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MO DAU

Cong nghé thdng tin ngay cang phat trién va da 1a mot thanh phan khong thé
thiéu trong hau hét moi linh vuc trén thé gidi. Nhitng ngudi may thong minh dugc
con nguoi tao ra da cé kha nang phan tich va xir Iy dwoc cac cong viéc cuia con nguoi
mot cach tu dong va dem lai loi ich kinh té rat 16n. Trong thoi gian gan day, mot trong
nhitng bai toan duoc nghién cau, wng dung nhiéu nhat vao trong cudc séng do 1a bai
toan nhan dién. Tuy méi xuat hién chwa 1au nhung né da rat duoc quan tam vi tinh
rng dung thuc té cua bai toan nhu nhan dang chir viét, nhan dang giong néi, nhan
dang hinh dang, nhan dién khuén mat. Trong do, bai toan nhan dién khuén mat la mét
cha @& dang dugc khé nhiéu nha dau tu, doanh nghiép quan tim dén. Du di duoc
nghién citu tir rat 1au nhung bai toan nhan dién khudn mat van dang gap phai nhiéu
thach thtrc va van chua c6 phuong phéap cu thé nao c6 thé giai quyét hét cac van dé
trong bai toan nay.

Bai toan nhan dién khudn mit 1a mot trong nhiing chi dé dang duoc quan tam
nhiéu nhat. Ung dung tir bai toan nay dugc ap dung trong rat nhiéu linh vuc khéac
nhau. Cac tng dung lién quan dén nhan dién khudn mit c6 thé ké nhu: tra ciru thong
tin toi pham, phat hién toi pham tai cac noi cong cong, tim ngudi lac, diém danh hoc
sinh ...

Tir nhitng phan tich va khao sét & trén, em nhan thay hé théng nhan dién khuén
mat rat ¢ y nghia trong thuc tién cudc sdng va em xin chon dé tai nghién ciu “Heé
théng nhan dién khudn mit qua camera”. Két qua cua luan van hudng téi viéc xay
mét hé thong nhan dién khudn mat c6 kha ning mé kha nang mé rong cao, dé& dang
tich hop.

Noi dung luan van duogc trinh bay trong ba chuong véi cac ndi dung chinh
nhu sau:

Chuong 1. Téng quan vé nhan dién khuén

Chuong nay sé& trinh bay mét s6 noi dung nén tang vé bai toan nhan dién khuén
mat, c4c tng dung tuong tac ngudi may lién quan dén nhan dién khudn mat, va mot

s6 ky thuat hay duoc st dung trong bai todn nhan dién khuén mat. Noi dung cua



chuong bao gdm ba phan chinh. Phan dau tién gisi thiéu tong quan vé bai todn nhan
dién khudn mat ciing véi cac (ing dung thuc té. Phan tha hai giéi thiéu mot sé phuong
phap trong nhan dién khuén mat thudong duoc &p dung trong thuc té va nghién ciu.
Phan cubi ciing giGi thiéu mot sé mang tich chap thudng duoc sir dung trong bai toan
nhan dién khudn mat.

Chuong 2. Hé théng nhan dién khudn mat dwa trén mang no ron tich chap

Cac ky thuat co ban duoc sir dung dé xay dung hé théng nhan dién khuén mat
cua luan vin dugc trinh bay trong chuong nay. Noi dung cua chuong trinh bay vé cac
phuong phap trich chon dac trung phuc vu qua trinh nhan dién khuén mat, phuong
phap dinh danh khudn mat va mé hinh hoc may duogc sir dung dé phan loai dit liéu
nhan dién khudén mit. Chuong nay ciing bao gdm cac thdng tin vé mé hinh, kién tric
mang no ron tich chap Inception-ResNet sir dung cho viéc trich chon dac trung khuén
mat caa luan van.

Chuong 3. Thir nghi¢ém va danh gia

Chuong nay md ta chi tiét vé bo dix liéu dugc sir dung, cung céc kich ban
va két qua cac qua trinh huan luyén mé hinh. Cac két qua thuc nghiém kém theo
danh gia mo hinh sau khi huan luyén ciing dugc trinh bay trong chwong nay.

Noi dung cua luan vian dugc két thic bang phan Két luan, trong dé trinh bay
tom lugc cac noi dung va két qua da dat duoc trong luan van, tir d6 dé xuat cac hudng

phét trién trong twong lai.



CHUONG 1. TONG QUAN VE NHAN DIEN KHUON MAT
1.1 Téng quan vé nhan dién khudn mit cing véi cac wng dung thuc té
cuaa cac ky thuat nhan dang khudn mat.

1.1.1 Téng quan

Nhan dién khudn mat 12 mot bai toan tdng hop. Trong d6 ta can cac mé dun
quan trong nhu nhu xac dinh vi tri khuén mat, trich chon dic trung roi phan loai. T
d6 ta co thé xac dinh danh tinh ngudi trong anh.

1.1.2 Kién trac téng quat hé théng nhan dién

Xac dinh vi tri khudn .| Trich chon déc trumg

mat |t khutn mat ! Phan loai —®»  Ketlugn

Nhdn anh F»  Tien x If anh »

Hinh 1.1. Kién tric téng quét vé hé théng nhan dién

Nhan anh 1a b phan thu nhan anh. Anh ¢ day c6 thé nhan duoc qua camera
mau hoic den trang. Tién xir ly anh 13 budc tién xir Iy dé nang cao chat luong anh
dau vao. Vi anh thu nhan duoc c6 thé bi nhidu hoic do twong phan thip gay anh
huong dén viéc trich chon dic trung ciing nhu xac dinh vi tri khuén mit. Tiép dén l1a
xéac dinh vi tri khudn mat. O budc nay hé théng s& xac dinh vi tri khudén mat va céc
diém mat, mii, miéng. Trich chon dic trung tir Khudn mit s& thuc hién lay khudn mat
trong anh gbc dé thuc hién trich chon dic trung. Phan loai 1a budc thuc hién phan
loai dic trung tir d6 s& dinh danh duoc khudn miat dau vao 13 ai. Két luan 12 tir két
qua phan loai s& dua ra két qua nhan dién.
1.1.3 Ung dung

Bai toan nhan dién khudn mit c6 rat nhiéu ung dung trong cudc song. Trong
d6, mot s6 tng dung tiéu biéu khong thé khong ké dén cua bai toan nay 1a hé thong
phét hién, truy vét toi pham, hé théng tim tré lac, hé thong diém danh, chim cong hay
tng dung nhan dién di tac, khach hang VIP. C4c bai toan trén hién dang duoc sir

dung rat nhiéu va thanh mot phan khong thé thiéu trong cudc song ciia mdi ngudi.



1.2 Mot sé phwong phap trong nhan dién khudn mit thudong dwoc ap
dung trong thuc té va nghién ciru
1.2.1 Phan tich thanh phan chinh (PCA)
a. Gigi thiéu

PCA (Principal Components Analysis) [1] 1a mot thuat toan duoc sir dung dé
tao ra mot anh méi tir anh ban dau. Anh méi nay c6 kich thudc nho hon nhiéu so Véi
anh ban dau nhung van mang nhiing dic trung co ban nhat cua anh can nhan dang.
Trong nghién cuu [2], thuat toan PCA thuong dugc stir dung cho viéc trich chon dac
trung khuon mit. PCA khdng can quan tam dén viéc tim ra cac dic diém cu thé cua
thuc thé can nhan dang va mdi quan hé giira cac dic diém d6. Tat ca cac chi tiét do
déu duoc thé hién & anh méi dugc tao ra tir PCA.
b. Thuat toan PCA

Khong gian méi duoc tao boi PCA dugc cau thanh tir k vecto don vi ¢6 chiéu

la N. Mdi vecto duoc goi 1a mot Eigenface. Phép bién doi :

w
S>W=lwkl  véi Ke<N

W=T.A (1.1)

Vi T 1a ma tran chuyén doi, T ¢6 kich thudc K x N. Goi M 12 s6 anh dau vao,

al
a2

A= a-n

mdi anh dugc chuyén thanh vecto N chiéu. Tir (1.1) ta c6 tap hop dau vao

X={x1, X2,...,xm} (Xi € RN) (1.2)
Trung binh cta cac vecto dau vao :
M
1 Hxi
Xip = M i=
(1.3)
Sai léch so vaéi tam:
®j = Xi - Xtb (1.4)

Goi A=[ @1, @,, . ,dm] ta cO ma tran twong quan cua A la :



M
1 oidiT
c=M :=Zl " AAT (1.5)

Goi cac gié tri riéng ctia C 1a: A1, A2, . AnSap Xép theo thir ty giam dan, tuong

ey

ing véi N vecto riéng ug, Uz, .., Un, CAC vecto riéng nay truc giao ting do6i mot, Moi
vecto riéng ui dugc goi la mot eigenface. Tap hop cac vecto ban dau dugc biéu dién

trong khdng gian tao bai n eugenface theo moé ta:

N
wiul
_ _ (L.6)
X-Xtb = W1U1+ Wol2+...+ WNUN = i=1
Chon lay K vecto riéng u twong wng vai K gia tri riéng A 16n nhat, ta co:
K
wiul
X-Xto = W1l1+ WaU2+... + WNUN=I=1 véoi K<<N (1.7

Vecto cac hé s6 khai trién [wi, w2, ..., wk] chinh Ia biéu dién mai caa anh
duoc tao ra trong khong gian PCA. Anh méi van giir duoc cac dic diém chinh cua

anh dau vao. Vecto [Wi, Wa, ..., wk] duoc tinh theo cong thuc:
urT
u2T

1
'L"lfz
[:;J: uKT (X-Xtb) = UT.(X-Xtb)

Vién dé can giai quyét & day 1a ma tran trong quan C=A.AT ¢6 kich thudc N2
Véi N=180x200=36000, khéi lwong tinh toan s& rat lén. Do d6, dé tinh duoc céc

(1.8)

eigenface ma khong can tinh ca ma tran C, ngudi ta dua ra phuong phap tinh nhanh

dya vao vecto riéng va gia tri riéng cua ma tran L=AT.A c6 kich thuéc MxM véi M

la s6 anh dau vao. Goi vi, ui lan lugt 1a vecto riéng va gi tri riéng ciia ma tran L:
AT Avi= i Vi (1.9

Nhan ca 2 vé véi A, ta co :

AATAV = i AV (1.10)



Ta thiy A.vi chinh 14 vecto riéng cia C=A.AT tng v&i gia tri riéng wi. Thuat
toan PCA thudng duoc sir dung dé trich chon vecto dic trung. Khong gian chira vecto
nay c6 s6 chiéu 1a N=w*h v&i mdi birc anh c6 kich thude 1a w*h pixels. Cac budc dé
trich chon dic trung 13 tao mot tap X gdm M anh (anh hoc), mdi anh c6 kich thuéc

N, cac anh duoc ch uyén thanh vecto N chiéu.

X= {Xl, X2, ouus X|\/|} (1.11)

Tur d6 ta sé tinh trung binh cua tap trén:
M

— T (1.12)

Budc tiép theo 1a tinh sai léch ciia anh dau vao véi gia tri trung binh trén:
Dj = Xi - Xt (1.13)
Cudi cuing 1a tim mot tap M vecto truc giao u biéu dién phan bé manh nhat cua
tap dir liéu X. Tap cac vecto u duogc goi la eigenface cua tap dir liéu hoc.Xay dung
cac anh méi vi theo M vecto u :
Vi = Uit @;
Q=[vy, V2. ,vm]" (1.14)
Trong do, vi= ui' @i 1a vecto dic tinh cua anh tha | trong khong gian méi. Q ¢
day 1a tap céc eigenface, cac thanh phan co ban cho birc anh can nhan dang. Sau khi
trich chon duoc cac vecto dac tinh, can ddi chiéu vecto nay voi co so dir lidu, tir do
dua ra két qua nhan dang. Trong bai toan, két qua nhan dang s& 1a nhan biét duoc
hoic chua nhan biét duoc.
1.2.2 Phan tich s khac bigt tuyén tinh(LDA)
a. Giai thiéu
LDA duogc coi 1a mot phuong phap giam chiéu dir liu (dimensionality
reduction), va ciing c6 thé dugc coi la mot phuong phap phan 16p (classification), va

cling c6 thé duogc ap dung dong thoi cho ca hai, tirc gidm chiéu dir 1i€u sao cho vi¢e



phan 16p hiéu qua nhat. Trong nghién ciru [3], [4] cling chi 16 ddy 14 mot thuat toan
t6t duoc str dung cing v6i cac phuong phap khac nhe mang no-ron nhan tao hay PCA
trong bai toan nhan dién khu6én mat.
b. Thuat todn LDA

Y tudng co ban ciia LDA 1a tim mot khong gian méi v6i s6 chiéu nhé hon
khong gian ban dau sao cho hinh chiéu cila cac diém trong cing 1 class 1én khong
gian m&i ndy 1 gan nhau trong khi hinh chiéu ctia cac diém cua cac 16p khac nhau 1a
khac nhau. Phuong phap LDA phén loai cac 16p chua biét thanh cac 16p da biét, ma
¢ do cac khudn mat tao thanh mot 16p va sy khac biét gitra cac khudn mét trong mat
lop 1a rat nho. Ca PCA chon céach théng ké léy mau, chon loc dé nhan dién khuén
mat.

Thuét toan LDA dua trén phéan tich phan loai phi tuyén cia Fisher 1a phuong
phap tinh toan chuyén doi t6i da hoa sy phan tan giita cac 16p trong khi giam thiéu
phan tan trong 16p. Giai su ta c6 cac 16p C voi y; 1a vecto trung binh cia cac 16p 1 véi

i=1,2,...C. M; 13 s6 luong miu trong 1op i.

C
1
n= ZZ Ky (1.15)
y=1

Goi S, la ma tran tan xa noi 16p (cac phan tir trong 16p) va Sg 1a ma tran tan

xa twong ho cua cac 16p thuoc C.

c Mi
T
Sw = Z (y; — ) (y; — i)
i=1 j=1
c
Sp = z (i — W — w7’ (1.16)
=1

Phuong phap LDA sé& tim gid tri W dé cuc dai hoa ham muc tiéu Hwy:

WS,wT (1.17)
How) = WS, WT



LDA tinh toan chuyén doi t6i da hoa sy phan tan giira cac 16p trong khi giam

thiéu phén tan trong 16p.

1.2.3 Cay quyét dinh (Decision Tree)
a. Giéi thiéu

Viéc quan sat, suy nghi va dua ra cac quyét dinh cua con ngudi thuong duoc
bat dau tir cac cau hoi. Trong hoc may ciing c6 md hinh dua ra quyét dinh dua vao
c4c cau hoi nhu cay quyét dinh. Cay quyét dinh (Decision Tree) 1a mot trong nhiing
thuat toan pho bién cua hoc may thuoc nhanh hoc cé giam sat. Decision Tree ra doi
tir nhitng nam 1975 tir mot tac gia cd tén Ross Quinlan. Thuat toan nay la tién dé dé
ra doi nhirng phuong phap du bdo theo dong Tree-based method nhu la: Random
Forest, Bagging, AdaBoost, Gradient Boosting Machine. Md hinh cay quyét dinh
thudc nhom céc bai toan hoc c6 giam sat (supervised learning). M6 hinh nay c6 thé
sir dung vao ca hai loai bai toan phan loai (classification) va hoi quy (regression) theo
[5]. Hién nay, md hinh cay quyét dinh van con duoc s dung rat nhiéu trong céc
nghién ctru ciing nhu tng dung [6].
b. Thanh phan

Mot cay quyét dinh dugc bao gom 4 thanh phan nhu sau: root node, internal
node, leaf node, dept. Trong d6 root node 12 nhanh chia dau tién cuaa cay quyét dinh.
Internal node 1a c&c nhanh chia tiép theo cua cay quyét dinh. Leaf node 1a céc nhanh

cudi cting caa mot quyét dinh. Dept s& quy dinh tang cua cay



Work to do? INTERNAL NODE
Yes No
ROOT NODE
Stay in Outlook?

BRANCH

Go to beach Go running ‘ Friends busy?

Ye No
LEAF NODE . G ey

Stay in Go to movies

Hinh 1.2. Thanh phan cay quyét dinh
c. Ham sé entropy

Trén thyc té ta s& s& c6 mot bang dir liéu véi rat nhiéu bién. Decision Tree s&
str dung mot vai chi s6 dé dua ra viée xac dinh cau hoi va tht ty cac bién nao chia di
liéu dé tao ra Decision Tree c6 kha ning phan loai tét nhat. Cac hé sé nay Ia Gini va
Cross-Entropy.

Pé tim nghiém cho céc bai toan cé nhiéu thugc tinh va mdi thudc tinh ¢6 nhiéu
gié tri khac nhau thi ta s€ st dung mét phuong phap don gian thuong duoc st dung
1a tai mdi budc, mot thudc tinh tdt nhat s& dugc chon ra dua trén mot tiéu chuan nao
d6. Véi méi thude tinh dugc chon, ta chia dir liéu vao céac child node twong tng véi
c4c gia tri ciia thudc tinh d6 rdi tiép tuc 4p dung phwong phap nay cho mdi child node.
Trong d6, hanh dong chon ra thugc tinh tét nhat & mdi budce nhu trén goi la cach
chon tham lam (greedy). Cach chon tham lam nay c6 thé khong phai 12 tdi vu nhung
n6 dem lai két qua ciing kha tot cho bai toan nay. Child node sé& chira nhimng cu tra
161 twong tmg vé&i dit liéu sau mdi cau hoi. Cau hoi & day duge coi nhu 1a mot thudce
tinh va cau tra 101 s€ 1a gia tri cua thudc tinh do. Pé danh gia chét luong ciia mdt cach
phan chia, chung ta can di tim mot phép do. Va d6 1a ham entropy.

Gia sir ta c6 mot day cac gia tri (x4, Xy, ..., X,) . CONg thirc dé tinh xac suat sao

cho x nhan cac gia tri nay la
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n

pi=px=x) Vv6i Z pi=1=2p;=20 (1.18)

i=1
Ky hiéu hamnay la p = (p1, p2, .., Pn)- TU cOng thic (1.18) ta co cong thurc
Entropy cua p la:

n

H(p) = —Z pilog(p;) (1.19)

i=1
Trong d6 log 1a logarit tu nhién, 0log(0) = 0 la sy quy udc tir trudce. Vi du ta
c6 n=2 duoc cho trén. Truong hop p 1a tinh khiét nhét khi entropy duoc tinh cua phan
phdi nay la (p)=0 khi tac hai gia tri p; lan luot bang 0 va 1. Khi p la c6 ti I& 13n 16n
nhat nhat, tic ca hai gi tri p;=0.5 va ham entropy sé& dat gi4 tri tbi da.

Hipl= —plogip) — (1 —m)logil — )

(L6

(.0

T T T T T T T T
00 1 02 03 04 05 6 07 08 09 1,0
i

Hinh 1.3. P6 thi ham entropy

Tong quat khi voin> 2, khi p;=1 thi ham entropy dat gia tri nho nhét,khi tat
c4 cac p; bang nhau thi entropy dat gia tri toi da. Nhiing tinh chat nay ciia ham entropy
khién no6 duoc sir dung trong viéc do do van duc ctia mot phép phan chia cua ID3. Vi
1y do nay, ID3 con dugc goi la entropy-based decision tree.
d. Thuat toan ID3

Trong ID3, tong c6 trong s6 cua entropy tai céac leaf-node sau khi xay dung
decision tree dugc coi 1a ham mat mét cia decision tree 6. Cac trong s6 ¢ diy duoc

tinh trén véi sé diém dir liéu tai mdi node. Thuat toan 1D3 s& tim ra cach phan chia
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hop 1y trong d6 viéc chon thir ti thude tinh ciing kha quan trong sao cho ham mat mat
cudi cung dat gia tri thap nhat cd thé. Viéc nay duoc thuc hién bang cach chon ra
thugc tinh tét nhat. Sau d6 str dung thudc tinh d6 dé phan s& gidp cho viéc gia tri
entropy tai mdi budc giam di mot lwgng 16n nhat. Bai toan xay dung mot cay quyét
dinh bang thuat toan ID3 c6 thé giai bang cach chia thanh céac bai toan nho, trong mdi
bai toan, ta s& chon ra thudc tinh gitp cho viéc phan chia dat két qua tot nhat. Mdi bai
toan nho & day tuong (g véi phan chia di liéu trén node géc.

Gia str ta 6 C 16p khac nhau va ta dang lam viéc vai mot non-leaf node vai
cac diém dir liéu tao thanh mot tap S vai s6 phan tir 12: [S|=N véi N, diém sé& thudc
vao 16p c. X4c suat dé mdi diém dir liéu roi thudc 16p ¢ duoc tinh xap xi bang % .
Qua do, ta tinh dugc entropy tai node nay véi cong thic:

H(S) = —i Tlog() o
e N N

Coi nhu thudc tinh phan chia tét nhat duoc chon 1a x thi dya trén x, cac diém

dit liéu trong S dugc phan ra thanh K child node S;,S,, ..., Sx. Trong d6 véi s6 diém

tai mdi child node lan luot 13 m,;, m,, ..., mg Va ta c6 cong thic:

K
m
H(x,$) = Z WRH(Sk) (1.21)
k=1

Tiép dén la information gain dwa trén thuoc tinh x:
G(x S) = H(S) — H(x, S) (1.22)
Trong D3, trén céc node, ta c6 cong thirc dé chon ra cac thudc tinh tot nhat:
X* = arg m)?xG(x, §) = arg mXinH(x, S) (1.23)
Thudc tinh nay s& dem lai information gain dat gia trj t6i da.
e. Thuat toan C4.5
C4.5 |a thuat toan phan Iép dit liéu dya trén cay quyét dinh duoc s dung phd
bién va dem lai hiéu qua cao trong nhirng bai toan khai pha di liéu co kich thuéc
trung binh, nho. Ly do C4.5 thich hop vai nhitng diru liéu vira va nho vi thuat toan

nay st dung bd nhé @é lwu trit dix lidu trén va sap xép lai dit liéu tai mdi node trong
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qua trinh phat trién cay quyét dinh. C4.5 c6 kha ning biéu dién lai cay quyét dinh
dudi dang mot danh sach diéu kién if-else. Thuat toan nay dwoc xay dyng gilp cho
viéc giam bét kich thudc tap luat, khién cho cac tap luat tré nén don gian hon ma do
chinh xac so véi nhanh twong ¢ng cay quyét dinh 13 twong duong.

M4 gia cua thuat toan C4.5:

Budc 1: Tim tan sd twong ddi cta 16p va kiém tra cac case co ban

Budc 2: Tu cac thudc tinh A tim information Gain

Budc 3: Chon thudc tinh B tt nhat voi d6 do lua chon thudc tinh t6i da

Budc 4: Dung thudce tinh B tim dugc dé 1am thudc tinh cho node chia cit cay.

Budc 5: B¢ quy, 1dp lai cadc hanh dong trén véi céc danh sach phu. Danh séch nay l1a
danh sach dugc tao ra sau khi phan chia danh sach theo thudc tinh B.

Thuat toan C4.5 ¢6 str dung co ché chon thudc tinh dé kiém tra trén mdi node.
Thuat toan ciing c6 co ché xir ly riéng vai cac truong hop dir liéu it hoic thiéu gidp
tranh khoi viéc quéa khap va thém vao dé C4.5 con c6 co ché cit tia giap dem lai hiéu
qua cao hon. Trong thuat toan ID3, Information Gain dugc st dung lam d¢ do. Tuy
nhién, phuong phép nay lai uu tién nhiing thudc tinh c6 sé luong 1on cac gia tri ma it
xét t6i nhing gia tri nhé hon. Do vay, dé khiac phuc nhuoc diém trén, ta st dung do
do Gain Ratio (trong thuat todn C4.5).

Hai d6 do duoc sir dung trong C4.5 la information gain va gain ratio. Ta c0
biéu Tan sb twong ddi (Relative Frequency) d6i véi cac truong hop S thudc vé 16p Cj
ki hiéu la RF(Cj,S):

RF(Cj,S) = il
S| (1.24)

Trong do ki hiéu |Sj| la kich thudc tap cac truong hgp ma gié tri phéan 1op 1a Cj

Vvé6i kich thuée tap dit liéu huan luyén 13 |S| . Cong thirc dé tinh chi sé théng tin can

thiét cho sy phan 16p cho tap S Ia:

I(S) = = ) 1og(RF(Cj, ))RF (€, S) (1.25)
j=1
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Sau khi S dugc phan chia thanh cac tap con S1, S2, ..., St bai test B, ta co
cong thire dé tinh information gain sau khi chia S thanh cac tap con S1, S2, ..., Si boi
tap B la:

G(S,B) = —ZEI(Si) + I(S)
S| (1.26)

Tiép dén ta chuan héa information gain véi tri thong tin phan tach (split
information):

Information Gain

Gain Ratio =
atn Bato Split Info (1.27)

Trong d6: Split Info dugc tinh nhu sau:

n
i=1

Gia str chling ta phan chia bién thanh n ndt con va Di dai dién cho sé lugng
ban ghi thudc niit d6. Do d6, hé sé Gain Ratio s& xem xét duge xu hudng phan phéi
khi chia cay.

f. Piéu kién co sé dé dirng

Mot trong sé cac phuong phap duoc sir dung trong cdy quyét dinh dé tranh
viéc quéa khop dién ra 1a: Trong mot node, truong hop cac diéu kién sau xay ra thi ta
s& coi d6 1a mot mot leaf node va dirng, khong tiép tuc phan chia tiép node do:

Diéu kién 1: Gia tri entropy tai node bang 0 va moi diém cuing thugc mét 1op

Piéu kién 2: Ta sé& str dung ngudng dé quyét dinh c6 tiép tuc phan chia node.
Néu node dang xét c6 sd phan tir nhé hon ngudng thi s& duoc coi la thoa man diéu
kién. Vi trudng hop ndy, ching ta chap nhan viéc mot sé phan tir s& bi phan 16p
sai(sai s6) nhung d6i lai ta thu duwgc mot md hinh cay tot hon, it bi qua khép hon.
Véi truong hop nay ta sé coi cac diém trong node cé 16p 1a 16p chiém da sb trong
node.

Diéu kién 3: Ta s& sir dung ngudng quy dinh s6 tang ti da. Néu sé tang tinh
tir node d6 téi root node bang ngudng thi sé& coi la thoa man. Diéu nay gidp giam do

sau, do phurc tap cua tree va cling tranh viéc qué khép
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Diéu kién 4: Ta s& sir dung ngudng quy dinh tong sé leaf node tbi da. Néu tong
s6 leaf node vuot qua ngudng thi s& coi 1 thoa man.

Diéu kién 5: Ta s& kiém tra entropy sau khi phan chia. Néu viéc phan chia
khong con lam cho céc gia tri entropy giam nita tinh trén mot ngudng nao doé thi sé
théa mén diéu kién
g. Phwong phap Pruning

Pruning 12 mot k¥ thuat regularization dé tranh overfitting cho decision tree
noi chung. K§ thuat pruning s& xay dung mot decision tree cho dén khi ma moi diém
trong tap huan luyén déu duoc phan 16p chinh xéc. Tiép dén non-leaf node s& tién
hanh cat tia cac non-leaf node sinh ra tir n6 bién chiing thanh mot leaf-node, véi 16p
tuong tng véi 16p chiém da s6 trong s6 moi diém duoc phan vao node do.

Phuong phap cit tia cay thuong duge xac dinh dua trén cac yéu té sau:

Dya vao mot tap kiém dinh. Dix liéu huan luyén ban dau s& dugc chia thanh
mot tap huan luyén va mot tap kiém dinh. Cay quyét dinh dugc xay dung trén tap
huan luyén cho t6i khi moi diém trong tap huan luyén duoc phan 16p ding. Sau do,
di nguoc tir cac leaf node, cit tia cac sibling node cua né va giit lai node bé me néu
d6 chinh xac trén validation set duoc cai thién. Viéc cit tia s& dung lai khi d6 chinh
X4c trén tap kiém dinh khong con duoc cai thién nira. Phuong phap nay con dugc goi
la reduced error pruning.

Dua vao toan bo tap dir liéu. Vi cach chon nay, ta sé sir dung toan bo tap dir
liu nay dé xay dung, huan luyén cho cay quyét dinh. Trong do, ta s& vao ham mat
mét mot dai luong. Pai lwong regularization nay sé ti 1é thuan vai leaf node. Cu thé,
gia st decision tree cudi cung c6 K leaf node, tap hop cac diém huin luyén roi vao

mdi leaf node lan luot 1a Sy, ..., Sk, hi d6, regularized loss s& dugc tinh Ia:

K
| S
L= mH(Sk) + AK (1'29)
k=1
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Trong d6, ky hiéu sé phan tir cua tap hop Sy 12 : | S| va H(S,) chinh 12 entropy
cua leaf node tuong ng vai Sy.
1.2.4 Mang no-ron nhan tgo

Mang no-ron nhan tao [7] 1a mét mé hinh lap trinh rat dep lay cam hang tir
mang no-ron than kinh va né dang tr¢ thanh mét cong cu rat manh mé dem lai hiéu
qua rat tt trong cac bai toan kho co thé ké dén nhu xir ly ngdn ngi, phan loai anh,
giong noi.
a. Perceptrons

Perceptron 1a mot mang no-ron duoc cau tao dya trén cac no-ron don 16. M6
hinh cua perceptron ciing gidéng nhu mot no-ron. Chung déu nhan nhiéu dau vao va
cho ra mot két qua duy nht:

*1

Xy

QOutput

*3

4

Hinh 1.4. C4u tao cia Perceptrons
Mot perceptron s€ nhan mot hoac nhiéu dau vao dang nhi phan va cho ra mot
két qua dudi dang nhi phan duy nhat. Dit liéu ddu vao déu chiu anh anh hudng boi
céc trong s twong tng cia nd. Két qua dau ra quyét dinh dya vao mot ngudng quyét
dinh.
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b. Cau tric cia no-ron nhan tao

T _\""\l
) Wi 1.
E) H:xt_ LA T — .
-, Lisim ||'||'_-.-:-'|
Wy ;r B y s
H‘. =i ) ST N -
-I . 1 F
s i ‘Jll e o | =
J" h i -
" -~ b
- - 5 a
= - Fladn Borge
C — o e,
o - ":"l'il-i |
o I'k
a0 S Trong =& Lidn két Pl

Hinh 1.5. C4u trdc ciia no-ron nhan tao

Trong d6. dir liéu dau vao 1a cac tin hiéu dudi dang dudi dang mot vecto N
chiéu dugc truyén vao. Trong sé lién két 1a thuong duoc goi 1a weight. Ching duoc
khoi tao mdt cach ngau nhién. Ham tong la sir dung dé tinh tong céc tich cua di lidu
dau vao véi trong sé lién két cua né. Ngudng 1a dugce dwa vao dé s dung trong ham
kich hoat. Ham kich hoat 1a dau va la két qua cia ham tong va ngudng. Ham kich
hoat duoc st dung dé gii han dau ra cua cac no-ron. Cac ham kich hoat 1a cac ham
tuyén tinh hay phi tuyén va ching rat da dang. Bé chon lya duoc ham kich hoat tét
sé& tly thudc vao kinh nghiém cua nguoi thiét ké mang. Pau ra la tin hiéu dau ra duy
nhat caa mdi no-ron.
c. Céac ham kich hoat phé bién

Bang 1.1. Cac ham kich hoat
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d. Mang truyén thing
Dit liéu dau vao s& duoc truyén dén don vi dau ra bang cach truyén thang. Viéc
xur Iy dit liéu c6 thé mo rong ra nhiéu 16p nhung ¢ day ching khong co cac lién két

dé phan hdi lai.

Hinh 1.6. CAu tao ciia mang truyén thing

e. Mang Multi Layer Perceptron

M6 hinh mang no-ron duoc st dung rong réi nhat 1a md hinh mang nhiéu tang
truyén thang. Mot mang MLP tong quét 1a mang c6 n (n>2) tang (théng thuong tang
dau vao khdng duoc tinh dén): trong d6 gdm mat tang dau ra (tang thir n) va (n-1)

tang an.

Tang vao Tang 4n 1

Tang 4n n-1

Hinh 1.7. C4u tao cia mang MLP
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f. Thuét toan lan truyén nguoc

Phuong phap Gradient Descent 1a mot trong nhitng phuong phap pho bién nhat
dé tdi vu mang Multi Layer Perceptron.

Lan truyén nguoc 1a phuong phép tinh gradient cia cac tham sé mang no-ron.
N6i mét cach don gian, phuong thirc ndy duyét qua mang no-ron theo chiéu nguoc
lai, tir dau ra dén dau vao, tuan theo quy tic diy chuyén trong giai tich. Thuat toan
lan truyén nguogc luu trit cac bién trung gian (1a cdc dao ham riéng) can thiét trong
qua trinh tinh toan gradient theo cac tham so. Gia sir chungtacohamY = f(X) va Z =
g(Y). Trong d6 dau vao va dau ra X, Y, Z 1a cac tensor c6 kich thudc bat ky. Bang
cach su dung quy tic day chuyén, ching ta c6 thé tinh dao ham cua X, Z nhu sau:

0Z q <OZ 6Y)
ax P95y ax
O day, chung ta str dung toan tir prod dé nhan cac dbi sé sau khi cac phép tinh

(1.30)

can thiét nhu 1a chuyén vi va hoan d6i da duoc thuc hién. Véi vecto, diéu nay kha
don gian: n6 chi don thuan 1a phép nhan ma tran. Vi cac tensor nhiéu chiéu thi s& co
cac phuong an tuong trng phu hop. Toan ti prod sé don gian hod viéc ky hiéu.

Cac tham s6 caa mang no-ron don gian véi mot tang an 1A WP va W® | Muc
dich cua lan truyén nguoc 1a dé tinh gradient 8]/ OW® va 9]/ OW @, Bé 1am duogc
diéu nay, ta 4p dung quy tic day chuyén va lan luot tinh gradient cua céc bién trung
gian va tham sb. Céc phép tinh trong lan truyén nguoc ¢6 thir tw nguoc lai so véi cac
phép tinh trong lan truyén xudi, boi ta mudn bat dau tir két qua cua do thi tinh toan
roi dan di toi cac tham sb. Budce dau tién d6 1a tinh gradient ciia ham muc tiéu | =

L + s theo mat mat L va diéu chuin s:

ﬂ =1va ﬂ =1
JL ds (1.31)
Tiép theo, ta tinh gradient cua ham muc tiéu theo cac bién cua I6p dau ra o, sir
dung quy tic day chuyén
B) 9] oL\ oL
30 = P4 (5 50) = 50 € B 132

Ké tiép, ta tinh gradient cua diéu chuan theo ca hai tham s.
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ds
=AW v =A\W®
dW@ Ve SW®@ (1.33)

Bay gio ching ta co thé tinh gradient 3]/ aW® € RI*M cua cac tham sé md

hinh gan nhat véi ting dau ra. Ap dung quy tic day chuyén, ta cé:

d] _ d(é] do )+ d(c’)] as )—a]hT+AW(2)
— PO G50 aw®) T PP% 55 aw®@ ) T 0 (1.34)

Pé tinh duoc gradient theo W ta can tiép tuc lan truyén nguoc tir ting dau
e / A 2 . , A 5 A 2,0 r
ra dén cac tang an. Gradient theo cac dau ra cua tang an a—}]l € RPduoc tinh nhu sau:

3 q (6] 60) e aT
on _ P"%%0’an) = © (1.35)

Vi ham kich hoat ¢ ap dung cho tirng phan ti, viéc tinh gradient cua bién trung
gian z ciing Y&u cau st dung phép nhan theo tirng phan ti, ki hiéu bai ©.

ﬂ = prod (6] oh

I -doyw
0z oh’dz) oh

(1.36)
Cudi cuing, ta c6 thé tinh gradient 8]/ dW™ € RP*9 cua cac tham sé md hinh

gan nhat véi ting dau vao. Theo quy tic day chuyén, ta co:

d] _ d(a] 0z )+ d(a] ds )_6] T W
aw® ~ P95 awm) T PO Gs awm ) T 52 % (1.37)

1.2.5 Mang no-ron tich chdp
a. Khai niém

Mang No-ron Tich chap (Convolutional Neural Network - CNN) [8] Ia mét ho
c4C mang no-ron wu viét. C4c kién trdc diwa trén CNN hién nay xuit hién trong moi
ngdc ngéach cua linh vuc thi gidc may tinh, va da tré thanh kién tric cha dao ma hiém
ai ngay nay phat trién cac ung dung thuong mai hay tham gia mot cudc thi nao dé
lién quan t&i nhan dang anh, phét hién d6i tugng, hay phan ving theo ngit canh ma
khong xay nén moéng dya trén phuong phap nay.
b. Kién tric mang CNN

Thiét ké cua mang ConvNets di vay muon rat nhiéu y tuéng tir nganh sinh

hoc, Iy thuyét nhom va luong rat nhiéu nhitng thi nghiém nho 1é khac. Bén canh hiéu
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nang cao trén sd lwong mau can thiét dé dat duoc du do chinh xéc, cAc mang no-ron
tich chap thuong c6 hiéu qua tinh toan hon, boi doi hoi it tham sé hon va d& thuc thi
song song trén nhiéu GPU hon céc kién trdc mang day dac. Theo [9][10] thi kién trdc

mang CNN s& dem lai hiéu qua rét tt trong viéc trich chon dic trung.

Conv + Conv + Cony + Conv +
Input Maxpool Mazxpool Mazxpool Mazxpool FC FC Output

Hinh 1.8. Kién tric mang CNN

Kién tric mang CNN bao gém céc thanh phan chinh 1a: 16p tich chap, 16p
pooling, 16p két ndi day du, ham kich hoat.
c. Lép tich chap

Lép tich chap bao gom 2 khai niém khac d6 1a bo loc tich chap va 16p tich
chap. V&i CNN, I6p tich chap 1a cac 16p an, khac ¢ chd, 16p tich chap 1a mot tap cac
ma tran dic trung va mdi ma tran d6 1a mot ban thong tin dau vao, nhung duoc trich
rit ra cac dic tinh cu thé. bo loc tich chap s& quyét dinh cac dic tinh s& dugc scan
nhu thé nao, day s& 1a mot ma tran quét qua ma tran dix lidéu dau vao, tir trai qua phai,
tir trén xudng dudi, va nhan twong @ng gi4 tri cia ma tran dau vao véi bo loc tich
chap rdi cong tong lai, tap hop cac con sb nay goi 1a ma tran dic trung.
d. Lép gop

Lép gop sinh ra dé 1am nhitng diéu d6. Cu thé 16p gop s& 1am giam sé tham sé
sir dung trong viéc tinh toan. Piéu nay sé& gilp giam hiéu qua thoi gian trong viéc tinh
toan va han ché tinh trang qua khop. C6 rat nhiéu loai gop nhung gop cuc dai thuong

duoc st dung nhiu. Gop cuc dai s& Iy gia tri 16n nhat trong mot cira s6 pool. Pooling
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cling quét ma trdn dau vao nhu 16p tich véi 1 ctra 6 truot. Tir d6 s& chon ra mot gia
tri tir c4c gia tri nam trong cira so truot V&i gop cuc dai thi s& chon ra gié tri [on nhat

trong cira so

111]2 |4

max pool with 2x2
516178 window and stride 2 6 | 8
3121110 3| 4
1121314

Hinh 1.9. Vi du vé I6p gop cuc dai

e. Céac tham sé trong mang no-ron tich chap

Filter size: 13 kich thudc ctia ctra s trugt dung dé chia nho burc anh ra. Thudng
s€ la ma tran 3x3 hoac 4x4.

Epochs: S6 luong chu ki 13p lai cia mang

Batch: sb lugng phan tir trong mot nhom dé dwa vao tinh toan trong mang.

Stride 1a khoang cach gitra 2 nh&n khi quét. Vi du véi stride = 1, nhan s€ quét
2 0 ngay canh nhau

Pooling: Lép thudngduoc sir dung dé giam chiéu va nam ngay phia sau cic
16p convolational Pooling pho bién 1a max-pooling. Thong thuong thi s& chi can st
dung kich thudc 2x2, con néu dau vao 12 anh 16n thi ta co thé st dung 4x4.
f. C4c thuat toan toi uu

Céc thuat toan toi rru 1a nén tang co s& gitip cho cic md hinh mang no-ron c6
thé "hoc " duoc cac dic trung cta dir liéu dau vao. Diéu nay gitp cho mang no-ron
c6 thé tim duogc cdp trong sb6 va ngudng phi hop cho md hinh. Vi mdi bai toan ta
can tim mot thuat toan t6i wu phi hop dé cai thién trong s va bias.

- Thuat toan Gradient Descent
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Hinh 1.10. P6 thi ham f(0) ciia thuit toan Gradient Descent
Pé tim duogc cuc tiéu trong ham £(0). Ki hiéu caa dao ham cua f tai mot diém
theta bat ki 1a Vof(0). Quy tic cap nhat theta khi & vong lap t ¢ cong thic la:
Bir1 = 8y —MVef(8y) (1.38)
Vin dé cua Gradient Descent truyén théng 1a néu téc d6 hoc qué nho thi sé
can phai huan luyén rat nhiéu epochs va tn rat nhiéu thoi gian. Trong khi toc do hoc
qua 16n thi co thé bién cap nhat s& nhanh quanh viing t6i uu vao khong hoi tu.

- Thuat toan Momentum

learning rate qua nhd phi hgp qud lén

o) | [ ey [ e —

Hinh 1.11. Méi lién hé giira téc dd huan luyén va ham J(0) trong thuat toan
Momentum
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Thuat toan dugc xay dung véi ¥ tuong chinh 13 ting gia toc khi hudng cap nhat
cung v6i huéng ciia gradient descent va giam gia toc khi hudng cap nhat nguoc véi
huong gradient descent. Cong thirc:

0 =06—vve=yve, +nVe)(0) (1.39)

Trong do, v, 1a dai lugng dat trung cho sy thay doi vi tri trong khong gian. Khi
ta di mdt budc theo GD va thu dugc vecto v,_. Tai budc t, ta sé thuc hién tinh vecto
gradient, ta sé& tang téc do 1én khi néu vecto gradient van gitt nguyén hudng voi diéu
kién v,_; phai chung huéng di véi gradient, diém thu dugc s& c6 kha ning cao 1a dén
gan véi optimal point hon 12 chi budc theo GD. Nguoc lai, néu gradient tai budc t doi
chiéu (ttc 14 ta da di qua diém optimal point), ta can quay dau lai nhung khong budc
budc 16n nhu vira r6i ma phai budce bude nho hon thi méi hi vong téi gan hon voi
diém optimal point.

- Adagrad

Adagrad duoc dé xuat nam 2011 da giai quyét van dé nay bang cach thay doi
bo dém thd s(i, t) bai tong binh phuong cua tit ca cac gradient duoc quan sat trudc
d6. Cu thé, n6 sir dung s(i, t + 1) = s(i, t) + (9;f(x))? 1am cdng cu dé diéu chinh téc
d6 hoc. Viéc nay dem lai hai lgi ich: trudc tién ta kndng can phai quyét dinh khi nao
thi gradient duoc coi 1a du 16n. Thtr hai, n6 ty dong thay doi gia tri tuy theo do Ion
cua gradient.

Téc d6 hoc trong Adagrad dugc coi la 1 tham sé va dugc thuat toan bién thién
tai cac thoi diém t. Do ciing 1a mot loi fch cua thuat toan khi chi can chon téc d6 hoc
mac dinh va thuat toan sé tu dong diéu chinh. Quy tac cap nhat theta khi & vong lap t
c6 cong thuec la:

n (1.40)

01 =0 ———=0 g
JGi+e
g. Ham mat mat
Ham mat méat (Loss function) 12 ham thé hién sy twong quan, mdi quan hé gitra
gia tri thyuc té va gia tri ma mo hinh dy doan. Va khi hiéu hai gi trj trén = 0 tic 13

doan chinh xac. Muc tiéu cua viéc xay dung ham mat mat dé cd mot do do 16i. Loss
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cang nho thi 18i cang it tir d6 ham téi vu duoc sir dung dé t6i wu ham mat mét sao cho
gia tri ham mat mat 1 nho nhat.

- Cross-Entropy Loss

Ddi vé6i bai toan phan loai thi day 1a phuong phap phd bién va duoc st dung
nhiéu nhat. Ham mét mat s& ting khi ma nhan du doan sai ting. Cong thirc ciia phuong
phap nay la:

Loss = —(y;log(y) + (1 — y)log(1 — y1) (1.41)

- Mean Absolute Error

Pé danh gia mbi quan hé giira dau ra dy doan va thyc té, mot trong nhirng céch
don gian nhat d6 1a 1ay trung binh cong cua tri tuyét doi cua gié tri dy doan trir gid tri
thuc té. Ki hiéu cua ham mat mat nay 1a MAE:

ie1 lyi — %l (1.42)
n

MAE =

Uu diém cia phuwong phép nay 1a gia tri khdng bi léch qua nhiéu do hai gia tri
du doan va gia tri thuc té quéa chénh léch vi nd khdng sir dung binh phuong.
- Mean Square Error
Ham mat mat nay duoc tinh bang trung binh cia binh phuong céac sai s6. Cong
thuc la
n (1.43)

1 .
MSE = HZ (Y, - 9)°

i=1

Diy la phwong phdp dé dang tinh v&i Y la mot vecto quan sat va
Y lavecto du doan.

Uu diém cta phuong phéap ndy 1a n6 rat d& tinh dao ham.
h. Mgt s6 mang tich chap thwong dwoc sir dung trong bai toan nhan dién
khudon mat

Hién nay c6 rat nhiéu mang tich chap dugc sir dung trong bai toan nhan dién
khudn mit c6 thé ké dén nhu AlexNet, VGG16, DenseNet, GoogleNet hay ResNet.
Trong d6 mang duogc cho 12 tiéu biéu va c6 sic anh huong 16n nhat 1a GoogleNet hay

ResNet. Nam 2014, Cac k¥ su ctiia google gidi di sir dung mot mé hinh mang rat dic
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biét c6 tén 12 GoogleNet dé tham gia cudc thi ImageNet 2014 va dugc cong dong
danh gi4 rat cao. Resnet duoc biét dén rong rii vao nhiing nam 2015 khi gianh giai
nhét cac cude thi nhu ILSVRC 2015 va COCO 2015. Trong do, resnet da lan luot
vuot qua cac mang dugc coi 13 tot nhat ltc bay gio nhu ImageNet Detection, Coco
segmentationResNet.
1.3 Phwong phap xac dinh vi tri khuén mat véi mang tich chap MTCNN
1.3.1 Gigi thiéu

Hién tai, c6 rat nhiéu cac phuong phap xac dinh vi tri khuén mat qua anh c6
thé noéi dén nhu HOG, MTCNN hay Haar Cascade. Trong d6 nhiéu nghién cau chi
ra MTCNN Ia mét trong nhitng mang hiéu qua nhat. DU con nhiéu han ché c6 thé
no6i dén nhu tc do xir ly, mang phic tap nhung MTCNN ngay cang dugc sir dung
rong rai trong thuc tién. MTCNN mot mang 1én gom nhiéu mang con. Mdi mang
con déu xir Iy mot bai toan nho trong viée xac dinh vi tri caa khudn mat. Trong kién
tric, MTCNN st dung lan luot ba mang P-Net, R-Net, O-Net dé xac dinh khudn
mat.
1.3.2 Cdu triic mang P-Net

MTCNN mét mang 16n gdm nhiéu mang con. Mdi mang con déu xu ly mot
bai toan nho trong viéc xac dinh vi tri cua khudn mat. Trong kién tric, MTCNN sir

dung lan luot ba mang P-Net, R-Net, O-Net dé xac dinh khudn mit.
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Feed (Input layer)
Convolution Layer 1
PRelLu Layer 1
Maxpool layer

Convolution Layer 2

PRelu Layer 2

Convolution Layer 3

PRelu Layer 3

Convolution 4-1 Convolution 4-2

Softmax

Hinh 1.12. Kién trac mang P-Net

Tang dau tién 1a mot cum gdm c6 mot 16p tich chap 3x3 véi sai la 1, ham kich
hoat 12 PReLu va I6p gop cuc dai véi ctra s6 14 2x2 véi sai 1a 2 ¢é giam mot nira kich
thude dau ra. Tang thir hai 6 mot 16p tich chap 3x3 vai sai 1a 1, ham kich hoat PReLu.
Tang tha ba c6 mot I6p tich chap 3x3 véi sai 1a 1 va ham kich hoat 1a Softmax. Tai
tang thir ba dau ra caa mang géom 3 phan la xac suat ciia khudén mit trong hinh, 4 diém
toa do khudn mat va 10 diém vi tri ctia khudn mat. Hai bo loc c6 kich thuéce 1x1 dé
xac dinh vi tri khudn mat s& duoc cho vao softmax. Con lai thong tin vé toa do, cac
diém trén khudn mit s& duoc giri t6i mang R-net
1.3.3 Cdu tric mang R-Net

MTCNN mét mang 16n gdm nhiéu mang con. Mdi mang con déu xu ly mot
bai toan nho Cau trdc mang R-Net
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Feed (Input layer)

Convolution Layer 1
PRelu Layer 1
Maxpool layer

Convolution Layer 2
PRelu Layer 2

Maxpool layer

Convolution Layer 3

PRelLu Layer 3

Fully Connected 1

PRelu Layer 4

Fully connected 1 Fully connected 2

Softmax

Hinh 1.13. Kién tric mang R-Net

Tang tha nhat st dung 16p tich chap 3x3 vai sai la 1, ham kich hoat 13 PReLu
va sau d6 1a mot 16p gop cuc dai vai cira s6 truot 14 3x3 véi sai 1a 2 dé kich thuéc
cua dit liu dau ra. Tang tha hai sir dung 16p tich chap 3x3 véi sai la 1, ham kich
hoat 1a PReLU va sau d6 ciing 1a mot 16p gop cuc dai véi cira 6 truot 13 3x3 véi sai
1a 2 dé kich thudc cua dir lidu dau ra. Tang tha ba s& 1a mot 16p tich chap 3x3 voi
sai 1a 1, ham kich hoat 1a PReLu va sau d6 1a mot 16p két ndi day du voi ham kich
hoat 1a softmax. Tai tang thir ba dau ra s& chia 1am hai phan d6 1a cung cap toa do
méi cua vi tri khuén mat ciing véi xac suit cua nd. O-Net s& tiép tuc lay toa do
khudn mat méi ma R-net cung cap lam dau vao dé xac dinh cac méc trén khudn

1

mat.
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1.3.4 Cdu tric mang O-Net

Feed (Input layer)

Convolution Layer 1

PRelLu Layer 1
Maxpool layer

Convolution Layer 2
PRelu Layer 2

Maxpool layer

Convolution Layer 3

PReLu Layer 3

Maxpool layer
Convolution Layer 4

PRelLu Layer 4

Fully Connected Layer

PRelLu Layer 5

Fully connected 1 Fully connected 2

Softmax

Fully connected 3

Hinh 1.14. Kién trac mang O-Net

O-Net st dung 4 16p tich chap, 3 tang gop cuc dai va 1 16p két ndi day du.
Mang trong O-Net chia lam nim tang. Tang thi nhat gdm mét 16p cnn 3x3 vai sai
1a 1, ham kich hoat 12 PReLu va mét ting gop cuc dai 3x3 véi sai 1a 2 dé giam kich
thuéc cua dir liéu. Tang thi hai gdm mot 16p cnn 3x3 véi sai 1a 1, ham kich hoat 12
PReLu va mot tang gop cuc dai 3x3 vai sai 1a 2 dé giam kich thuéc cua di lidu.
Tang tht ba gdm mét 16p cnn 3x3 vai sai la 1, ham kich hoat 12 PReLu va mot tang
gop cuc dai 2x2 vai sai 1a 2 dé giam kich thudc caa dit liéu. Tang thir tw gdm mot
l6p cnn 2x2 v&i sai 1a 1, ham kich hoat 12 PReLu. Tang tha nam 1a 16p két ndi day

du, ham kich hoat 1a softmax. Pau ra cia MTCNN & 3 cum la xac xuat cta khudn
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mat nam trong toa do, toa dd cua khudn mit va toa do cua vi tri cac mdc trén khuén
mat
1.3.5 Ddnh gia

M hinh MTCNN c¢6 kha nang trich rat déac trung va xac dinh vi tri khuén mat
rat tot va c6 kha niang phat hién khudn mit trong cac trudng hop ¢ nhiéu, &nh séng
qua t6i, qua sang, md hay nhu anh chi chira mot phan khudn mit.
1.4 Két luan

Chuong nay da giéi thiéu vé tong quan vé nhan dién khubn mat, kién trac hé
théng nhan dién khudn mit ciing nhu tng dung caa hé thdng trong thuc té. Bén canh
d6 noi dung cua chuong ciing trinh bay vé mot sé phuong phap hay duoc sir dung
trong bai toan nhan dién khudn mat nhu PCA, LDA, ciy quyét dinh, mang no ron
nhan tao, no ron tich chap. Tur d6 co thé danh gia dugc uvu nhuoc diém cua tung

phuong phap trong bai toan nhan dién khuén mat.
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CHUONG 2. HE THONG NHAN DIEN KHUON MAT DUA

TREN MANG NO RON TiCH CHAP
2.1 So @ thiét ké hé thong nhan dién khudn mit

Trong hé théng c6 ba budc xir Iy chinh dé c6 thé nhan dién khudn mit. Do 1a

xac dinh vi tri khuén mat, trich chon dic trung ctia khuén mat va phéan loai xac dinh

khubn mat.

Ann
JAu vao

Xac dinh vi tri

khudn mat

T xudt hign
mat trong
khung hinh?

Trich chon dac
trng cuia ving
khudn mat vira
dwgc xac dinh

T — Stream

Si¥ dung random forest d& phén loai cac

7 A B
R &R L.

dac trena
iy

dbdbdb'db
Tree-2

Xac dinh théng
tin khudn mat va|
V& lai anh

Hinh 2.1. So' d6 hoat déng cia hé théng nhan dién khudn mat
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Trong hé théng c6 ba budc xir Iy chinh dé c6 thé nhan dién khudn mit. Do 1a
xac dinh vi tri khudn mat, trich chon dac trung ctia khuén mat va phén loai xac dinh
khubn mat.

Céc budc dé huan luyén mé hinh phan loai:

Budc 1: Chuan bj dit liéu anh khudén mat dé huan luyén

Buégc 2: Xir Iy xac dinh vi tri va trich chon dic trung khudn mit tir tap huan
luyén

Budc 3: Huan luyén ring ngau nhién dé phan loai dic trung
2.2 Mang Inception-ResNet sir dung cho viéc trich chon dac trung khuon
mit
2.2.1 Gidi thigu

Cac mang tich chap rat sau hién nay dang dwgc coi la trung tam cua nhing
tién bo 16n nhat trong hiéu suat nhan dang hinh anh trong nhitng nim gan day. Theo
nghién ctru gan day thi cac mang CNN hoat dong rat tét trong viéc trich chon dac
trung va phan loai khuén mat. Trong do, ta c6 thé ké dén mot sé kién tric mang hoc
sau nhu VGGNET, ZFNET hay AlexNET trong bai toan nhan dién khuén mat. Mang
VGGNET duoc gidi thiéu boi google naim 2014 da cho thiy budc ngoit rat 16n trong
thiét ké mang hoc sau véi kién triic xép chong lién tiép nhiéu 16p tich chap dem lai
hiéu qua rat tét. Tuy nhién véi mot mang hoc qué sau, qué nhiéu lép tich chap xép
chdng 1&n nhau s& khién khién @6 chinh xac bi bdo hoa, mang hoc 1au hon va ti 1¢ 15i
d6i khi con cao hon mang cii. Vi vay ta c6 thé thdy khong phai véi bai toan nao ta
cling c6 thé str dung nhitng kién tric mang c6 sin nhu VGGNET, ZENET hay
AlexNet rdi thém nhiing tang tich chap phia sau thi s& dem lai két qua tt. Tur nhitng
van dé gap phai trén, nhém nghién cttu Microsoft di cho ra mit mang Resnet va doi
ngil Google gidi thiéu mang Inception dé khic phuc nhung van dé vé mang hoc qué
sau nhu giam thiéu thoi gian, tai nguyén cho viée tinh toan va ting d6 chinh xac. Diéu
nay khién ching ta phai dat ra cau hoi liéu co bat ky loi ich, cai tién nao khi két hop

kién trc mang inception va mang két ndi tat.
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2.2.2 Mang GoogleNet
a. Khoi Inception

Khéi tich chap co ban trong mé hinh GoogLeNet dugc goi 1a Inception. Khoi
Inception trich xuat thong tin mot cach song song thong qua céc tang tich chap voi

kich thudc ctra s6 khac nhau va cac tang gop cuc dai.

> Ghép ndi ]
3x3 Conv, dém 1 5%5 Conv, dém 2 1«1 Cany
1x1 Conv t 4 t
[ ™ Con 1%1 Cony 3x3 MaxPool, dem 1
Bau vao I

Hinh 2.2. Hinh 2.1 Khéi Inception
Nhu mo ta & hinh trén, khdi inception bao gdm bdn nhanh song song véi nhau.
Nhanh dau tién st dung mdt tﬁng tich chap voi cua s6 truot 1a 1x1
Nhanh thit hai st dung hai tang tich chap véi cira s6 truot 13 1x1, 3x3 dém 1

Nhanh thir ba stir dung hai tﬁng tich chap voi ctra s6 truot 1a 1x1 va 5x5 dém

Nhénh thtr ba st dung mot tﬁng g0p tdi da voi cia s6 truot 1a 3x3 dém 1 va
tang tich chap 1x1

Ba nhanh du tién st dung céac cura s6 1x1, 3x3 va 5x5 dé trich chon dic trung
tu tir cac viung khong gian khac nhau. Tang tich chap 1x1 giam sé kénh & mic do
diém anh. Phép gop cuc dai giam d6 phan giai

Sau khi gidi thi€éu mang googlenet, cac ky su nghién ctru cua google da giai
thich vi sao ho lai st dung kich thudc cura s6 truot 14 1a 3x3 va 5x5. D6 1a vi ho da
thuc hién cac ctra s truot tir 3x3, 5x5, 7x7 va 11x11 thi nhan théy viéc st dung kich
thude cira s6 10n nhu 7x7 hay 11x11 s& dem lai hiéu qua cao hon trong viéc trich
chon dic trung. Tuy nhién viéc thay d6i st dung cac cira s6 voi kich thude khac nhau

d6i khi s& phai danh ddi giira hiéu nang, chi phi cho viéc tinh toan.
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Mang googlenet hién nay d trai qua rat nhidu ban ning cap, Google lién tuc
c6 nhiéu cai tién dang ké trong cac khdi inception giup cho viéc tinh toan dién ra
nhanh hon. Vi du nhu 1 bd loc 5x5 s€ dugc thay béng 2 bd loc 3x3 ndi nhau. Véi
truong hop trén thi két qua dem lai 1a twong duong nhung viée tinh toan dién ra nhanh
hon.

b. Kién triic mang

Sau déy 14 kién tric ciia mang:

I Dense I

I Global AvgPool I
e————u
==

t
I 3x3 MaxPool I

P ay=

1
I 3x3 MaxPool I

| —

2%

3x3 MaxPool

t
3x3 Conv

t

| |
| |
[ wicow |
| |
| |

t
3x3 MaxPool

1
TxT Conv

Hinh 2.3. Kién triic mang GoogletNet
GoogLeNet sir dung tong cong 9 khdi inception va ting gdp trung binh toan
cuc xép chdng 1én nhau. Phép gdp cuc dai giita cac khdi inception c6 tac dung lam
giam kich thudc chiéu. O phan dau trong kién tric c6 cac khdi xép chong 1én nhau
ké thira tir thiét ké cia VGG va phép gop trung binh toan cuc giup tranh phai st dung

nhicu tang két noi day du lién tiép & cudi.
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c. Panh gia

Mang GoogleNet di cho thay hudng giai quyét bai toan trich chon dic trung
rat mai. Thay vi su kém hiéu qua trong viéc xép chong cac 16p tich chap thi
GoogleNet da dem lai hiéu qua rat tot trong viéc trich chon dic trung. Nhung cach
1am nhu vay van con han ché véi md hinh mang hoc qua sau vi dic trung, théng tin
dir liéu van c6 kha ning bi thay ddi 16n khi vao cac tang sau va khi d6 s& kém hiéu
qua.
2.2.3 Mang ResNet
a. Cac 16p ham so

Coi F 1a mot 16p cac ham ma mot kién tric mang cu thé (cung véi toe d6 hoc
va cac siéu tham sb khac) co thé dat dugc. N6i cach khac, véi moi ham sé f € F
lubn tn tai mot s tap tham sé6 W ¢ thé tim dugc bang viéc huan luyén trén mot tap
dir liéu phu hop. Gia st f* 1a ham can tim. S& rat thuan lgi néu ham nay thuoc tap
F nhung thuong khéng may man nhu vay. Thay vao dé, ta s& ¢b gang tim cac ham
s6 £ tot nhat co thé trong tap F. Vi du, c6 thé thu tim bang cach giai bai toan tdi uu
sau:

fr:= arggninL(X, Y, f) (2.1)

Khé hop ly khi gia sir rang néu thiét ké mot kién trac khac F' manh mé hon
thi s& dat dugc két qua tot hon. Noi cach khac, ta ky vong ham s6 .. Chi khi céc 16p
ham 16n hon chira cac 16p nho hon, thi maéi dam bao rang viéc ting thém céac ting sé
tang kha nang biéu dién ciia mang. Day 1a cau hoi ma He va cac cong su da suy nghi
khi nghién ciu cac md hinh thi giac siu nim 2016. Y tudng trong tm cua ResNet la
mdi tang dugc thém vao nén cd mot thanh phan 1a ham sé dong nhat. Piéu nay c6
nghia rang, néu ta huan luyén ting méi dugc thém vao thanh mot anh xa déng nhat
f(x) = x thi mé hinh méi s& hiéu qua it nhat bang mé hinh ban dau. Vi ting dugc
thém vao c6 thé khép dir liéu huan luyén tét hon, dan dén sai s6 huan luyén ciing nho

hon. Ham s dong nhat nén 1a ham don gian nhat trong mét tang thay vi ham null
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f(x) = 0. Cach suy nghi nay kha triru trong nhung lai dan dén mot 1oi giai don gian
dang ngac nhién. D6 1a khdi phan du [11].
b. Khoi phan duw

M6t mang no-ron binh thudng s& 6 kién trac nhu sau:

!

Ham kich hoat

Tang trong 6

+

4 i
I ]

]
! |
: Ham kich hoat :
I '

]
: i
I '
I ]

4

Téng trong =0

Hinh 2.4. Kién tric mang no-ron
Mang nhan gid tri dau vao ki hiéu la x. Gia st anh xa 1y teéng mudn hoc dugc
la f(x)f(x), va dugc dung lam dau vao cua ham kich hoat. Nhung ddi vai viéc st dung
khdi phan du thi phan nam trong vién nét dit bén phai chi can tham sé hoa do
léch khoi gia tri x boi vi ta da tra vé x + f(x) va & day s& dé toi wu hon vi chi can dat

f(x) = 0. Sau day 14 kién trdc khéi phan du:
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Hinh 2.5. Kién tric khéi phan dw
c. Kién tric mang
ResNet c6 thiét ké tang tich chap 3x3 gidng VGG. Khéi phan du c6 hai tang
tich chap 3x3 vai ciing s6 kénh dau ra. Mdi tang tich chap duoc theo sau bai mot tang
chuan hoa theo batch va mot ham kich hoat ReLU. Ta dua dau vao qua khéi phan du
réi cong véi chinh no trude ham kich hoat ReLU cudi cuing. Thiét ké nay doi hoi dau
ra cua hai tang tich chap phai c6 cung kich thudc véi dau vao, dé cd thé cong lai véi

nhau.
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Hinh 2.6. Kién tric mang Resnet
Hai tang dau tién cua ResNet giéng hai tang dau tién cia GooglLeNet: tang
tich chap 7x7 voi 64 kénh dau ra véi sai budce 2 va dugc gop cuc dai bang véi cira s6
14 3x3 vai sai budc 2.
GoogLeNet sir dung bén md-dun dugc tao thanh tir cac khéi Inception. ResNet
str dung bdn md-dun duoc tao thanh tir cac khdi phan du c6 cung sb kénh dau ra. M6-
dun dau tién cd sé kénh bang sé kénh dau vao. Vi trude d6 da st dung ting gop cuc

dai vé6i sai budc 2, nén khong can phai giam chiéu cao va chiéu rong & mo-dun nay.
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Trong cac md-dun sau, khdi phan du dau tién nhan déi s6 kénh, dong thoi giam mot
nira chiéu cao va chiéu rong.

C6 4 tang tich chap trong mdi mo-dun (khong tinh tang tich chap 1x1). Cong
thém tang tich chap dau tién va ting két néi day da cudi ciing, mé hinh cé téng cong
18 tang. Do d6, m6 hinh nay thuong duoc goi 1a ResNet-18. C6 thé thay doi sb kénh
va cac khéi phan du trong mo-dun dé tao ra cac mé hinh ResNet khac nhau, vi dy md
hinh 152 tang cua ResNet-152. Mic du ¢d kién triic 161 twong tu nhu GoogLeNet, cau
trdc ciia ResNet don gian va dé sira d6i hon. Tét ca cac yéu to nay dan dén su pho
cap nhanh chéng va rong réi cua ResNet.

d. Kétluan

Mang Resnet sinh ra dd khic phuc duoc diém yéu rat 16n trong hau hét cac mo
hinh mang. Y tuong vé khoi phan du (hay con goi la két néi tat) da giup cho viéc han
ché mat mat cac dic trung quan trong khi di qua mot mé hinh mang rat sau.

2.2.4 Mang Inception-ResNet

Inception-ResNet 1a mot mang hoc rat sdu. CAu tao ciia mang ciing rat dic biét.
Kién tric mang inception-ResNet str dung nhiéu khoi mang con nhu Inception-A,
Inception-B, Inception-C, Reduction-A, Reduction-B, Stem. Chinh nhit dic diém trén
cho mot mang inception phan du véi hiéu ning rat tot.

Sau day 1a kién tr(ic mang chi tiét:
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Hinh 2.7. Kién tric mang Inception-ResNet
a. Khoéi STEM
Dit liéu s& lan luot di qua cac mang tich chap dé trich chon ra dic trung. Vé
kién trdc thi cac mang xép chong tai khéi nay khong méi nhung dem lai hiéu qua kha

tot.
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Hinh 2.8. Khéi STEM
b. Khoi iception phan dw(IRB)

Su két hop gitra khéi inception va khéi phan du dugc thé hién ¢ viéc dit lieu
dau vao sau khi di qua cac khdi inception s& dugc cong voi chinh né. Piéu nay sé
gip cho qué trinh hoc khi vao cac 16p sau cho dén rat sau thi ta khong bi mat di
nhitng thudc tinh quan trong. Cu thé ta c6 khdi inception phan du 1a Inception-A,
Inception-B, Inception-C.

Sau day 1a kién tr(ic cia mang Inception-A:
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Hinh 2.9. Khéi Inception-A

Khoi Inception ndy bao gom 3 nhanh song song. Ba nhanh déu str dung cac
tang tich chap véi kich thudc cira s6 truot khac nhau dé trich chon dic trung. Cu thé
nhéanh thir nhat gom mot tang tich chap 1x1. Nhanh tht hai gom moét tang tich chap
1x1, 3x3. Nhanh thir ba gom ba tang tich chap 1a 1x1, 3x3, 3x3

Ba nhanh déu sir dung cac tang tich chap véi kich thuéc ctra s6 truot khac
nhau dé trich chon dic trung. Ca ba nhanh st dung phan dém phi hop dé dau vao va
dau ra cua khdi c6 cing chiéu cao va chiéu rong. Cudi cung la dit lidu dau vao s&
dugc cong voi dau ra cua tang tich chap 1x1 cudi cing dé lam input cho ham kich
hoat tiép theo

Sau day 1a kién tr(ic cia mang Inception —B:
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Relu activation
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Hinh 2.10. Khéi Inception-B

Khdi Inception B bao gom hai nhanh song song va thiét ké don gian hon khéi
inception A. Nhénh thir nhat chi gom 1 mang tich chap 1x1. Nhanh thi hai bao gém
3 mang 1x1, 1x7, 7X7.

Ca hai nhanh sir dung phan dém phu hop dé dau vao va dau ra cua khéi co
cuing chiéu cao va chiéu rong. Cudi cing 1a 1 tang tich chap 1x1 dé thay doi sé luong
kénh. Cudi cung la dir liéu dau vao s& duoc cong véi dau ra cua tang tich chap 1x1
cubi cung dé 1am input cho ham kich hoat tiép theo

Sau day 1a kién tric ciia mang khéi Inception —C:
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' Relu activation
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Hinh 2.11. Khéi Inception-C

Pay 1a khéi inception phan du cudi cing duoc st dung trong mang. Khéi
inception C c6 cau tao giéng nhu khdi inception B chi khac vé thich thudc. Khoi
inception nay ciing so hiru hai nhanh song song véi nhau. Nhanh tha nhat chi c6 mot
tang tich chap 1x1. Nhéanh tha hai gdm 3 tang tich chap la 1x1, 1x3, 3x1

Ca hai nhanh sir dung phan dém phd hop dé dau vao va dau ra caa khdi co
cuing chiéu cao va chiéu rong. Cudi cing 1a 1 tang tich chap 1x1 dé thay ddi sé luong
kénh. Cudi cuing la dir liéu dau vao s& dugc cong véi dau ra caa tang tich chap 1x1
cudi cung dé 1am input cho ham kich hoat tiép theo
c. Khéi reduction

Ta c6 hai khdi reduction 1a Reduction-A va Reduction-B. Sau day 1a kién tric

cua mang Reduction-A:
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Hinh 2.12. Khéi Reduction A
Pay 1a khdi giam chiéu thir nhat. O khéi reduction A bao gom 3 nhéanh chinh.
Cu thé nhanh thir nhat gdm mot tang gop téi da 3x3. Nhanh thar hai gom mét tang
tich chap 3x3. Nhanh thir ba gom ba tang tich chap la 1x1, 3x3, 3x3. O tang cudi
trong ca ba nhanh déu sir dung stride 2 dé giam depth trude khi két hop ca ba tang.

Khdi Reduction-B s& ¢6 kién triic nhu sau:

Filter concat
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/ 3x3 Conv 3x3 Conv t

23 MaxPool st rutltie 2 st r:t;e 2 333 Conv

stride 2

'\\ 1x1 Conv 1x1 Conv I
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Hinh 2.13. Khéi Reduction B
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Khdi reduction B gém 4 nhanh xu ly song song bao gdm nhanh tha nhit s¢
hitu mot ting gop cuc dai duy nhat. Nhanh thir hai gdm hai tang tich chap 1x1 va 3x3.
Nhéanh thir ba gdm ba twong ty nhu nhanh thr hai nhung khac sb luong bo loc vao
tang 3x3.Nhanh tht tu bao gém 3 tang tich chap xép chong d6 1a 1x1, 3x3, 3x3.. Tai
tang cudi cung mdi nhanh déu sir dung stride 1a 2 dé giam depth
2.3 Rirng ngéu nhién
2.3.1 Gigi thigu

Rung ngau nhién (Random Forest) hay con duoc goi la riing quyét dinh ngau
nhién 12 mot k¥ thuat hoc tap duoc sir dung dé giai quyét cac nhiém vu hoc tap c6
giam sat nhu phan loai va hoi quy. Mot tinh nang wu viét caa rirng ngau nhién 13 n6
c6 thé khic phuc dugc su quéa khéop (overfitting) trén tap di liéu dao tao caa minh.
2.3.2 Kién trac

Kién trdc md hinh cua ring ngau nhién 1a mot tap hop cua nhiéu cay quyét
dinh. M&i mot cay quyét dinh s& tra ra mot két qua du bao. Ngoai ra mé hinh ciing

duoc chay trén rat nhiéu cac sub-sample.

Random Forest Simplified

Instance

Random Forest

/ ~a
A D
= /
PASPANPAN o,
Tree-1 Tree-n
Class-A Class-B Class-B

l Majority-Voting | |

J

=° . 3 11
'Final-Class

Hinh 2.14. Kién trac caa rirng ngiu nhién
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Y tuwéng cua Random Forest kha don gian. Thuat todn nay sinh mét sé cay
quyét dinh (thudng 13 vai tram) va st dung ching. [12] da chi ra cac cau hoi cia cay
quyét dinh s& 1a cau hoi vé cac thudc tinh. Vi du: “Canh hoa c6 dai hon 1.7cm hay
khong?”. Cau gia tri & n(t 14 s& 1a cac 16p (class). St dung hang tram cdy quyét dinh
la bat kha thi v&i con ngudi, nhung may tinh c6 thé 1am viéc nay twong déi dé dang.
Nhitng cay nay thyuc su duoc dao tao trén cac phan khac nhau cia ciing mot tap huan
luyén. Vé mat ki thuat, mot cay riéng 1é duoc trong rat sau c6 xu hudéng hoc hoi tir
cac mau rat kho doan. Loai cay nay tao ra cac van dé qua muc trén cac bo huan luyén.
Hon nita, do léch thip 1am cho trinh phan loai c6 hiéu suat thip ngay ca khi chat
luong dix lidu cua ban tét vé mit tinh nang.

2.3.3 Qua trinh bootstrapping

Rung ngau nhién sir dung hang traim hang ngan cay quyét dinh nhung néu nhu
tat ca cac cdy duoc dung theo cing mét cach, ching s& cho nhitng cau tra loi giéng
nhau. Nhu vay chang khéc gi ching ta chi sir dung mot cay quyét dinh duy nhat ca.
Tir d6, Rirng ngau nhién da sir dung bootstrapping dé giai quyét van dé nay. Qua trinh
bootstrapping duoc ring ngau nhién st dung la thuat toan s& chon ra ngau nhién cac
quan sat (observations) dé dam bao rang khdng phai tat ca cac cay quyét dinh cho
cling cau tra loi. Cu thé rirng ngau nhién thuc hién s& xoa mot s6 quan sét va l3p lai
mot s6 khac mot cach ngau nhién khién mdi cay quyét dinh s& déu c6 nhiing thay doi
riéng.

2.3.4 Qué trinh attribute sampling

Dé chic chin cac cay quyét dinh duoc tao ra s& hoan toan khac nhau, ring
ngau nhién str dung thém k§ thuat 1ay mau thuoc tinh (attribute sampling). Ring ngau
nhién thuc hién qua trinh attribute sampling bang cach loai bo ngau nhién mét sé cau
hoi khi xay dyng cay quyét dinh. Diéu nay s& gilp tao nén tinh ngau nhién cho thuat
toan. Trudng hop cau hoi tét nhat bi loai bo thi cau hoi khac s& duoc thay thé va tur

d6 mot cay quyét dinh hoan todn méi s& duogc xay dung.
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2.3.5 Két qud duw dodn

Random Forest Ia thuat toan thudc 1ép mé hinh két hop (ensemble model). Két
qua cua thuat toan dya trén bau cu da sd tir nhiéu cay quyét dinh. Do d6 mé hinh c6
d6 tin cay cao hon va do chinh xac tét hon so v&i nhitng md hinh phan loai tuyén tinh
don gian nhu logistic hoac linear regression.

2.3.6 Tham sé cia Random Forest

Cac tham sé thuong dugc sit dung khi huan luyén random forest la
n_estimators, max_depth, min_samples_split, max_features, max_features,
class_weight, min_impurity_split.

Trong d6 n_estimators 13 sd luong cac trees trén mét cay quyét dinh. Tham s6
max_depth 1a d6 sau 16n nhit ciia mot cay quyét dinh. Tham s min_samples_split Ia
sO lwong mau t6i thiéu can thiét dé phan chia mot internal node. Néu kich thudc mau
& mot internal node nhé hon ngudng thi ta sé khong r& nhanh internal node. Tham s6
max_features 1a s6 luong cac dic trung duoc xem xét khi tim kiém phuong an phan
chia tot nhat. Mic dinh 13 toan bo cac dic trung dau vao. Tham s class_weight |4 trong
sO twong g vai mdi 16p. Mic dinh 12 None, khi d6 cac 16p s& c6 mirc do quan trong
nhu nhau. Tham s min_impurity_split 1a ngudng dé dung som (early stopping) qua
trinh phat trién cta ciy quyét dinh. N6 sé& tiép tuc phan chia néu d6 van duc (impurity)
16n hon ngudng, trai lai thi n6 1a node leaf.

2.3.7 Sir dung random forest dé phan loai, dinh danh cho khudén mgt

Do6i v6i bai toan nhan dién khudn mat. nhiéu nghién ciu cho thay Random
forest dem lai két qua tdt trong ca hai viéc 1a trich chon dic trung va phan loai khudn
mat [13]. Trong khuén kho bai luan nay, random forest s& chi duoc &p dung cho viéc
phan loai khuon mat. Dit liéu anh sau khi qua mé hinh tich chap Inception-ResNet s¢
tra ra cho ching ta két qua 1a mot vecto dic trung. Ta sé& sir dung random forest dé
huan luyén céc vecto dic trung d6 voi nhin twong ung. Sau khi két thic huan luyén
ta s& thu dugc md hinh phan loai. Mé hinh phan loai nay sé dwoc st dung trong thuc

thé véi dit liéu dau vao 1a mot vecto dic trung va né sé tra lai nhan véi x4c suat trong
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g véi vecto dic trung dau vao. Tir d6 ta co thé xac dinh khubén mat dau vao giéng

V§i ai nhit.

2.4 Két luan

Chuong nay trinh bay vé so d6 thiét ké hé thong nhan dién khudn mat, mang
trich chon dic trung va k¥ thuat phan loai ring ngau nhién. Trong d6, noi dung
chuong c6 di sau vé mang hoc sau googlenet, resnet tir d6 dua ra wu nhugc diém khi
két hop hai mang thanh mang inception resnet. Chuong 3 s& trinh bay vé két qua thu
duogc khi sir dung mang inception resnet két hop vai rirng ngau nhién cho bai toan

nhan dién khudn mat.
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CHUONG 3. THU NGHIEM VA PANH GIA

3.1 B dir liéu dau vao

Bo dir lieu duoc sir dung trong luan van la hai bd dir liéu faces94 [10] va
CASIA-WebFace [20]. Trong d6 bd dir liéu faces94 dugc thu thap tor trung tam
nghién ctru Center for Machine Perception thudc dai hoc k¥ thuat Séc va bo di liéu
CASIA-WebFace duoc suu tam tir vién tu dong hda tai hoc vién khoa hoc Trung
QuAbCc(CASIA). Luan vin s& st dung hai bd dit liéu vao cac muc dich khac nhau. Bo
dir ligu faces94 chira khoang 1300 anh cua 153 nguoi. Pay 1a bo dir liéu nho duoc
dung dé thir nghiém va danh gia hiéu qua caa kién tric mang truée khi sir dung bo
dir liéu chinh dé huan luyén. Bo dit liéu CASIA-WebFace chira khoang 500.000 anh
duoc thu thap tir 10.000 ngudi. Trude khi dwa vao huan luyén cho mé hinh trich chon
dic trung thi nhitng birc anh nay s& duoc duyét qua moé hinh mtenn dé xac dinh vi tri
toa o6 khubn mit caa mdi ngudi trong tap dir liéu.
3.2 Qua trinh huan luyén

Sau khi d3 c6 dit lidu dau vao 1a cac khudn mit. Ta tién hanh huan luyén mang
Inception-ResNet vai ham téi uu duoc st dung 1a adagrad. Vi adagrad 1a mot ham téi
vu ty diéu chinh téc 6 hoc. Voi nhitng ngudi it kinh nghiém trong bai toan nay viéc
lya chon mot mé hinh kém véi mot phuong phap toi wu can truyén vao 1a toe d6 hoc
s& rat kho khan vi né tén thoi gian, cong sirc dé danh gia nén em quyét dinh str dung
adagrad. Adagrad coi toc do hoc ciing 1a mot tham sé va diéu chinh tdc d6 hoc sao
cho learning nho khi ma dix liéu it khac biét va tée do hoc khi dir liéu nhiéu khac biét.
Viéc tu diéu chinh tdc d6 hoc trong ham téi uu nay sé gitp mé hinh cua ta dé dang
su dung hon. Ham muc tiéu duwoc sur dung trong nghién ctru nay la cross-entropy-loss.

Dé cho md hinh ¢d thé hoc tot ta s& tién hanh sir dung cac phuong phap ting

cudng dit lidu qua céc tham sb 1a random_rotate, random_flip, random_crop.
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Hinh 3.1. Mgt s6 phwong phap ting cwong dir liéu

Trong d6 random_crop 1a cat ngau nhién mot phan caa birc anh gitip md hinh
tranh duoc viéc hoc quéa khép. Tham sé random_flip 13 14t anh. Buc anh s& duoc lat
ngau nhién sang trai va phai. Tham sb random_rotate s& ting cudng dir liéu anh duoc
xoay tir anh goc vai thiét 1ap 1a mot goc 10 do sang trai va phai. Mot mé hinh trich
chon dic trung t6t khi dit liéu du 16n va da dang dé viéc hoc han ché roi vao tinh trang
qua khop. Cac phuong phap tang cuong dir liéu trén s€ duoc ap dung trén hai bo dir
licu faces94 va CASIA-WebFace trong quéa trinh huan luyén.

Quaé trinh huan luyén s& duoc ap dung trén mot sb kién tric mang véi tap dix
lieu faces94 dé danh gia vé hiéu qua trudc khi huan luyén that trén bo dit liéu chinh
la CASIA-WebFace. Cac bo dit liéu lan luot duge dua qua mé hinh mtenn dé xéac
dinh vi tri khudn mit truéc khi dua vao huan luyén. Kién trac duoc 4p dung dé huan
luyén vai faces94 la Inception-Resnet nguyén ban va Inception-Resnet sau khi duoc
cat bo hai tang Inception-C. Dit liéu faces94 s& dugc tach 1am hai phan huan luyén
va kiém ther véi ti 16 7:3. Thoi gian huan luyén cho mét lan duyét(epoch) khoang 15
phat véi dir lidu faces94 da duoc ting va sau khoang 35 epoch thi hai mang déu hoi
tu va d6 chinh xac khong con ting va 16i khong giam khi tiép tuc huan luyén. Két qua
danh gia trén tap test cho thay vai mang Inception-Resnet nguyén ban thi do chinh

xé&c 12 99.87% va mang Inception-Resnet sau khi dugc cat bo hai ting Inception-C 12
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97.68%. Thur nghiém trén cho thay két mang Inception-Resnet nguy@n ban hiéu qua
hon. Ta thdy mang khong dii d6 sau nhu mang Inception-Resnet sau khi duoc diéu
chinh ¢ trén kha nang hoc sé bi kém di r6 rét va do chinh xac chi c6 97,68% trén mot
tap dix liéu nho, don gian thi s& rat kho dé huan luyén ra duoc mot md hinh tét véi bo
dit liéu I6n. Tir danh gia trén, kién tric mang Inception-Resnet nguyén ban s& duoc
st dung dé huan luyén md hinh trich chon dic trung nay. Dit liéu duoc st dung cho
viéc huan luyén nay 1a CASIA-WebFace. Pay 1a mot tap dit lieu vé khudn mat rat
l6n dugc thu thap tir hoc vién khoa hoc Trung Québc. Bé c6 mot md hinh trich chon
dic trung that tét thi s6 luong dit liéu vé khudn mat phai du Ion, du d6 da dang veé
hinh dang, kich thudc ciing nhu mau sac. Thoi gian dién ra khoang 350 gio véi 90
lan duyét. Sau khi di c6 dugc mé hinh trich chon dic trung tiy vao tirng bai toan ta
s& tién hanh trich chon dic trung cua cac nhan dau vao dé mé hinh phan loai bang
thuat toan random forest hoc cac dac tinh do.
3.3 Thir nghiém chay hé thong nhan dién khudn mat nhan dién khach hang
VIP caa khéch san

May chu dugc sir dung cho viéc thuc nghiém sir dung vi xu ly Intel Core i5-
8400 véi xung nhip co ban l1a 2.8GHz. Dung luong bd nhé trong la 16 GB va bo xur
Iy @b hoa duogc st dung 1a GTX 1070 Ti 8G GDDRS. Hé théng nhan dién khéach hang
VIP s& dugc phat trién trén nén tang Ubuntu va ngdn ngit lap trinh dugc sir dung la
python version 3.6 cling véi cac bo thu vién nhu opencv, keras, tensorflow dé phuc
vu cho bai toan xu ly anh.

M6 hinh thir nghiém dwoc huan luyén vai tap dix liéu khoang 200 khach hang,
mdi vi khach c6 khoang 10-30 anh khudn mit trong co sé dit liéu. Trong quéa trinh
phan loai em di chon ra duoc ngudng 1a 40% dé xac dinh khuén mait. Ngudng nay
sir dung duoc sir dung dé tranh viéc xac suat khudn mat tra ra qué thap gay ra viéc
nhan nham théng tin. Sau khi thiét 1ap dia chi ludng phat video tryc tiép thi ta c6 thé

khoi dong hé thong. Sau day 1a mot sb hinh anh hé théng hoat dong :



54

7 Luan Van Nhan Dien Khuon Mat - m} X

Hinh 3.2. Hé thong nhan di¢n khuén binh thwong
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Hinh 3.3. Hé théng nhan dién khudn mit c6 deo kinh

Véi mdi khach hang c6 trong danh séch sau khi xuat hién s& duoc luu lai 10
gidy dé d& dang quan sat. Hé théng c6 thé nhan dién khudn mat mot cach binh thudng
ca khi ngudi d6 dang deo kinh. Tir d6 c6 thé thiy mé hinh trich rat dic trung va mo
hinh phan loai dang hoat dng rat tét trong thuc té. Hé thong nhan dién khach hang
mdi gidy cd thé xu ly 5 khung hinh véi d6 phan giai fullhd.
3.4 Panh gia

Pé danh phan loai ta s& thuc hién lay vecto dic trung tir md hinh trich chon

dic trung va dua vao randomforest dé huan luyén. Thiét Iap trong random forest cua
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em hién tai dang 13 100 cdy. Cac tap dit liéu duoc sir dung dé danh gia trong ludn vin
nay la Faces94 [14], Faces95[15], Faces96[16], Grimace[17]. Tap dir liéu s& dugc
ding 75% cho viéc huin luyén va 25% con lai cho viéc kiém thir md hinh phan loai.
Sau d6 ta s& so sanh két qua caa mé hinh vira dugc huan luyén vai két qua caa mot
s6 phuong phap dwogc st dung tron nghién ciu [18] [19] nhu 14 LDA, PCA, LBP,
SVM based on LDA va MLP két hop véi PCA va DCT.

Bang 2.1. Bang danh gia do chinh xac giira cac mo hinh

Faces94 | Faces95 | Faces96 | Grimace
dataset | dataset | dataset dataset
Inception Resnet V1+ Random | 99.1% 99.5% 98.2% 99.95
forest
Multilayer perceptron + PCA +| 100% - - 100%
DCT
SVM based on LDA (RBF kernel) | 97.4% - 95.1% 100 %
LBP 85.93% | 80.47% 84.145 86.45%
PCA 72.1% | 69.87% | 70.95% 74.79%
LDA 79.39% | 76.61% | 78.34% 81.93%

Su két hop gitra hai m6 hinh Inception Resnet V1 va Random forest da cho lai
két qua kha cao véi cac tap dit liéu trén. Sy khac biét 10n nhét gitra cac phuwong phap
1a viéc trich chon dic trung. Mang Inception Resnet V1 ¢6 thé hoc dugc cac dic trung
trén khudn mit t6t hon han so voi cac phuong phap hoc may truyén thong. Kién trac
mang tich chap nay c6 kha nang hoc dic trung cuc ki tot vi nd van c6 thé trich rit cac
dic trung chinh ciia khuon mit trong cac truong hop thiéu sang, khuén mit khong
day da hay nhu nguoi dang deo kinh.

Dua trén két qua ta c6 thé thiay phuong phap hoc may nhu SVM ciing dem lai
két qua kha an tuong nhung két qua cao nhat lai 1 Inception Resnet V1 + Random
forest vda MLP + PCA + DCT. Chung ta s& danh gia chi tiét vé wu nhugc diém cia
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hai phwong phap nay. Dua vao két qua trén ta co thé thay viéc két hop cua nhiéu
phuong phap MLP, PCA va DCT dem dén hiéu qua kha t6t véi mic d6 chinh xac

ludn hon Inception Resnet V1 va Random forest tir 0.1-1%.

Image Acquisition
Face94 and Gnmace

%

Image Compression
1 DCT

U
Feature Extraction and Dimension Reduction
PCA

Y

‘Training and Testing

BPNN

e

| Face Recognition Result

Hinh 3.4. Ludng xir ly cia hé théng sir dung phwong phap PCA va DCT

Dénh gia qua vé mo hinh trén ta c6 thé thdy ca hai phuong phap nay déu két
hop gitta hoc may va hoc sau. Trong hai thiét ké, mot thiét ké s dung hoc may dé
trich chon dic trung va dung phuong phap hoc sau dé phan loai, mot thiét ké st dung
hoc siu dé trich chon dic trung va ding phuong phap hoc may dé phén loai. Ca hai
thiét ké du dem lai két qua nhan dién t6t nhung trong thiét ké sir dung MLP, PCA,
DCT thi ta cd thé thay thiét ké rat phtc tap va mé hinh phan loai dang duoc sir dung
la mot mang lan truyén nguoc 16n. Thoi gian téi thiéu dé nhan dién mot khubn mit
roi vao khoang 20 gidy. D6 1a mot khoang thoi gian qué 16n vi phuong phap nay st
dung qué nhiéu ky thuat.
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Result

Hinh 3.5. Ludng xir ly cia hé théng Inception Resnet va Random forest

Con lai véi Inception Resnet V1 két hop v6i Random forest cho ta do chinh
xac thap hon khoang 1% so v&i phuong phép trén nhung thoi gian dé nhan dién khuon
mit chi roi vao khoang 0.2 gidy. Tir d6 ta thiy phwong phap st dung mang Inception
Resnet V1 két hop v6i Random forest dé dang trién khai thuc té hon du d6 chinh xac
tir phuong phap nay dem lai thip hon PCA két hop v6i DCT mét chut.

3.5 Két luan

Chuong nay trinh bay vé qua trinh huan luyén, kiém thir, danh gia chat luong
ctia md hinh trich chon dic trung inception resnet va thir nghiém chay hé thong nhan
dién khach hang VIP tai khach san. Két qua caa hé thong kha tét vai thoi gian xir ly
khoang 0.2 gidy mét khung hinh cung véi kha nang nhan dién dugc khuén mat tir
nhiéu goc do, sic thai, diéu kién khac nhau, diéu ma cac mé hinh hoc may truyén

thong chua xu ly tét,
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KET LUAN

Bai toan nhan dién khudn mit khong con 1a mot van dé méi nhung nhan dién
khubn mat dua trén cac mang hoc siu dang rat dugc quan tam.

Trén co sé tim hiéu va nghién ciru cac phuong phap nhan dién khudn mit ap
dung vao hé théng nhan dién khudn mit qua camera, luan van di dat duoc nhirng két
qua sau. D6 1a tim hiéu, thuc nghiém cac mé hinh mang hoc sau, hoc may nhu no-
ron tich chap va rirng ngau nhién dé xir ly bai toan nhan dién. Phan tich két qua thu
duoc va tim ra md hinh mang hoc sau thich hop cho bai toan nhan dién khuén mat.
Xay dung thanh cong hé théng nhan dién khudn mat qua camera c6 chirc nang phat
hién khudn mat truc tiép qua video.

Hé thdng sau khi dugc phét trién cho thay rang viéc md hinh mang trich chon
dic trung dang dem t&i két qua rat 13 tét tuy nhién ciing xuét hién mot sé mat han
ché. P6 1a mo hinh phan loai nay khéng phi hop vai tap dit liéu quéa I6n. Biéu nay
khong phai la do két qua phan loai kém ma do thoi gian huan luyén lai mé hinh phan
loai kha lau.

Qua nhitng két qua va han ché caa tng dung da cho thay viéc xay dung hé
théng nhan dién khuén mat con doi hoi phai thuc hién, nghién ciu va ap dung thém
nhiéu phuong phap méi. Vé huéng phap trién tuwong lai, luan van s& dugc dé xuat
nghién ciru them mot sb huéng méi. Hudng thir nhat d6 1a tién hanh nghién ciu, ap
dung va danh gia cdc mo hinh phan loai méi khi ap dung vao bai toan thay rirng ngau
nhién nhu 1a Sparse Representation-based classification, Support Vector Machine,
Linear Classifier. Huéng tiép theo 1a nghién cttu mot s6 phuong phép st dung khoang
cach khi huan luyén véi triplet loss. Phuong phap nay sé& can dung luong bo nha 16n
nhung khong can huan luyén va sir dung mé hinh phan loai.

Do thoi gian thyuc hién luan vin khong nhiéu nén chac chin luan vin khong
thé tranh khoi nhitng han ché va thiéu sét. Em rat mong nhan duoc cac y kién dong

gop.
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