy ude lugng sd
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tham s6, chtr chung ta khong so sanh dugc truc tiép vi hai mé hinh khac nhau.

Nhung néu mé hinh ¢6 s6 lugng tham sé it hon thi s& chay nhanh hon.

INPUT Feature maps Feature maps Feature maps Feature maps OUTPUT
28 x 28 4@24 x 24 4@12x12  12@8x 8 12@4x4  26@1 %1
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Hinh 2.7. M6 hinh chi tiét cau tric 1 CNN
2.1.6. Overfitting

Overfitting 1a hién tugng md hinh tim duoc quéa khép véi dix lidu huan luyén,
do d6 qua khop c6 thé dan dén viéc du doan nham nhiéu, va chat luong mé hinh
khdng con tét trén di liéu kiém tra nira. Di liéu kiém tra dugc gia st 1a khong duoc
biét trudc va khong duoc sir dung dé xay dung md hinh. V& co ban, qué khép xay ra
khi mé hinh qué phic tap dé mé phong dit liéu huan luyén. Diéu nay dic biét xay ra
khi lwong dit liéu huan luyén quéa nho trong khi d6 phirc tap mé hinh qué cao. Trong
perceptron da 16p, d6 phuc tap cua md hinh cd thé duoc coi 1a sé lugng céc 16p an

va sd luong cac node trong cac 16p an.

O Hinh 2.8, ta ¢6 50 diém dit liéu duoc tao boi mot da thire bac ba cong thém
nhiu. Tap dit liéu duoc chia lam hai. 30 diém dit liéu mau doé cho huan luyén di
liéu, 20 diém dir liéu mau vang cho viéc kiém tra mo hinh. D6 thi cua da thirc bac
ba nay duoc biéu dién boi dudng mau xanh 14 cdy, con dudng mau xanh duwong biéu
dién cho md hinh du doan da thirc. Ta nhan thiy, véi mé hinh du doan c6 bac hai,
md hinh dy doan chwa khdp véi mé hinh thuc té. M6 hinh du doan co bac bang ba

va bon khop vai dix lidu huan luyén va khop véi ca md hinh thyc té. M6 hinh dy
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doan c6 bac bang tim qua khép véi dit liéu huan luyén, dan téi khong khép voi md
hinh thuc té.

Bic = 2 : underfiting Bde = 3 - Good 1 fir

e M ki
T

Hinh 2.8. Overfiting

Mot bai toan trén thuc té thuong rat phac tap va sé ¢6 nhiéu nhiéu, viéc mo
hinh qua khép véi dix lidu huan luyén s& dan dén dy doan sai nhidu, dan dén két qua
tinh toan thap. Vi vay, khi xay dung mot md hinh, qua khép 1a diéu ta ludn can
tranh. Sau dy 14 hai dai luong don gian dé danh gia chat luong cta mé hinh trén di
liu huan luyén va dix liéu kiém tra. Gia st, y 1a nhan cua di liéu va § 1a dau ra dy

doan ctia mo6 hinh, khi do:

- Sai 6 huan luyén (train error) thuong 1a ham 16i &p dung Ién dit liéu huan
luyén. Ham I8i nay tinh ton that trung binh trén mdi diém di liéu huan luyén. Véi

hoc c6 giam sat hdi quy, dai lwong nay thuong duoc dinh nghia

1
sai s6 huan luyén = —— Z lly = 9115

huan luyén .. 1 O3 uyen

- Sai s6 kiém tra (test error)twong tu nhu sai sé huan luyén, nhung viéc tinh
toan duoc &p dung trén dit liéu kiém tra. Luu ¥, dir liéu kiém tra chi dé danh gia mo
hinh da duoc xay dyng bang dir liéu huan luyén, khong dugc ding trong qué trinh

xay dung ma trinh.
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Vi luong dit liéu trong hai tap huin luyén va kiém tra c6 sy chénh léch rat
I6n, nén viéc 14y trung binh 1a rat quan trong. Mot mé hinh duoc coi 12 tét hay khop
néu ca hai dai luong sai s6 hun luyén va sai sé kiém tra déu thap. Néu sai s6 huan
luyén thap nhung sai s6 kiém tra cao, ta ndi mé hinh bi qua khép. Néu sai s6 huan
luyén cao va sai s6 kiém tra cao, ta n6i md hinh bi duéi khép (underfitting). C6 rat
nhiéu ky thuat duoc st dung dé tranh qué khép, dién hinh 1a duyét chéo (Cross-
Validation) va diéu chinh (Regularization). Trong k¥ thuat diéu chinh c6 hai k¥
thuat thuong dung la giam trong s6 (Weight Decay) va loai bo (Dropout).

2.1.7. Phwong phdp lwa chon moé hinh
2.1.7.1. Phuong phap tap duyét

Theo nhu binh thudng ta s& chia tap dir liéu thanh hai phan 1a tap dix liéu
huan luyén va tap dir liéu kiém tra. Khi xay dung mé hinh ta khong duoc dung di
liéu trong tap dix liéu kiém tra. Pé danh gia dwoc chit lugng ciia mé hinh d6i voi dit
liu chua thay bao gio, ta c6 phuong phap don gian nhat Ia trich tir tap dir liéu huan
luyén ra mét tap con nho va ta thuc hién viéc danh gia mo hinh trén tap con nho
nay. Tap con nho duoc trich ra tir tap dix liéu huan luyén goi 1 tap duyét (validation
set). Luc nay, tap di liéu huan luyén maéi chinh la phan con lai cua tap dir liéu huan
luyén ban dau sau khi trich ra tap duyét. Sai s6 huan luyén s& duoc tinh trén tap
huan luyén mai nay. Ta c6 mot khai niem moi la sai s6 duyét (Validation Error). Sai
s6 duyét dugc tinh twong tu nhu sai sb kiém tra, nhung thay vi tinh trén tap kiém tra
thi sai s6 nay duoc tinh trén tap duyét. Vi khai niém méi 1a tap duyét, ta sé ¢ gang
tim mot mé hinh sao cho ca sai s6 huan luyén va sai sé duyét déu nho. Qua dé co
thé dy doan Sai s kiém tra ciing nho. Phuong phap thuong sir dung 1a s dung
nhiéu md hinh khac nhau, néu mé hinh nao cho sai s6 duyét nho nhat s& 1a mé hinh
t6t. Khi md hinh cang phuc tap thi sai s6 huan luyén c¢6 xu hudng cang nho di.
Thong thudng ta bit bat dau bang moé hinh don gian, sau d6 ting dan d6 phuc tap
cua md hinh. Cho t&i khi Sai s6 duyét c6 xu huéng ting 1én thi ta dirng va chon md

hinh ngay trudc no.
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2.1.7.2. Phirong phép kiém duyét chéo

Trong nhiéu trudng hop, dit liéu dé xay dung mé hinh bi han ché. Néu ta lay
qua nhiéu dir liéu dé 1am tap xac nhan thi phan con lai cua tap huan luyén s& khdng
du dé xay dyng mé hinh. Khi d6, ta phai lay luong dit liéu dé 1am tap xac nhan that
nho dé giir cho lugng dit liéu trong tap huin luyén con lai da 16n. Tuy nhién, mot
van d& mai lai phat sinh. Luong dit liéu trong tap xac nhan qué nho s& dan dén hién
tuong quéa khép xay ra trén tap huan luyén con lai. Dé giai quyét van dé nay, mot
cai tién cua ky thuat xac nhan duoc dé suat 1a ky thuat duyét chéo (Cross -
Validation).

Trong ky thuat duyét chéo, ta s& danh gia chat luong mé hinh trén nhiéu tap
duyét c6 luong dit liéu nho khac nhau. Co nghia 13, ta chia tap huan luyén thanh k
tap con, khdng c6 phan tir chung, s lwong phan tir trong mdi tap nho, cac tap con
nay c6 kich thudc gan bang nhau. Tai mai lan kiém thir hay dugc goi 1a chay, ta s&
ldy ra mot tap con dé lam tap duyét, va phan con lai 1a tap huan luyén méi. Qua
nhiéu lan kiém thu, ta xac dinh mé hinh dya trén trung binh cua céc sai s6 huan
luyén va sai s6 duyét. Ky thuat nay con duoc goi 1a duyét chéo k-gap (k-fold cross
validation). Truong hop dic biét, khi k bang voi sé lugng phan tir trong tap huan
luyén, tirc 1a mdi tap con chi c6 mét phan tir, thi ta goi truong hop nay 1a ky thuat

loai bo mot phan tir (leave-oneout).
2.1.7.8. Phwong phdp diéu chinh

K3 thuat duyét chéo c6 mot nhuge diém 16n 1a s6 lwong cac lan chay trong
qua trinh huan luyén ti 18 thuan véi gia tri , c6 nghia 13 s6 cac tap con cang 16n thi
s6 lan chay xay dung mé hinh cang nhiéu. Trong khi c4c bai toan cua May hoc ¢
lugng tham sb thuong rat Ion, khoang gia tri caa mdi tham sé rong, tham sé ¢ thé
c6 gié trj thuc. Nhu vay, viéc chi xay dung mot mé hinh théi cling di rat phuc tap.
C6 mot cach 1am giam di sé mé hinh can huan luyén, tham chi chi con mét mé

hinh. Céch nay c6 tén goi chung la k¥ thuat diéu chinh (Regularization)[17].
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K3 thuat diéu chinh duoc hiéu mot cach co ban 1a thay ddi md hinh mét chat
dé tranh su qua khép trong khi van giir duoc tinh tong quat cua tap duyét. Tinh tong
quat nay I tinh mé ta duoc nhiéu dit liéu, trong ca tap huan luyén va tap kiém tra.
Mot cach cu thé hon, ta s& ¢b ging di chuyén nghiém cua bai toan tdi wu ham 15i toi
mot diém gan n6 hon. Huéng di chuyén s& 1a hudng 1am cho mé hinh it phic tap

hon mac di gia tri cia ham 15i c6 ting 1én mot cht.
2.1.8. Dropout

Loai bo (Dropout) 1a mot ky thuat diéu chinh (regularization) nham giam sy
qua khép trong mang neural bang cach ngan chin sy dong bién phic tap trén tap di
liu huan luyén. Thuat ngir loai bo dé cap dén viéc loai bo cac node (ca node an va
node nhin thiy dugc) trong mot mang neural. Trong mang neural sdu chira nhiéu
I6p an khong tuyén tinh. Piéu nay thé hién mo hinh co thé hoc duoc cac méi quan
hé rat phirc tap giita dau ra va dau vao. Tuy nhién, véi dit liéu huan luyén han ché,
nhiéu mdi quan hé phic tap nay co thé dan dén két qua caa viéc lay mau bi nhiéu.
Vi vay, cac mau nhidu nay s& xuat hién trong tap huan luyén ma khéng xuat hién
trong tap kiém tra. Biéu nay dan dén hién tuong qué khop. Viéc loai bo nay tuc 1a
cho cac node gia tri bang 0, roi tinh toan truyén thang va truyén nguoc nhu binh
thuong. Ta nén két hop sir dung k§ thuat loai bo nay véi ki thuat khac, chang han
nhu k¥ thuat suy giam trong s6. Thong thudng, mot sé md hinh hoc sau sir dung k¥
thuat loai bo trong 16p két ndi day di. Nhung ta ciling c6 thé st dung k§y thuat loai

bo sau cac 16p pooling, tao ra mot s6 anh ting thém nhidu.
2.2. Tong quan vé bai toan nhan dang

Nhan dang mat ngudi & mot trong nhirng tng dung quan trong cua thi giac
may tinh ndi riéng cling nhu khoa hoc may tinh noi chung. Bai todn nhan dang
khubn mit nguoi vén duoc nghién ciu tir nhitmg nim 1970 va cho dén nay, rat
nhiéu nghién ciru 1an tng dung cho bai toan nay da ra doi. Bai toan nhan dang mit
ngudi ¢ thé 4p dung rong réi trong nhiéu linh vuc khac nhau. Céc ung dung lién

quan dén nhan dang mit ngudi ¢ thé ké nhu: hé théng phét hién toi pham, hé théng
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theo ddi nhan sy trong mot don vi, hé théng tim kiém théng tin trén anh, video dua
trén noi dung,.... Dé giai quyét bai todn nay, can xac dinh hai van dé chinh. Thi
nhat, dung thong tin nao dé nhan dang, ching han nhu mit, mii, miéng, chan
may,... hay két hop tat ca cac théng tin trén. Th hai, dung phuong phap nao dé
nhan dang nguén thong tin d6 [3].

Hé théng nhan dang mat nguoi véi tap dir lieu dau vao 1a bo anh vé mat
nguoi da thong qua tién xir 1y, nhu cac ky thuat xir Iy anh (can bang sang, tach
ngudng, histogram ...), cling nhu giai doan phat hi¢n mat nguoi (Face Detection).
T tap dit liéu ndy hé thong s& tién hanh trich chon cac dic trung. Qua trinh rut trich
dic trung nham giam s6 chiéu cua khéng gian dit liéu bang céch loai bo bét nhiing
thanh phan (chiéu) du thira trong dit liéu sao cho lwgng théng tin sau khi rdt trich
van dam bao cac dic trung cta dir liéu ban dau. Tur cac dic trung dugc trich chon,
sé tién hanh so khép, phan 16p dé nhan dang. Pay La giai doan cudi clng trong bai
toan nhan dang mat nguoi. So sanh dac trung anh véi dac trung cua toan bo anh
trong co s& dir liéu nhan dang. Dwa vao khoang céch so sanh, hé thong xac dinh
thong tin caa ngudi dugc nhan dang. Thuong di liéu dic trung dugc thé hién bang
mot vector nén cé thé dung khoang cach Euclid giita hai vector dé phan lép, ngoai
ra ngudi ta ciing c6 thé dung két hop PCA, LDA va d6 do Mean-KNN dé tinh
khoang cach két hop, tir d6 cho ra két qua.

2.2.1. Ung dung cia nhgn dang khudn mat

C6 nhiéu tng dung da duoc xay dyng, tdi xin trinh bay mot s6 tng dung chinh:

Hé thong tuong tac gitra ngudi va may: gilp nhitng nguoi bi tat hodc khiém
khuyét c6 thé trao ddi. Nhitng nguoi diing ngdn ngir tay co thé giao tiép véi nhitng
ngudi binh thuong. Nhimng nguoi bi bai liét thdng qua mot sé ky hiéu nhay mat co
thé biéu 16 nhitng gi ho mudn, .... D6 1a cic bai toan diéu bo cua ban tay (hand

gesture), diéu bo, khudn mat.
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Nhan dang nguoi A ¢6 phai la toi pham truy na hay khong? Gilp co quan an
ninh quan ly tét con nguoi. Cong viéc nhan dang c6 thé o trong méi trudng binh

thudng ciing nhu trong béng téi (st dung camera hong ngoai).

Hé thdng quan sat, theo ddi va bao vé. Cac hé thong camera s& xac dinh dau
la con nguoi va theo ddi con nguoi d6 xem ho ¢6 vi pham gi khong, vi du xam

pham khu vuc khong dugc vao, ....

Luu trit (rGt tién ATM, dé biét ai r(t tién vao thoi diém do), hién nay c6 tinh
trang nhitng ngudi bi nguoi khac lay mat thé ATM hay mat ma s6 PIN va nhiing
ngudi an cip nay di rat tién, hoac nhitng ngudi cha thé di rat tién nhung lai bao cho
ngan hang la mat thé va mat tién. Cac ngan hang c6 nhu cau khi co giao dich tién s&
Kiém tra hay luu trit khubn mat ngudi rat tién dé sau d6 ddi chiing va xt ly, thé can

cudc, ching minh nhan dan (Face ldentification).

Diéu khién vao ra: van phong, cong ty, tru o, may tinh, Palm, .... Két hop
thém van tay va mong mit. Cho phép nhan vién duoc ra vao noi can thiét, hay mdi
nguoi s& dang nhap may tinh ca nhan cia minh ma khéng can nhé tén dang nhap

cling nhu mat khau ma chi can xac dinh théng qua khudn mat,

An ninh san bay, xuat nhap canh (hién nay co quan xuat nhap canh My da ap
dung). Dung dé xac thuc nguoi xuat nhap canh va kiém tra c6 phai la nhan vat

khung bé khong.

Tuong lai s& phat trién cac loai the thdng minh c6 tich hop san dic trung cua
ngudi dung trén do, khi bat ¢ ngudi dung khac dung dé truy cap hay xu ly tai céc
hé thong s& duoc yéu cau kiém tra cac dic trung khudn mat so véi the dé biét nay

O phai la chu thé hay khong.

Tim kiém va t6 chic dit liéu lién quan dén con ngudi thong qua khudn mat
ngudi trén nhidu hé co so dit liéu luu trir that 16n, nhu internet, cic hing truyén
hinh, .... Vi du: tim cac doan video cé tong thong Bush phat biéu, tim cac phim c6

dién vién Ly Lién Kiét dong, tim cac tran da banh c6 Ronaldo da.
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Hién nay c6 nhiéu hudng tiép can dé xac dinh mot anh co phai 1a anh khoa
than hay khéng? Khubn mit ngudi duge xem nhu mot yéu té dé xac dinh cho mot

huéng tiép can ma duoc dung gan day.

Kiém tra trang thai nguoi lai xe ¢6 ngu gat, mat tap trung hay khong, va hd

trg théng bao khi can thiét.

Phan tich cam xdc trén khuén mat.
2.2.2. Cdc hwong tiép can bai toan nhan dgng khudn mat
2.2.2.1. Huéng tiép cdn ddc trung

C6 hai hudng tiép can chinh lam hat nhan cua céc ky thuat phan tich dic

trung mat ngudi: hudng tiép can hinh hoc va huéng tiép can hinh anh [1].

Huéng tiép can hinh hoc: str dung viéc anh xa khong gian cac dic trung mit
nguoi. Mat nguoi dugc phan loai theo khoang cach hinh hoc, theo duong bao va

theo céc goc gitra cac diém.

Huéng tiép can hinh anh: bao gom viéc xay dung cac mau tir nhitng dic
trung mit ngudi. Mau cia cac dic trung ndi bat, hoic tham chi 1a toan khuén mat
duogc thiét lap, viéc nhan dang duoc thuc hién bang cach duyét cac khudn mat roi

tim mat nao khép nhat vai mau.

Hién nay hé théng nhian dang mit ngudi van dang tiép tuc duwoc phét trién.

Dudi ddy toi trinh bay mot s6 phwong phép trich chon dic trung:
- Phuong phap phan tich thanh phan chinh (Principal Component Analysis - PCA)

- Phuong phap phan tich biét s6 tuyén tinh (Linear Discriminant Analysis -
LDA)

- Phuong phap bién ddi hinh thai
- Phuong phap trich déc trung tu dong (Deep Neural Networks - DNN)

a. Phuong phap phan tich thanh phan chinh
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Y tuéng chinh cia phuong phép phan tich thanh phan chinh (Principal
Component Analysis - PCA) 1a tim céac vector biéu dién nhiing sy phan bé dac
trung nhét caa céc anh trong toan bo khong gian anh. Nhitng vector nay hinh thanh
nén mot khdng gian con ctia cac dnh duoc goi 1a “khong gian mit ngudi”[17]. Mdi
anh 1a mot ma tran MxN cac diém anh, ma tran nay dugc chuyén thanh mét vector
bang cach xép céc cot diém anh lién tiép nhau. Nhu vay, mdi anh duoc coi 1a mot
diém trong khong gian MN chiéu. Céc vector cua tap anh huan luyén dugc xép
thanh mot ma tran. Tur ma tran nay, ta sé tinh dugc ma tran hiép phuong sai cua dir
lieu, 12 ma tran trong d6 mdi phan t (i, j) 12 gié tri hiép phuong sai giira chiéu thi i
va chiéu thir j. Cong viéc tiép theo 1a tinh cac gia tri riéng va vector riéng cia ma
tran hiép phuong sai. Cac vector riéng chinh 13 cac thanh phan dic trung cho su
phan b cua tap dit lieu. Cudi ciing, ma tran bién doi cua phuong phap PCA 1a ma
tran hinh thanh tir cac vector riéng &ng véi cac gia tri riéng Ion nhat vira tinh duoc,
nghia 1 cac thanh phan dic trung nhat, con cac thanh phan kém quan trong hon s&
dugc bo qua dé giam s chiéu cua dir liéu [4]. Muc tiéu cia PCA 1a tim mét khong
gian méi (vé6i sé chiéu nho hon khong gian cii). Cac truc toa do trong khéng gian
méi duoc xay dung sao cho trén mdi truc, ¢ bién thién cua dir liéu trén d6 1a 16n

nhét co thé.

Phuong phap phan tich thanh phan chinh cho phép xac dinh cac mau trong
mot tap dir lieu va biéu dién dir liéu theo cach co6 thé 1am ndi bat duoc su gidng
nhau va khéc nhau gitra cac mau. Vi cdc mau cd thé rat kho tim ra trong dir liéu
nhiéu chiéu (do khdng thé biéu dién truc quan bang d6 hoa), nén PCA la mét cong
cu hiru hiéu dé phan tich dir lieu [1].

b. Phuong phap phan tich biét s tuyén tinh

Phuong phap PCA & trén con c6 nhuoc diém 1 chi 1am ndi bat 1én cac dic
trung cua ting anh, ma chua quan tdm dén céc anh d6 1a cia cing mot ngudi hay
cua nhitng ngudi khac nhau. Phuwong phap phan tich biét s6 tuyén tinh (Linear

Discriminant Analysis - LDA) ¢6 thé khic phuc duoc nhitng nhugc diém dé [4].
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Nhiém vu chinh cia phuong phap 1a tinh sy bién thién gitra cac anh cua
nhitng ngudi khac nhau va tinh sy bién thién gitra cac anh cia ciing mot nguoi, sau
d6 tim mot phép bién ddi dé 1am cuc dai ti s6 cua hai su bién thién trén. Nghia 13,
tap anh huan luyén s& duoc bién dbi sang mét khéng gian méi sao cho su khac nhau
giita cac 9 anh cua nhiing ngudi khac nhau duoc ting 1én tdi da, con sy gidng nhau

giita cac anh cua cung mot ngudi dugc 1am cuc tiéu [1].

LDA cho phép danh gia khiach quan vé tim quan trong caa thdng tin hinh
anh trong cac dic diém khac nhau cua khudn mat dé xac dinh khubn mit nguoi.
LDA ciing cho ching ta mét tdp hop nhoé cac tinh nang ma thuc hién phu hop nhat
thong tin cho cac muc dich phan loai. Phuong phap LDA khic phuc nhitng han ché
cua phuong phap phén tich thanh phan chinh bang cach ap dung céc tiéu chuan
phan biét tuyén tinh. Muc tiéu cia LDA 1a thyc hién giam chiéu trong khi van giit
cang nhiéu cac thong tin phan biét gitra cac 16p cang tét. Tim hudng doc theo d6 cac
l6p dugc phan cach tt nhat. Thyuc hién bang cach xem xét cac tan xa trong céc 16p
va gita cac 16p.N6 c6 kha thay do6i hinh anh tir nhitng bién doi do cac nguon khéc

nhau nhu anh sang.
c. Phuong phap bién doi hinh thai

Hai phuong phap PCA va LDA cho phép phan tich dua trén cac dic diém
mang tinh thong ké caa anh. Tuy nhién, cic phuwong phap nay chua xét dén nhiing
dic diém vé hinh thai cia mat nguoi. D6 chinh 1a nhiing dic trung vé dudng nét cia
cac bo phan trén khudn mat nhu mat, mii, miéng,.... Phuong phap bién ddi hinh
thai s& bo sung cho nhitng thiéu s6t ndy cua hai phuong phap trén [9].

Xtr ly anh vé hinh théi 1a mot phép xir 1y trong d6 dang khdng gian hoic cu
trdc cia cac ddi tuong trong anh dugc chinh sira. Phép dan anh va phép co anh la
hai thao tac xu Iy hinh thai co ban. Véi phép ddn anh, mot d6i twong s& nodi déu 1én

trong khdng gian, con véi phép co anh di tuong s& co déu xubng [16],[15].

d. Phuong phap trich xuét dic trung tu dong
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Phuong phap phan tich thanh phan chinh PCA 1a mét ki thuat dwoc tao ra
nham khir twong quan va giam chiéu di liéu. PCA 1a mét hinh thire co ban cua hoc
dic trung voi kha nang ty dong phat hién cac biéu dién nhoé gon va ¢ ¥ nghia cua
dir liéu thd ma khéng dua vao tri thic chuyén gia hay tri thic vé kiéu ang dung cu
thé. Céc véc-to riéng cua hiép phuong sai cho mot tap miu (twong ¢ng Vvéi gia tri
riéng 16n nhat) duoc sir dung dé maé rong thanh mot khéng gian phu ¢6 sb chiéu
thip hon, tap trung vao phuong sai cta dit liéu goc. Viéc chiéu dir lieu goc 1én

khong gian con vé&i phuong sai cuc dai duoc str dung lam biéu dién dic trung.

Mic du PCA c6 thé hoc dic trung theo cach khong giam sat nhung né chi la
két hop tuyén tinh cua cac dac trung chua xtr 1y. Do d6, PCA khong du kha ning
md hinh hda cho cac phu thudc phi tuyén phic tap. Plotz va cong su da dé xuat sir
dung mang no-ron sau (DNN) dé tach dugc cic dic trung co ¥ nghia hon. Mot
trong nhitng khéc biét chinh gitta mang no-ron truyén thong va DNN 1a DNN c¢6 thé
cd nhiéu 16p, trong khi mang no-ron truyén thdng thuong st dung nhiéu nhat 3 16p.
Mot loi thé quan trong khac nita cia DNN 1a kha nang biéu dién cac dir liéu dau
vao. DNN c6 thé md hinh hda nhiéu hoat dong da dang ma khong can nhiéu di liéu
huan luyén. N6 c6 thé chia sé cac phan khong gian dau vao tuong tu chi voi mot vai
nGt an, trong khi gitr cho cac nat khac “cam nhan” mot tip con cac dic trung dau
vao quan trong cho viéc nhan dang.

CNN bao gom mét hoac nhiéu céc cap thudc 16p convolution va pooling.
Cac bo phan nho cuc bo cta dau vao duoc bt giit bai cac 16p convolution vai mot
tap céc bo loc cuc bd. Lp pooling c6 thé luu gitr duge cac dic trung bat bién. Cudi
cuing, 16p két néi day du dimg dau s& két hop cac dau vao tir tit ca cac dic trung dé
thuc hién phan loai toan bo dau vao.
2.2.2.2. Huréng tiép cdn nhdn dang

a. Khong can canh chinh

Anh trich xuat tir cAc thiét bj thu anh (nhu camera giam sat hay camera du

lich) thuong xuat hién anh chi chup mét phan mat ngudi, Hinh 3.1. Nhitng phuong
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phép nhan dang khuén mit theo kiéu toan cuc (PCA va LDA) hay dia phuong
(Gabor, L P) thuong canh chinh va biéu dién cac anh khuén mat theo cling mét kich
c&, sau d6 ndi dai cac gia tri diém anh hodc trich xuat cac vector dic trung theo sb
chiéu nhat dinh. Tuy nhién, véi anh mot phan khudn mat thi cach 1am nay khong
kha thi do mat khong du chi tiét ciing nhu s& gap kho khin khi canh chinh mat, véi
khéng c6 gi dam bao rang nhitng diém méc phd bién cua khudn mat s& xuat hién &
anh mot phan mat. Do d6 nhom tac gia Liao va cong su [18] dé xuat thuat toan nhan
dang mot phan mat ngudi ma khdng can ding toa do 2 mat (hay bat ky diém nao

khac) dé canh chinh mit.

Hinh 2.9. Vi du vé danh mét phan khuén mdt: (a) Anh mgt phan khuén mat trong bé
di lieu LFW; (b) Anh mgt phan khubn mdt trong dam déng; (c) Anh khudn mdt b; che bgi

mdt kinh, 40 khoac.

Nhom cua Liao di dé xuat mot thuat toan biéu dién khudn mat khong can
canh chinh dua trén phép M6 ta da diém chinh (Multi Keypoint Descriptor - MKD),
trong d6 kich thuéc mé ta khudn mit duge xac dinh bang thanh phan c6 trong anh.
Lam theo céch nay, ta c6 thé ding mét tap 16n cac md ta dé biéu dién bat ky anh
khubén mit kiém tra ndo, du 13 mot phan hay toan phan. Nhém tac gia da phat trién

mot phép md ta diém chinh méi goi 14 mau tam phan Gabor (Gabor Ternary Patter -
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GTP) nham gidp nhan dang khudn mat d& dang hon. Thuat todn nay st dung hiéu
qua véi anh khudén mat b vat thé kha che khuat, anh khéng chinh dién, anh c6 deo

phu kién, anh bi gidi han géc nhin, anh phoi sang [9].
b. Bag of Word (Ti tur)

Nhom tac gia Li va cong su [17] d& xuat mot thuat toén tdi tir (Bag of Word)
dé nhan dang khudn mat bang céch chia khudn mat thanh nhiéu khéi dic trung
SIFT, tir d6 tinh toan va luong tir hda vector thanh céc codeword khac nhau. Cudi
cung, & mdi khdi ta tinh tan s phan phoi cia mdi codeword, sau d6 ndi dai cac tan
sb tir cac khdi dé biéu dién khudn mit.

Nhom tac gia Li danh gia rang cac anh khudn mat déu cing mot loai vat the,
cho nén néu ta trinh xuat dic trung khuon mit bang cach thanh tap cac phan nho thi
diéu nay khong dam bam rd thong tin cia khuén mat. Do d6, nhom dé xuat thuat

toan rut trich dac trung khuén méat nhu Hinh 2.10 [9].

Anh huan luyén 2 -
Anh kiem tra

Chaa khuon mit thanh
khoi 5x§ 3 r
D i

“
Dense SIFT 5 : =
= ®SaS v e
Mau codebook 5x5 s g s
- T cee O G N
Déi hinh anh sang céc U= .ee [ﬁ;:ﬁ; ! == oo ==

At Bx & aala o S i . 3
tii Sx5 cua codeword Cﬁ% o rﬁ% | ma e ER
i 4+

Hién tar hinh anh la
i bié 45 [@ | mi

Huin luyén SVM lChu ds ] | vee | Chu &4 .\'l .._.

Hinh 2.10. So do thudt toan Bag of Word
c. Thuat toan FaceNet

Nhom tac gia Schroff va cong su [12] tir Google dé xuat mot thuat toan co
tén 12 FaceNet s& hoc cach anh xa tir anh khudn mit vao khong gian Euclide day du

vé6i khoang cach do duoc twong tng véi do twong ddng cua khudn mat. Thuat toan
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nay co thé tao ra vector dic trung va nhung vao bai toan nhan dang khuén mat,
kiém tra khudn mat va phan cum khuén mat. Nhém tac gia sir dung Mang tich chap
sau (Deep Convolution Network - DNN) dugc huan luyén dé tu tdi wvu hoa bai toan.
Mang duoc huan luyén sao cho khoang cach L2 binh phuong trong khong gian
nhung twong ng véi mic do twong dong cua khubn mat: Mit cung ngudi s& ¢6
khoang cach nho, miat khac ngudi sé& c6 khoang cach 16n. FaceNet huan luyén
output thanh nhung day du 128 chiéu st dung ham bo ba sai s6 dwa trén LMNN
[13], mau bo ba ndy gém 2 anh cuing loai va 1 anh khac loai va ham 13i c6 nhiém vu
tdch anh dung ra khoi anh sai dua vao bién khoang cadch. Nhém tac gia s dung 2
kién trac DNN, mot mang dua theo md hinh caa Zeiler va Fergus, mang con lai sir
dung mé hinh Inception tir GoogLeNet. Tinh dén thoi diém FaceNet ra doi, thuat
toan nay da 1ap nén ky luc méi trong nhan dang khudn mat dudi nhiéu diéu kién anh
khac nhau. Tuy nhién, FaceNet huan luyén véi mot sé lwong 16n hinh anh (hon 200
triéu anh cua 8 triéu ddi twong), 16n gap 3 1an so véi cac bo dit liéu hién c6. Dé xay
dung b dit liéu 16n nhu vay rat kho thuc hién trong cac phong thiét bi, hoc thuat do
doi hoi kién trdc may Ion [19].

2.2.3. Kho khan

Bai todn nhan dang mat nguoi gap kho khan 16n khi anh mat nguoi bi tac
dong tir méi truong xung quanh, vi du nhu géc chup, mic do sang, toi khi lay anh.
Chat luong anh dbi khi khong duoc sic nét do anh huéng boi nhidu, phoi sang.
Ngoai ra, mot ngudi theo thoi gian thi khuén mat sé bién doi, do d¢6 phan nao anh
huong dén théng tin trén mit nhu ria mép, rau, ciing nhu mot sé6 anh mat nguoi co
deo thém phuy Kién nhu mit kinh, déi khi vi tri caa mat kinh vin khac nhau, nhu
léch xubng khong dung vi tri. Bén canh d6 trang thai cua khubn mit ciing anh
huong 16n dén van dé nhan dang nhu vui, budn, cudi, hd miéng, ngam méi, nheo
mat hay mo mét to,... Vi su phat trién cua Mang neural da hd trg rat 16n cho bai
toan nhan dang mat ngudi vai do chinh xac cao, nhung bu lai doi hoi qua trinh huan
luyén can nhiéu dir liéu, doi luc khong thé huan luyén bang nhitng may tinh hoc

thuat thong thuong.
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2.3. Két luan

Trong chuong 2, tic gia da tap chung nghién ciu cau tric mang CNN, tng
dung mang CNN trong nhan dang khudn mit, dwa ra cach nhin téng quan vé
phuong phap nhan dang khudn mat. Trong chuong tiép theo, ching ta s& tim hiéu

vé cong cu lap trinh duoc st dung, bd dit liéu va dua ra két qua thuc nghiém.
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CHUONG III - CAC KET QUA THUC NGHIEM
3.1. Cong cu lap trinh
Trong qua trinh tim hiéu va xay dung thuc nghiém mé hinh, luan vin lya
chon ngdn ngix 14p trinh Python dé xay dung
3.1.1. Ngbn ng ldp trinh Python
Python la mot ngdn ngtr 1ap trinh bac cao cho cac muc dich 1ap trinh da nang,
do Guido van Rossum tao ra va lan dau ra mat vao nam 1991. Python duoc thiét ké

véi wu diém manh 12 d& doc, dé hoc va d& nhé. Python 1a ngdn ngit ¢6 hinh thic rat

sang sua, Cau trac rd rang, thuan tién cho ngudi méi hoc lap trinh.

Python hoan toan tao kiéu dong va dung co ché cip phat bo nhé ty dong; do
vay né twong tu nhu Perl, Ruby, Scheme, Smalltalk, va Tcl. Python dugc phét trién
trong mot du &n ma ma, do to chire phi loi nhuan Python Software Foundation quan
1y.

Ngén ngtr l1ap trinh Python l1a mét trong nhitng ngdn ngir lap trinh dugc sy
dung nhiéu nhét trong viéc phét trién tri tu¢ nhan tao. Python dwoc nhiéu nguoi lya
chon dé 1ap trinh tri tué nhan tao vi tinh pho bién, dé hoc va kha niang twong tich voi
cdng nghé 4.0. N6 cd thé duoc s dung mot cach tron tru voi cac cau tric dit liéu va

cac thuat toan Al duoc st dung thuong xuyén khac.
Ngoai nhirng ung dung thuc té ndi bat trén, Python con duoc sir dung dé:
- Lam game.
- May hoc vai Theano, tensorflow, scikit-learn.
- Khoa hoc may tinh: Python Opencv, numpys, panda, scipy.
- Lap trinh cho bo mach: Ardruino, raspberry pi.

Nhitng tién ich nay da lam cho Python tré thanh ngén nglr dugc wa chudng

dé sang tao nén nhitng cong nghé dinh cao.



42

3.1.2. Cdc chwong trinh thuc hi¢n

Phan cudi caa mang la mot 16p Fully Connecttecd véi 128 phan tir va mot
I6p L2 normalization cho phép thu dugc mot embedding vector. Chinh vi vay, nho
viéc so sanh khoang cach Euclide cua cac embedding vector cua cac khudn mat thi
c6 thé xac dinh cac khudén mit do giéng hay khac, cu thé hai khudn mat gidng nhau

c6 khoang céch Euclide nho va hai khuén mat khac biét thi c6 khoang cach Euclide lon.
Cac chirong trinh thuc hién nhu sau:
- Chuong trinh kiém tra va cat khudn mit 1a anh nguoi
- Chuong trinh xoay anh
- Chuong trinh model cua mang CNN
- Chuong trinh train model dé trich xuét ra vector dic trung
- Chuong trinh nhan dién khuén mat
Duéi day 1a mo ta cau hinh hé thdng va yéu cau cai dit:
Moi truong thi nghiém:
- Processor: Intel(R) Core i3 —3110M CPU @ 2.40GHz
- Memory (Ram): 12.00 GB
- GPU: NVIDIA GeForce GT 620M
- System type: 64-bit Operating System, x64-based processor
- Windows 10 Pro -2018
Ngoén ngtr 1ap trinh: Python 3.6.0
Cong cu lap trinh: JetBrains PyCharm Community Edition 2018

Thu vién va cac goéi cai dat chinh: Python 3.6, Tensorflow, Dlib, OpenCV2,
Opencv 3.4.5, keras 2.2.4, tqdm 4.31.1, pandas 0.23.4, scipy 1.2.0, Model mang
CNN nn4.small2, Model shape_predictor_68 face landmarks, Sparglwrapper ...
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- Chuong trinh nhan dang va cat khudn mit trong hinh

Project + D = a — A main.py = face_detect_and_save.py

MNhan_Dang_Khuon_Mat_Su_Dung_CNN
idea
Data
image
result
test_image
weights
= alignpy
= AX
2 dlib-19.4.0-cp35-cp35m-win_amdbd.whl
»~ face_detect_and_save.py
= LICENSE
= main.py
= model.py
2 shape_predictor_68_face_landmarks.dat

= train_embs.npy

1 I'Lr’por't cv2
2 ifgort glob

3 import pandas as pd

4 from imageio import imread,imsave

from skimage.transform import re
from tgdm import tqdm
import dlib

19 train_paths = glob.glob("image/*")

11 print(train_paths)

13 df_train = pd.DataFrame(columns=['image’, "label’,
for i,train_path in tgdm{enumerate(train_paths)):

16 name = train_path.split("\\")[-1]
1 images = glob.glob(train_path + "/*")

Run: main (1)
activation_36 (Activation) (MNone, 1, 1, 98) e inception_5b_pool_bn[@][e]
inception_5b_1x1_bn (BatchNorma (None, 3, 3, 256) 1824 inception_5b_1x1_conv[e][e]
ms -
-—
-y activation_35 (Activation) (None, 3, 3, 384) 5} inception_5b_3x3_bn2[@][e]
»
\ 5 N g - 5
- Chuong trinh xoay anh va tinh dac trung anh
Face Recognition using CNN Nhan_Dang_Khuon_Mat_Su_Dung_CNN = align.py main (1) | 3 é
Project = @ - ¢ - A main.py = face_detect_and_save.py = align.py
S e P —
Nhan_Dang_Khuon_Mat_Su_Dung_CNN 1
.idea 17 import cv2
Data 18 import dlib
image 19 import numpy as np
result . =
21 TEMPLATE = np.float32([|
test_image 22 (©.0702396013815, ©.339223741112), (0.0820210487236, ©.456055367943),
weights 2 (©.8967927109165, ©.575648016728), (0.122141515615, ©.691921601866),
= align.py 24 (©.168687863544, ©.808341263616), (@.239789398787, @.895732584778),
= AX 25 (8.325662452515, ©.977868762493), (0.422318282013, 1.84329680149),
 diib-19.4.0-cp35-cp35m-win_emdé4.whi 26 (8.531777802668, 1.86680371126), (©.641296298053, 1.83981924167),
2 face_detect_and_save.py 27 (©.738185872266, ©.972268833998), (0.824444363295, ©.889624882279),
R 28 (©.894792677532, ©.792494155836), (@.939395486253, @.681546643421),
; 29 (©.96111933829, ©.562238253072), (©.970579841181, ©.441758925744),
= main.py (8.971193274221, ©.322118743967), (@.163846223133, 0.249151738853),
= modelpy 1 (6.21780354657, ©.204255863861), (6.291209351124, 6.192367318323),
72 shape_predictor_68_face_landmarks.dat 2 (0.367460241458. ©.203582218627). (0.4392945113. ©.233135599851).
= train_embs.npy
Run: main (1)
»

activation_36 (Activation) (Nome, 1, 1, 96)

2] inception_5b_pool_bn[@][@e]

T e T

A L FT T P P

‘name’])

Git:
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- Chuong trinh tinh khoang cach Euclide

label2idx = []

for i in tgdm{range(len{train_paths))}:
label2idx.append(np.asarray(df_train[df train.label == i].index))

match distances = []
for 1 in range{nb_classes):
ids = label2idx[i]
distances = []
for j in range(len(ids) - 1):
for k in range(j + 1, len(ids)):
distances.append({distance.euclidean{train_embs[ids[]j]].reshape(-1), tr
match_distances.extend{distances)

unmatch_distances = []
for 1 in range{nb_classes):
ids = label2idx[i]
distances = []
for j in range(18):
idx = np.random.randint(train_embs.shape[8])
while idx in label2idx[i]:
idx = np.random.randint{train_embs.shape[@])
distances.append(distance.euclidean(train_embs[ids[np.random.randint(len(i
unmatch_distances.extend(distances)

- Chuong trinh test anh

test paths = glob.glob("test image/*.djpz")
for path in test paths:
test _image = cov2.imread(path)
show_image = test_image.copy()

hogFaceDetector = dlib.get frontal face detector()
taceRects = hogFaceDetector({test_image, @)

faces = []
for faceRect in faceRects:
¥1 = faceRect.left()

yl = faceRect.top()
®2 = faceRect.right()
y2 = faceRect.bottom()

face = test image[yl:y2,x1:x2]

faces.append(face)
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- Chuong trinh chinh

Nhan_Dang_Khuon_Mat_Su_Dung_CNN
idea

Data

image

result

test_image

weights

align.py

AX
dlib-19.4.0-cp35-cp35m-win_amded.whi

face_detect_and_save.py

Face Recognition using CNN Nhan_Dang_Khuon_Mat_Su_Dung_CNN main.py main(1) v | P % Gt «
Project EB - ¢ - main.py face_detect_and_save.py align.py

return alignment.align(96, face, bb,landmarkIndices=AlignDlib.OUTER_EYES_AND_MOSE)

def load_and_align_images(filepaths):

aligned_images = []

for filepath in filepaths:

#print(filepath)|

img = cv2.imread(filepath)
aligned = align_face(img)
aligned = (aligned / 255.).astype(np.float32)
aligned = np.expand_dims(aligned, axis=@)
aligned_images.append(aligned)

= LICENSE return np.array(aligned_images)
main.py
model.py def calc_embs(filepaths, batch_size=64):
shape_predictor_68_face_landmarks.dat pd =[]
= train_embs.npy load_and_align_images() * for filepath in filepaths
Run: main (1)
> T s : ;
activation_36 (Activation) (None, 1, 1, 98) 2] inception_Sb_pool_bn[e][e]
inrention Sh 1x1 bn (RatchNorma (None. 3. 3. ?5A% 1624 incention Sh 1x1 convialral

3.2. By dir ligu

Dit liéu huan luyén 1 tap dit liéu dugc thu thap theo céc hinh thic: Thu thap
tir nguon anh trén mang bang cong cu tim kiém anh cua google, va duoc thu thap
bang thu vién Sparglwrapper hodc duoc st dung trong bo dit liéu dugc st dung
thanh cong trong mot cudc thi vé nhan dién ngudi noi tiéng do AIVIVN t6 chic hoi
thang 3/2019.

Dit liéu tho ban dau duoc thu thap vé s& duoc chirc niang nhan dién va cit sat
khubn mat trong anh dé lam dau vao cho qué trinh trich chon dic trung. Qu4 trinh
nhan dién khuén mat duoc sir dung béi mang CNN cu thé trong noi dung luan vin
st dung mang nn4.small2 day 1a mot mang ma c6 sb luong tham sé 16n véi vector
nhdng 128 chiéu[19] trong md hinh mang duoc huan luyén truéc bang céc tap di
liéu I6n nhu Facescrub [20] va CASIA-Webface [20].

C4u tao dir liéu khi huan luyén mé hinh nhu sau:
F——image

| |——Phuong Thuy

| | F—1lirg
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| | F—2.pe
| | F—3.pg
| | F—4ipg
| | F—S.pg
| |——Tien Dung
| | F—lipg
| | F—2ipg
| | F—3.pe
| | F—4ipg
| | F—=5.pe
| ——CuTit

| | F—lipg
| | F—2ipe
| | F—3.pg
| | F—4ipe
| | F—S5.ipg

Dit liéu anh tho duogc lya trong thu muc Image, va dugc sap xép cac anh theo
thu muc la nhan caa chang, sau khi thuc hién qua trinh xir ly anh thé thi anh sau xu

ly s& duoc lwu dé vao thu muc ndy véi s6 th tu va nhan nhu ban dau.

Do m6 hinh nn4.small dugc huan luyén dua trén cac dau vao la khudn mat
thang, trong khi thuc té dir liéu thuc té lai & moi chiéu xoay do d6 dé xoay anh vé
dang thang va cé kich thudc 96x96 thi tdi sir dung mot chuong trinh xoay va tinh
dac trung cua anh su dung model shape_predictor 68 face_landmarks duoc dinh

nghia trong doan chuong trinh align.py.
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Sau khi qua trinh train dugc didn ra dé tim ra embedding vector cua cac
khubn mat, thi cac vector nay dugc luu dudi dang file train_embs.py dé st dung

trong qua trinh nhan dang sau nay.
Bd dit liéu huan luyén

Bo dir liéu huan luyén bao gom 72 anh véi 7 nhan dit liéu twong Gng vai 7
dbi tuong ngudi khac nhau. Cu thé, ¢6 10 anh cua Bli Tién Diing, 10 anh cua
Nguyén Cong Phuong, 10 anh caa Nguyén Hai Phong, 10 anh cua Qué Ngoc Hai,
10 anh cua Hoang Thuy, 10 anh cia Mai Phuong Thuy va 12 anh caa cau bé Cu Tit.

Hinh 3.1 minh hoa céc tap anh huan luyén duoc st dung trong luan vin nay.
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Hinh 3.1. Diz liéu hudn luyén
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Bo dir liéu kiém tra

Pé danh gia chat lwong hoat dong cta chuong trinh, luan vian cé sir dung bo
dit liéu kiém tra bao gom 49 anh c6 nhan gidng véi dit liéu huan luyén, trong d6 c6
7 anh duoc lay tir cing d6i twong BUi Tién Diing, nhung v&i cac goc chup va bdi
canh chup khac so véi anh huin luyén. Tuong tu, c6 7 duoc ldy tir d6i tuong
Nguyén Céng Phuong, ¢d 7 duoc ldy tir dbi twong Nguyén Hai Phong, 7 anh cua
Qué Ngoc Hai, 7 anh caa Hoang Thay, 7 anh ciia Mai Phuong Thay va 7 anh cua
cau bé Cu Tit

Ngoai cac anh kiém tra ldy tir cung cac ddi tuwong cua bo dit liéu huan luyén,
luan vin ciing 1ay thém céc anh cua cac d6i twong khac véi ddi tuong caa dir liéu
huan luyén. Cu thé, ¢ 7 anh cta cac ddi twong khac, dugc gan nhén 1a “unknown”.
Tong cong, 56 anh c6 nhan khac nhau da duoc sir dung trong bo dir liéu kiém tra.
Minh hoa vé bo dit liéu kiém tra duoc trinh bay trong Hinh 3.2.
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Hinh 3.2. B¢ diz liéu kiém tra: (a) Diz liéu kiém tra c6 nhan gidng bg diz liéu hudn

luyén, (b) Diz liéu kiém tra c6 nhan “unknown”
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3.3. Qua trinh thuc nghiém

M® hinh nhan dang khuén mat sir dung mang CNN

[ Anh tho } Anh tho

[ Anh da xu ly } Anh da xr ly

-

\4

Tién xir y Tién xir y
v
N\ 4 N\
[ Huan luyén : »  Phan loai
J : \ J

Nhan dang Khong nhan
i duoc dang duoc

Phan loai

Hinh 3.3. Md té mé hinh nhdn dang dnh bao gém giai doan (a) hudn luyén

va giai dogn (b) nhdn dang

Hinh 3.3 mé ta mé hinh nhan dang khuén mat nguoi dua trén moé hinh CNN.
Mo hinh nay duoc thuc hién thanh 2 giai doan: (a) giai doan huan luyén va (b) giai
doan nhan dang. Trong giai doan huan luyén, anh thd dau vao duoc xtr 1y dé dua vé
dinh dang chuan, sau d6 anh nay duoc dua qua mé hinh tinh dic trung, sau d6 dugc
huan luyén va dua ra b phan loai 1a cac vector 128 chiéu twong ¢tng véi mdi anh.
Trong giai doan nhan dang, nhitng anh can nhan dang ban dau dugc xir Iy thd va
qua qua trinh tién xu 1y va dén khau phan loai st dung bo phan loai tir giai doan

huan luyén dé xac dinh ding anh cia dbi tuong. Tai khau phan loai nay thyuc chét Ia
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so séanh khoang céch Euclide cua anh da xu |y tir giai doan huan luyén véi anh can

Kiém tra trong giai doan nhan dang.
3.4. Két qua thuc nghiém

Nhan dang duoc hai khudn mat c6 trong dix liéu huan luyén.

e D RS

Hinh 3.4. Két qud nhdn dang diing hai khuén mdt 6 trong di liéu train

Nhan dang dugc mot khudn mit c6 trong dit liéu huan luyén, mét khudn mat

bao unknown do khdng c6 trong dir liéu huan luyén.

Hinh 3.5. Két qua sau khi chay chwong trinh nhdn dang danh can nhdn dang
trong thu muc Test Image
Nhan dang nham mét khudn mit c6 trong dix liéu huan luyén, 1 khudn mat

khong c6 trong dir liéu huan luyén.
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luyén, mgt khudn mat khdng cé trong da liéu hudn luyén

Hinh 3.6. Két qud nhdn dang nham mét khudn mdt c6 trong déz liéu hudn

Bang 3.1 biéu dién ma tran nham Ian cua két qua chay hé théng nhan dang

khudn mat bang dir liéu kiém tra. Trong ma tran nay, mdi hang biéu dién sé anh voi

nhan dau vao can phai kiém tra (gan nhan that), mdi cot biéu dién sé anh ma hé

thdng da gan nhin cho céc dit liéu dau vao d6 (nhin do hé thdng gan cho dit liéu).

Bdng 3.1. Ma tr@n nham Idn biéu dién két qua nhan dién khudn mat ter diz

ligu kiém tra

Tién | Ngoc Céng Hai Hoang | Phuwong | Cu |Unknown
Diing | Hai | Phwong | Phong | Thuy Thay Tit
Tien 7 0 0 0 0 0 0 0
Diing
Ngoc 1 5 0 0 0 0 0 1
Hai
Cong 1 0 6 0 0 0 0 0
Phuwong
Hai 0 0 0 6 0 0 0 1
Phong
Hoang 0 0 0 0 6 1 0 0
Thuy
Phuong 0 0 0 0 0 6 0 1
Thuy
Cu Tit 0 0 1 0 0 0 6 0
Unknown 0 0 0 0 0 1 1 5
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Nhan xét:

Tur két qua trong Bang 3.1. Ma trdan nham ldn biéu dién két qua nhén dién
khudn madt tir di lidu kiém tra cho thay viéc nhan dang khuén mit dugc thuc hién
rat tot, voi ty 1é dung twong ddi cao 1én dén 83.92%. Tuy nhién viéc thay doi
ngudng trong qué trinh nhan dang ciing 1am thay d6i dang ké t&i két qua cua bai
toan. Trong khi nhan dang van c6 trudng hop nhan dang nham dién hinh nhu Hinh
3.6.

Trong qué trinh nhan dang khudn mat, tbc d6 ciia may tinh chua da dap tng

trong qua trinh huan luyén. Dan dén thoi gian 1au va chua hiéu qua.
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KET LUAN

Ludn vin da trinh bay mét hudéng tiép can dang 1a xu thé cua thé gisi va

dugc wng dung rat nhiéu trong cudc sdng va xa hoi.
1. Lu4n van da thuc hién duoc két qua sau:

Luan vin di trinh bay mot cach tong quéat vé md hinh mang noron va tng
dung mang noron tich chap trong bai toan nhan dang khudn mat. Trinh bay cé hé
théng cac loai mang noron va cac giai phap hoc trong mé hinh mang noron. Bén
canh d06, luan van con nghién ctu va phan tich viéc si dung mang no ron tich chap
dé giai quyét bai toan nhan dang khudn mat. Nghién ctru cau tric hoat dong cua bo
cdng cu lap trinh Python, thu vién Tensorflow, Google colab dé giai quyét bai toan
nhan dang khuén mat. Luan van ciing da xay dung bai todn nhan dang khudn mat
bang bo dit liéu 1a nhirng ngudi ndi tiéng tai Viét Nam, bo dit liéu duogc Iy truc tiép
tir cong cu Google download Images.

2. Nhitng ton tai va huéng phat trién

Nhitng két qua kha quan tir viéc tng dung mang no ron tich chap trong bai
toan nhan dang khudn mat da ching t6 rang day 1a mot mo hinh cé thé tng dung
hiéu qua di véi cac bai toan nay. Tuy nhién bai toan van con nhan dang chwa ding
d6i twong va con nhan dang nham ddi twong. Viéc phan bo ngudng trong bai toan
cling anh huong toi két qua caa luan van.

Viéc cai tién mo hinh CNN va tng dung mé hinh vao thyc té van dang duoc
cac nha nghién clru quan tam va xay dung. Luan van nay tuy dat dugc mot s6 két
qua néu trén, nhung luan van con nhiéu han ché do diéu kién vé mat thoi gian va

pham vi nghién ctru cua dé tai. Vi vay, hudng nghién ctru tiép theo cua hoc vién la:

Nghién ctru tang d6 chinh xac caa cho viéc nhan dang khuén mat qua cac ky
thuat xir Iy anh cao hon trudc khi dua vao huan luyén mé hinh CNN. Bén canh do,
nghién ctru thém vé mé hinh CNN dé cd thé ting d6 chinh xac cho viéc nhan dang anh
tir d6 tng dung trong thuc té. CO thé phét trién ang dung trén bo dir liéu day da va chi

tiét trong nhiéu linh vuc hon.
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