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LOT CAM DOAN
T6i xin cam doan déy 1a cong trinh nghién ciru va tim hiéu cua riéng toi.
Céc sd liéu, két qua néu trong lun vin 1a trung thyc va chua timg duoc ai cong bd trong
bét ¢t cong trinh nao khéc.

Tac gia luan van

Pham Thanh Hung



LOI CAM ON

Pé co thé hoan thanh dugc luan vin ndy, em xin gui 101 cam on sdu sic t6i thay Tir
Minh Phuong, ngudi da truc tiép hudng dan, tin tinh chi bao va dua ra cho em nhiing 101
khuyén cho em trong sudt qua trinh nghién ctru va thyc hién luan van. Khong nhiing thé,
trong cudc song, thiy ciing duoc giup d& em rat nhidu dé c6 thé tiép tuc vuot qua nhiing
giai doan khé khin trong cudc sdng.

Em ciing xin giri 161 cam on chan thanh cam on tat ca cac thay co gido ciia Hoc vién
Cong nghé Buu chinh Vién théng d3 giang day va diu dit em trong sudt qua trinh hoc tap
tai truong.

Cudi cung, em xin gt 101 cam on t&i gia dinh, ban bé va nhitng ngudi da ludn & bén co
vii tinh than, tao diéu kién thuan 1gi cho em dé em c6 thé hoc tap tot va hoan thién luan
van.

Du d cd gang hét strc trong qua trinh 1am luan vin nhung ciing khong thé tranh khoi
nhitng sai sét, em mong nhan duoc sy thong cam va dong gop ¥ kién cta cac thay co dé
luan van c6 thé duge hoan thién tot hon nira!

Em xin chan thanh cam on!
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MO DAU

Ngay nay, cic tmg dung cta tri tué nhan tao ngdy cang tré 1én phd bién, mot trong
cac tmg dung d6 13 nhan dién khuén mit. Tuy nhién, su phat trién cta cac tng dung nay
cling kéo theo mot van dé do6 1a phat hién gia mao khudn mat. Thuat ngir ‘gia mao khudn
mat’ ¢ day nham noi dén viéc xay dung cac khudén mat gia mao cua mot nguoi that bﬁng
nhiéu cich khac nhau nhu ldy anh chup ciia nguoi d6 in ra gidy hay quay lai duoc mot
video c6 khudén mit cia ho. Tat ca cac hanh dong trén nham dénh lira hé thong nhan dién
khudén mat rﬁng nan nhan dang c6 mat tai thoi diém xac thuc khuon mat, tr d6 dat duge
cac muc dich x4u nhu vuot qua cac bién phap bao mat nham dénh cép tién hay danh cap
thong tin ca nhan v.v. That vay, trong nhiing nim gan day, xu hudng 4.0 trd thanh moi
quan tdm lon cua toan xa hoi khi sy phat trién vuot bac va nhanh chong cua nganh cong
nghé thong tin n6i chung va tri tu¢ nhan tao noi riéng da mang lai nhirng tién 1gi v cung
to 16n cho con nguoi. Cu thé v4i bai toan nhan dang khuon mat, thuat toan nay co dau vao
1a mo§t hinh anh c6 chira khuén mat cua mot nguoi nao do, thuét toan sé dua ra thong tin
nguoi do 1a ai dua trén mot tap co so dit liéu khuon mat da dugc thu thap tur trude. Voi kha
nang nhu vay, nhan dién khudén mat da duoc 4p dung vao nhiéu linh vuc nhu an ninh tai
san bay, vi muyc tiéu phat hién cac phan tir khing bd, ting sy an toan cho nganh hang
khong. Trong moi truong doanh nghiép, nhan dién khuén mat duoc st dung dé kiém soat
ra vao, chim cong tu dong, bao mat may tinh. Hay trong linh vuc ngan hang, d6 1a eKYC.
Xac thuc nguoi dung khi dang ky str dung cac dich vu ctia ngan hang dya vao hinh anh ma
ngudi dung chup tryc tiép tir dién thoai khi ding ky. Nhu viy, cac hé thdng nhan dién
khudén mat nay dong vai tro vo cung quan trong trong cac nghi¢p vu da duogc liét ké phia
trén. Bo1 khi cac hé théng nay bi vuot qua thi s€ dé lai nhiing thiét hai v6 cung 16n cho
ngudi dung va cac doanh nghiép khi thong tin ctia ho c6 thé bi truy cap trai phép bai ké
xau. Chinh vi vay viéc phat trién cac giai phap nham chdng gia mao khudn mit trong cac
hé thong nhén dién 12 v6 cling quan trong. Thém vao d6, sy thanh cong dang kinh ngac ciia
mang no-ron tich chap (convolution neural network - CNN) trong cudc thi ImageNet [59]

da thu hut rat nhiéu sy cha y ciia cic nha nghién ctru trong mang thi giac may tinh nham



khai thac cac kha ning tiém an ctia phuong phap hoc sau. Sy cai tién ngdy cang ting cta
mang CNN n6i chung vé phén loai hinh anh va phat hién ddi twong di mé ra cac nhanh va
mg dung tiém ning ctia CNN trong linh vuc chéng gia mao khudn mit. Véi cac 1y do trén,
em di chon dé tai luan van 13 “Phat hién gid mao khuén mat str dung mang hoc sau”.
No6i dung luan van duoc chia thanh 3 chuong nhu sau:
-  CHUONG 1: Bai toan phat hién gia mao khuén mit: Giéi thiéu bai toan ma luin
van nghién ctru va cac nghién ctru lién quan da co.
- CHUONG 2: Ung dung mang hoc sau vao bai toan phat hién gia mao khuén
mit: Pua ra mot s6 1y thuyét vé mang hoc sau, y tudng cila viéc dua dic trung
LBP vao mang tich chap, cach tao anh chiéu sau khudn mat tur mang hoc sau,
gidi thiéu mang resnet-34, cach két hop cac ky thuat trén. Bén canh d6, chuong
nay sé néu ra van dé thich img mién va y tuong str dung GAN dé han ché van dé
nay.
- CHUONG 3: Thir nghiém va danh gia: Trinh bay vé tap dit liéu, cac do do, cac

thir nghiém, dua ra cac két qua va rat ra két luan.



CHUONG 1: BAI TOAN PHAT HIEN GIA MAO KHUON MAT

Chwong nay sé trinh bay dinh nghia cua bai toan phat hién gia mao khuon mat cung
V6i cdc nghién civu lién quan téi bai todn ndy. Cu thé, chwong 1 sé gidi thiéu cdc phwong
phap dwa trén dac trung texture, cac phwong phap dva trén twong tac giita nguoi va may,
cdc thong tin vé sw song, chdt lirong va chiéu sdu cia hinh anh ciing dwoc dé cdp. Cudi
cung la cac phuwong phap dua trén hoc sdu.

1.1. Gi6i thi¢u bai toan phat hién gia mao khuon mat
Phat hién gid mao khudén mat 1a nhiém vu phat hién hanh vi xac minh khuén mat
b'?lng cach su dung anh, video, mat na hodac mot vat thay thé khac cho khudén mat ctia mot

nguoi.

Hinh 1-1: Cac phwong thirc gia mao khuén mat

Duéi day 1a mot s6 hinh thire gia mao khudn mit hay duoc st dung nhit:

e (Giamao bﬁng hinh thirc in: K& tan cong st dung mot birc anh cta nan nhan, sau
d6 in ra hodc hién thi trén mot thiét bi dién tir. Pay 14 hinh thirc gia mao phd bién
nhat do hau hét anh chup cta cac ca nhan déu sin co trén mang va co thé ldy di

ma khong can sy cho phép ctia chii nhan bure anh do.



e Gia mao bang anh duc 15 & mat: Ving mat ciia bire anh in s& dugc duc 16 dé gia
mao thém dugc hanh vi chdp mét cua mot nguoi.

e Gia mao bdi anh lam cong: Ké tin cong s& udn anh véi nhiéu huéng khac nhau
dé gia mao biéu cam cua khuén mit.

e Gia mao bang video: O hinh thirc nay, ké tin cong da ldy dugc mot video quay
lai khuoén mit cta nan nhan. Cach nay khién cho hanh vi va chuyén dong cia
khudn mat gia mao trong tu nhién hon khi c6 thé c6 déy du diu hiéu cua su séng
nhu chép mit, nét mit, chuyén dong & dau va miéng, cudi cung 1a phuong thic
nay dé dang dugc thuc hién bang may tinh bang va dién thoai thong minh c&
16n.

e (14 mao béng mit na 3D: Mot chiéc mit na 3D s& duoc su dung lam cong cu
gid mao ¢ hinh thirc nay. Tham chi gia mao béng mat na 3D con tinh vi hon ca
viéc st dung video khi ¢6 hinh chuyén dong ¢ khuon mat rat ty nhién va co thé

vuot qua dugce cac thiét bi dac biét nhu cam bién chi€u sau.

1.2. Cac nghién ciru lién quan
1.2.1. Cac phwong phap dua trén dac trung texture ciia anh

Trong qua trinh thu nhan anh, hinh anh bi méat mat di mot sd thong tin, cung véi do
c6 mdt s6 nhidu xuat hién kém theo qua trinh d6. Bén canh do, hinh anh duoc thu nhan qua
hai 1an cling s& co su khac bi¢t vé mit két cAu (texture) nhét dinh so v&i anh duge thu nhan
true tiép. Su khac biét nho nay xuat hién bai cac yéu td chi yéu nhu diém sang cuc b, su
thay d6i bong va murc d6 nhoe mo cua hinh anh [4]. Cac 1y do nay sé& 1a yéu t6 chi dao dé
cac phuong phap dua trén két ciu phan biét anh that va anh gia.

Mot s6 phuong phap thue hién chuyén d6i anh thu thap duoc sang dang xam va trich
chon cac thong tin vé két cAu trén cac anh xam nay cho bai toan phan loai anh mat that va
anh gia. Cac phuong phap nay bo qua thong tin vé két cAu mau cua hinh anh. Maatta va
cong su [5] da sir dung nhiéu toan tir LBP dong nhit véi nhiéu ty 16 khac nhau dé trich xuét

histogram déc trung vé két cau tur cac vung dia phuong cua anh xam va anh toan cuc. Sau



d6, ho két ndi ching lai dé tao thanh mét biéu dd dac trung co 531 chiéu va dua qua bd
phan loai SVM véi RBF 1a 161 cho qua trinh huén luyén va kiém thu phan loai mat that va
mat gid mao. Cac thuat toan phan tich két cAu dya trén ban do6 ty 1€ xam té ra hi€u qua voéi
cac anh khudén mat gia mao c6 két cdu rd rang va c6 do phan giai cao. Tuy nhién, ddi véi
cac hinh anh gia mao c6 d6 phan giai thip thi viéc phan biét duoc tré 1én kho hon. Trong
khi d6, Boulkenaf va cong su [1] dé xuat mot phuong phap phét hién anh gia mao dua trén
phan tich cdu trac mau. Cu thé, Ho trich xuit cac biéu dd histograms LBP tir mdi kénh
mau, sau d6 két ndi ching lai dé tao thanh mot dic trung mo ta cudi cung. Tién trinh d3c
biét nay dugc mo ta qua hinh 1-2. Pé phén tich khong gian mau nao gitip dé phan biét mat
that va mdt gia mao hon, phuong phap nay thi nghiém ba khong gian mau RGB, YCbCr
va HSV. Céc thi nghiém cho thiy rang phuong phap dya trén két cidu mau sic vuot troi
hon so v6i phuong phap dya trén két cau mau xam trong viéc phat hién cac cach thirc gia
mao khac nhau. Boulkenaf va cong su. [1] cling tap trung vao cac kénh do choéi va sic do,
dong thoi két hop cac dic trung LBP nhiéu cap cua khudn mat nguoi trong khong gian
HSV vdi cac dic trung LPQ cua khudn mit ngudi trong khong gian YCbCr bang cach st
dung théng tin chung vé mau sic va két cau. Mic du da dat dugc két qua tét trong thir
nghiém, nhung cac bo mo ta két cdu vi mé & mirc thap khién chung nhay cam véi sy thay
ddi anh sang va hinh anh chét luong cao. Dé cai thién kha nang phan biét hon nira,
Boulkenaf va cong su [6] voi cac dic tinh 6n dinh dugc ting toc (speed-up robust features,
SURF) dé d6i miat véi viée phat hién gia mao. So véi cac phuong phap trude dy, phuong

phap nay cho thay 6n dinh va hiéu qua tt hon.
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Hinh 1-2: Cac phwong phap dwa trén phan tich ciu trdc mau

Céc dic trung dugc trich xut tir cac phuong phap trén dua trén cac dic trung cia
két cau déu & muc thap, didu nay chac chin sé anh huong dén d6 manh mé va kha ning
khai quat cia mo hinh. Vi cac dic trung cip thap thudng ton tai trong khong gian nhiéu
chiéu va dé& bi nhiéu, chung khong c¢6 1g1 cho viéc phan loai truc tiép [7]. Dé cai thién kha
ning biéu dién hinh anh, hiéu qua nhan dang va kha ning tong quat cia thuat toan, dong
thoi hy vong rang cac dic trung trong cting mot 16p sé gidng nhau hon, trong khi cac dic
trung gitta cac 16p khac nhau thi khac bi¢t hon. Vi vay, muyc ti€u s€ la can biéu dién cac
dic trung cap thip tdi cac dic trung cip cao khac biét hon thong qua mot sé thuat todn ma
hoa. Cac dic trung cip cao co thé biéu dién tot hon thong tin cua toan anh va giap phan
loai dé dang hon.

Peixoto va cOng su. [8] dau tién str dung bd loc DoG dé thu duoc thong tin dai tan
trung binh trong hinh anh, sau d6 trich xuét cac dac trung chinh théng qua bién do6i Fourier,
va cudi cing phan loai thong tin dic trung dugc trich xuat va xir Iy thong qua bd phan loai
hoi quy logistic, dé dat duge muc tiéu hinh anh cAn nhan dang 1a khuén mat that hay khuén
mat gia mao. Zhang va cong su. [9] da dé xuét mot so d6 phat hién gia mao khudén mat dya
trén dic trung Markov két cau mau (Colour Texture Markov feature - CTMF) va may
vector hd tro loai bo tinh ning dé quy (SVM-RFE). T4c gia da phan tich sy khac biét giita

cac pixel lién ké ctia khudn mat that va khudn mat gid mao, d@)ng thoi xem xét déy da thong



tin két cau gifra cac kénh mau. DAu tién, su khac biét vé két cAu ciia khudn mat that va mit
gia duoc ghi lai bang b loc vi phan c6 huéng (directional differential filter), c6 thé duoc
coi 1a cac dic trung cap thap cia CTMF. Sau d6, tién trinh Markov dugc sir dung dé mo
hinh hoa sy khac biét vé& két cAu khudén mat dé tao thanh biéu dién cép cao cho cac dac
trung cap thap. Cudi cung, SVM-RFE duoc st dung dé 1am cho dat duoc kha ning phat
hién trong thot gian thuc.

Nhin chung, phuong phap dwa trén phan tich két ciu cta hinh anh c6 nhiéu wu diém
nhu chi phi thép, thuat toan don gian va dé thuc hién. Tuy nhién, voi su phé bién cua may
anh do nét cao va viéc ung dung mat na 3D chat luong cao, viéc st dung thong tin két cau
khong con dap tmg dugc nhu cau nita, do 46, thong tin két cdu thuong can duoc tich hop
véi cac thdng tin khéc.

1.2.2. Phwong phap dua trén twong tic ngwdi va may

Con nguoi co thé thuc hién céc cur dong hodc tao ra am thanh theo yéu cau, chfmg
han nhu gat dau, chdp mét, mé miéng, mim cuoi, 1¢ ludi, doc mot doan van ban, trong khi
st dung mdt khuon mat gid mao thi nhitng diéu trén sé& khoé thyc hién. Dua trén quan sat
nay, mot phwong phap phat hién gia mao khuén mat nguoi qua tuong tac da duoc dé xuat.

Phuong phap phét hién gia mao khuén mit qua twong tac ban dau dugc thiét ké dé
cd dinh, cho phép viéc video chuyén dong duoc ghi sin co thé vuot qua loai thuat toan phat
hién gia mao khuon mit nay mot cach dé dang. Dé giai quyét van dé nay, tinh ning phat
hién twong tac giita nguoi va mdy tinh dua trén cac hudng dan chuyén dong ngau nhién ra
doi. Tinh ngiu nhién ctia hudéng dan chuyén dong khién ké tan cong kho quay video trude
dé tin cong thuat toan phat hién gia mao khuon mit, diéu nay gitp cai thién dang ké hiéu
sudt phat hién cua thuat toan.

Wang va cong su. [10] d3 tién hanh nhan dang ngdn ngit mdi bang cach phat hién
pham vi thay d6i trong viing miéng cua khudn mat, dugc bo sung bang nhan dang giong
no6i dé thu duoc thong tin giong nédi vé phan Gng cia ngudi dung dé cung danh gia xem
ngudi ding cé doc cac cau duge dua ra ngdu nhién theo yéu cau hay khong. Singh va cong
su. [11] st dung ctr dong chép mit va miéng dé dua ra cac phan doan sy séng. Dién tich

cuia mat cung mau sac, do bao hoa, gia tri cia rang dugc tinh toan dé xac dinh xem mat cé



mo va ring c¢6 ho hay khong. Cac d6i twong hanh dong theo cum tir goi ¥ do hé thdng tao
ngau nhién va hoan thanh cac hanh dong dé ching minh rang d6 1a khuon mat that. Ng va
cong sy [12] da thiét ké mot hé théng twong tac may tinh voi con nguoi dé hudng dan
ngudi dung hoan thanh cac biéu cam ngau nhién trén khudn mit. Bang cach tinh toan SIFT
ctia nhiéu khung hinh anh, ngudi ding c6 thé duoc danh gia liéu cac biéu cam khudn mit
duoc chi dinh da hoan thanh hay chua va li¢u chung c6 phai 1a khuon mat that hay khong.

Phuong phap dua trén tuong tac giita ngudi va may tinh c6 thé 1am giam su anh
huong khi thay doi cac phwong thire gia mao mot cach hiéu qua, hay noi cach khac phuwong
phap nay kha tong quat qua viéc thuc hién thuit toan thong qua cac hanh dong twong tac
duoc thiét ké can than. Do do, nd ¢ ty 1€ nhan dang cao va tinh linh hoat tot. Hién nay, no
duoc str dung rong rii trong cac tinh hudng kinh doanh thuc té nhu an ninh cong cong, diéu
tri y té va tai chinh. Tuy nhién, phuong phap phat hién gia mao khuoén mat dua trén twong
tac gitra con nguoi va may tinh can phai nhan biét liéu nguoi dung c6 hoan thanh hanh
dong tir nhiéu hinh anh lién tiép hay khong va yéu cau kha ning tinh toan 16n va thoi gian
dua ra két luan 1au hon so v&i thuét toan dua trén chi mot hinh anh don 1é. Hon nita, né doi
hoi sy hop tac cao cua chu thé, quy trinh phat hién rudm ra va trai nghiém nguoi ding chua

tdt nén vi pham tinh tién 1¢1 va logi thé tu nhién ctia cong ngh¢ nhan dang khuén mat.

1.2.3. Cac phwong phap dua trén thong tin sw sng

Mot su khac biét 10 rang gitta khuén mat that va khuén mat gia mao la khuén mat
that c6 cac dic diém quan trong nhu nhip tim, luu lvong mau va chuyén dong vi mé cua
co mat khong tu chu va hau hét cac loai khudn mat gia rat khé bat chude cac dic diém
song d6. Phuong phap dya trén thong tin su song chu yéu sir dung su khac biét trong cac
dic diém quan trong ndy dé phan biét giita khudn mit that va khudén mit gia mao.
1.2.3.1. Phan tich optical flow cua khuon mat

Khai niém optical flow duoc Gibson dé xuit lan dau tién vao nim 1950. Khi mat
nguoi quan sat vat thé chuyén dong, canh vat do tao thanh mot chudi hinh anh thay ddi lién
tuc trén vong mac cta mat ngudi. Chudi thong tin thay doi lién tuc nay lién tuc "chay" qua

vong mac (tirc 12 mit phiang hinh anh), gibng nhu mot loai "ludng" 4nh sang, nén duoc goi



12 optical flow. Khi mot dbi tuong dang chuyén dong, hinh dang anh sang cua diém twong
{rmg trén anh ciing chuyén dong, ching ta c6 thé st dung optical flow dé mé ta chuyén dong
ciia do sang anh, nhu trong hinh 1-3. C6 sy khac biét trong cac dang chuyén dong cua
khuon mat 3D va khuon mat 2D. Khi khuoén mat quay va lac, khudén mat that tao ra céc
ludng anh sang khac nhau do cac chuyén dong cua khuon mit khong nhat quan. Tuy nhién,
cac chuyén dong ctia khudn mit gia sir dung anh vé co ban 1a giéng nhau, va ludng anh
sang kha khac so véi khuén mat that. Dya trén nhitng khac biét nay, thong tin optical flow
c6 thé dugc st dung dé dwa ra phan doan vé mit that va mat gia. Smiatacz va cong su. [13]
da tinh toan céc gia tri luu lugng quang hoc duogc tao ra boi khuén mat khi quay, sau do
huén luyén va phan loai cac gia tri luu luong quang nay bang SVM. Bao et al. [14] di st
dung duong luu lugng quang hoc (Optical Flow Line - OFL) dé tinh toan su khac biét
khong gian-thoi gian cua hinh anh khudn mat nguoi tir hai chiéu ngang va doc, dong thoi
téng hop thong tin chuyén dong ctia khudn mit nguoi dé phat hién khuén mat gia mao st
dung anh va video. Phuong phap nay twong d6i don gian, nhung nhay cam véi anh sang
va c6 hiéu qua phat hién kém dbi voi gia mao bang video va gia mao bang mit na 3D. Bai
vi phuong phap luu lugng quang hoc tuan theo hai gia thiét: (1) Po sang khong doi; (2)
Nhitng chuyén dong nho kho dap tng duoc trong kich ban doi thuce, vi vy chung ciing ¢6

tac dong nhat dinh dén hiéu qua phat hién.

CCDF *‘ 3D motion vector

2D optical

flow vector |

u = u,v)
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Hinh 1-3: Phwong phap optical flow
1.2.3.2. Phén tich phat hién nhip tim

Chup cét 16p nhan tao (PPG) 12 mot phuong phap phat hién nhip tim cua co thé
ngudi bang k¥ thuat chup cat 16p nhan tao. Cach kiém tra thuong can tiép xuc truc tiép. Do
nhip tim khéng can tiép xtc sir dung mot may anh, thuong duoc goi la chup cit 16p vi tinh
tir xa (Remote Photoplethysmography - rPPG). Khuon mit that c6 nhiéu mao mach, va
nhip dép cua tim s& ddn dén nhitng thay d6i vé luu luong mau va van tdc trong mach mau,
trong khi nhitng thay d6i vé luu luong méu s& anh huong dén sy hap thu va phan xa anh
sang trén khudén mit. Cudi ciing, nhitng thay d6i nhu vy trong mau sé din dén sy thay doi
mau sic cua khudn mat. Sy thay doi nhip tim c6 thé thu duoc bﬁng cach trich xuat su thay
d6i mau sic cua vung mao mach ddi dao trén khuon mat. Khudén mit that va khudn mat gia
¢6 su phan bd nhip tim khac nhau trong mién tan s6, bang cach sir dung diéu nay, chiing ta
6 thé phan biét dugc khuon mat la that hay gia.

Li va cong sy. [2] 1a nhitng ngudi dau tién ap dung rPPG dé phat hién in vivo. Pau
vao la cac khung hinh video, budc dau tién 1a trich xuét cac dac trung cua nhip tim. Néu
két qua phan biét 1a co thé sdng, thi cac dic trung vé két cAu va mau sac ding LBP s& dugc
trich xuat thém dé phan biét co thé séng hay gia mao bang man hinh dién tir. Boi sy phan
bd nhip tim cta khuén mit ngudi trong video trén man hinh twong ty nhu nhip tim cua co
thé séng. Quy trinh cu thé dugc trinh bay trong hinh 1-4. Liu et al. [3] tin ring mic du cac
phuong phép dya trén rPPG hién ¢6 da dat duogc két qua tot trong cac b dir liéu khac nhau,
nhung ching cé thé khong du manh khi céac tin hiéu rPPG bi nhiéu. Do d6, ho da dé xuét
mot tinh nang maoi - tinh nang twong Gng rPPG (rPPG correspondence feature - CFrPPG)
dé x4c dinh chinh x4c nhip tim tir cac tin hiéu rPPG nhiéu. Dé khac phyc hién tuong nhidu
toan cuc, mot chién luge hoc 1a dua 4m thanh nhiéu toan cuc vao dic trung CFrPPG dugc
dé xuat. Tinh ning dugc dé xuit khong chi vuot trdi so voi phuong phap gia mao mit na
3D duya trén rPPG, ma con co thé xir 1y véi voi didu kién thyc té c6 anh sang yéu va chuyén
dong ctia may anh.

Loai phuong phéap khai thac nhip tim nay chu yéu duoc st dung dé phat hién mat

na 3D gid mao khuon mét con nguoi. Trong di€u ki¢n dugce chiéu sang lién tuc, doi tuong
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duoc kiém tra bang cach giit nguyén tu thé va biéu cam, phuong phéap nay c6 do chinh xac
cao. Tuy nhién, qua trinh xt Iy ho yéu cau video HD du dai dé trich xuét tin hiéu rPPG du
t6t va tin hiéu rPPG d& bi anh huéng boi anh sang xung quanh va chuyén dong cua d6i
tugng duoc kiém tra. Phuong phap ndy c6 tinh 6n dinh trung binh, do d6, thudng can két

hop céac dac trung va bd phan loai khac dé phat hién dac trung cua khuon mat giad mao.

real access

Model 1 Model 2
. . Ibp-ms-color
. feature
trained on

tramed on
msu-photo set N N
msu-video set attack

Hinh 1-4: Céu tric ciia chién lwoc cascadin

1.2.4. Cac phuong phap dua trén chat lugng ciia 4nh

Viéc tao mot khuon mat gia mao ctia mot ngudi can mot sd thiét bi nhat dinh, cho
du d6 1a gidy anh, gidy in, thiét bi dién tu, silica gel, nhya hodc cac phuong tién khac thi
didc tinh chat liéu cua chung khac véi cac dac diém trén khuon mit va da cua khudn mat
séng. Su khac biét vé chét liéu c6 thé din dén su khac biét vé tinh chét phan chiéu, chéng
han nhu gidy anh, man hinh hién thi dién thoai di dong s& c6 mot sd phan xa dic trung
nhung vé co ban thi guong mit that s& khong phan xa gi. Mic du quy trinh tao ra mot
khuon mit gia mao 13 tt dén mAy thi hau hét chat luong hinh anh sau khi chup gian tiép
lan thu 2 khac v6i khudn mat séng, chéng han nhu su phan bd mau sic bi bién dang va
hinh anh khuén mit gia mao bi mo di. Cac phuong phap dua trén chat lugng hinh anh cha
yéu sir dung su khac biét giita tinh chat bién dang va phan xa ctia hinh anh dé phan biét
khuon mat that va gia.

Galbally va cong su. [15] dé xuat danh gia chat lugng hinh dnh bang cach phan tich
25 yéu td quan trong trong cac thudc do chat lwong hinh anh (hinh 1-5). Galbally va cong
su. [16] ciing thiét ké 14 dic trung chung cho tinh ning phat hién gia mao khudén mit dé
rat ra sy khac biét vé chat luong hinh anh. Lay cam htmng tir [15], Wen va cong su. [17] da

dé xut mot thuat toan phat hién gid mao khuoén mat dyua trén phan tich bién dang hinh anh
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(Image distortion analysis - IDA). Pau tién, bon dic trung khac nhau (dic diém phan chiéu,
md, khoanh khic mau va da dang mau) da duogc trich xuét dé tao thanh vecto dic trung
IDA. Sau do6, cac bo phan loai SVM duoc huan luyén cho cac cudc tan cong gia mao khuon
mit khac nhau (ching han nhu gia mao bang anh va gia mao video) tao thanh mét bo phan
loai tich hop dé phan biét khuon mat that va gia. Cudi cing, phwong phap nay duoc ap
dung dé phat hién gia mao khuon mit bang nhiéu khung hinh dwa trén biéu quyét va thu
duoc két qua tdt. Chét luong ctia hinh anh phu thudc nhiéu vao thiét bi chup va diéu kién
ngoai canh. Cac diéu kién bén ngoai nhu thiét bi chup chat lugng thip va anh sang kém
cling co thé khién hinh anh khuén mat nguodi that bi bién dang. Li va cong su. [18] da xem
x€t anh huong cua cac thiét bi chup co chét lugng khac nhau. PAu tién, cac hinh anh dugc
phan nhom theo kich thudc chét lwong hinh anh bang phuong phap phan cum, sau d6 cac
moO hinh phéan loai hinh anh dya trén cac dac diém chat luong hinh anh duoc huén luyén
cho tirng murc chét lugng ctia hinh anh. Pdi v6i hinh anh thir nghiém, trudc tién xac dinh
mitc chat lugng hinh anh ctia hinh anh d6 va sir dung phuong phap hoi quy dé tim mé hinh
duoc huan luyén cho chit lugng hinh anh twong tmg. Sau d6 ding mé hinh nay dé phan

loai khudén mat that hay gia mao.

‘ Image Quality Assessment

—
‘ Measures Implemented

Error Sensitivity
Measures

Natural Scene
Statistics Measures
NIQE

Training Based
Measures

:1[e]]

Structural Similarity Information Theoretic Distortion Specific
Measures: Measures Measures
SSIM VIF,RRED JQI, HLFR

Difference Based
MSE, PSNR, SNR, SC, MD,
AD, NAE, RAMD, LMSE

Correlation Based
NXC, MAS MAMS

Gradient Based
GME,GPE

Spectral Based:
SME,SPE

Edge Based:
TED,TCD

Hinh 1-5: 25 yéu t6 danh gia chét lwong ciia hinh dnh
Phuong phéap dua trén chat luong hinh anh c6 d6 phirc tap tinh toan thip va toc do
phat hién nhanh, c6 loi thé trong viéc phat hién trong thoi gian thyc. Nhung khi chat lugng
hinh anh cao, phuong phap nay d& bi vuot qua. Do d6, phuong phap can khuén mat ngudi

that véi chat luong cao hon va hinh anh khuén mit ngudi gia mao lam dau vao dé trich
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xudt cac dic trung chat luong hinh anh du tét, doi hoi yéu cau cao hon d6i véi thiét bi thu

thap hinh anh cua khuén mat.

1.2.5. Cac phwong phap dua trén théng tin vé chiéu siu

Khudn mit that ¢ ba chiéu, véi thong tin d§ sdu khac nhau & cac vi tri khac nhau
nhu tran, mét va dau mii, trong khi khuén mat anh va khuén mat video 1a hai chiéu va
thong tin do siu cua cac diém khac nhau 1a nhu nhau. Ngay ca khi anh dugc gip lai, nd c6
thong tin 6 sau khac voi khudn mat that, do do, thong tin vé chidu siu co thé dugc st dung
dé chong gia mao khudn mit.

Céc phuong phap phat hién gia mao khudén mit dya trén thong tin chiéu sau thudong
yéu cau bo sung cac thiét bi phﬁn cung. Chat liéu dé tao mot khudn mat gid mao khac véi
vat chét & da, mat, moi va 16ng may cua khudn mat that, va sy khac biét nay gay ra sy khac
biét vé tinh chat phan chiéu. Mic du khudn mit gia mao trong rat giéng vo1 khuon mat that
trong diéu kién anh sang nhin thy, nhung trong quang phd hong ngoai, sy xuat hién cua
da, mat, miii va cac vung khac trén khudén mat that kha khac so voi khudn mat gia mao.
Mot s6 nha nghién ctru da stir dung mo hinh Gabor, HOG va lambert dé trich xuét sy khac
biét phan chiéu gitra khudn mat that va khudén mat gid mao trong hinh anh camera can héng
ngoai dé phat hién gia mao khudén mat [19—21]. Trong ph6 hong ngoai gan, khuén mat gia
mao trong anh va video khé khac v4i khuon mat that, do do, phuong phap nay cé do chinh
xac cao, nhung mat na duogc ché tao tinh xao thi khong khac méy so voi khuon mat séng.
Dé xac dinh cac cudc tan cong béng mat na, Steiner va cong su [22] da su dung tia héng
ngoai séong ngan dé phan biét da mit v6i mit na. Ngoai ra, ching ta ciing c6 thé st dung
hinh anh chiéu sdu do camera chiéu siu (depth camera) chup dé ghi lai thong tin chiéu siu
gilta cac dbi tuong dé phat hién gia mao khuén mit. Wang va cong su. [23] két hop thong
tin chiéu siu ctia may anh Kinect va cac dac diém cAu tric hoc duoc tir mang no-ron phirc
hop dé danh gia khuon mat that va gia, va cling thu duoc két qua tot.

Nhin chung, phuong phap phat hién gid mao khuoén mat dya trén thong tin do sau
c¢6 nhitng vu diém rd rang: thong tin d6 siu ¢ dic tinh bat bién vé do chiéu sang, do d6

kha nang phat hi¢n gia mao khuoén mat la tdt; ban dd do sau khudn mit that co cac dic diém
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duong nét cua khudon mat ba chiéu, va co su khac biét dang ké gifta ban dd do sau cla
khuon mat chup tr &nh va khuén mat quay tur video; khong co6 su tuong tac qua murc cta
ngudi ding, nd ¢ tac dung phat hién tt cac cudc tan cong bang anh va video, nhung viéc
phat hién cudc tan cong bang mit na 3D can duoc nghién ctru thém. Tuy nhién, cic phuong
phap nay can thém phan cimg méi, déng nghia vai viée dau tu thiét bi mai dét tién va ciing
s€ gid1 han pham vi cua thuét toan & mot mure do nao do.

Céc phuong phap duoc dé cap 6 trén déu dya trén cac dic trung nhan tao. Mic du
mot sb trong sb chlng co thé dat duoc ty 1€ nhan dang tdt hon dé phat hién gia mao khuon
mat, nhung van con mot s6 nhuogc diém, vi du nhu hiéu qua phat hién phu thudc vao viéc
trich xuét cac dic trung, nhu cdu dau tu thém phan cing ciing nhu kha ning tong quat va

manh mé cua thuat toan bi gidi han.

1.2.6. Cac phwong phap dua trén hoc sau
1.2.6.1. Hoc chuyén tiép (transfer learning)

Str dung hoc sau dé phat hién khuon mat that hay gia thuong doi hoi mdt lugng 16m
dit liéu dao tao dé co duoc cac dic trung khac biét. Tuy nhién, viéc khong c6 du dir li¢u
cho bai toan phat hién khuén mat va cdc mang no-ron dugc dung trong cac phuong phéap
nay chi bao gdm mot vai 16p nén rat kho dé huan luyén mot bo phan loai mang 16n véi hidu
sudt cao. Khi khong co du dir liéu dé dao tao tir dau, hoc chuyén giao [24] c6 thé tranh
duoc su thich tng qua muc (over-adapting) véi cac mang c6 kién tric 10n va tiét kiém
nhiéu tai nguyén may tinh.

Oeslle va cong su. [25] da xay dung mot mo hinh ¢6 tén FASNet va st dung mang
no-ron tich chap (CNN) dugc huan luyén tir truéc dé phat hién gia mao khuoén mat. Nhu
thé hién trong hinh 1-6, FASNet d3 stra cdu tric mang trude d6 trén co s VGG16 [26] va
sira d6i ba 10p mang cudi cung dé dat duoc kha ning hoc chuyén tiép. Pdi voi CNN, ¢
hai phwong phap dé hoc chuyén tiép. Mot cach don gian 13 st dung mé hinh ngudn lam
trinh trich xudt dic trung san co, sir dung dau ra cta 16p da chon lam dau vao cho mo hinh

dich, day ciing 1a m6 hinh huin luyén cho bai toan méi. Mot cach tiép can phirc tap hon 1a
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dat dugc sy "tinh chinh" (fine-tuning) toan bo hodc mot phr:in cua mo hinh nguén béng cach

huén luyén lai cac trong sb thong qua lan truyén nguoc.

[ [ |
Max Pooling Max Pooling Max Pooling
—
[ . Max Pooling Convolution Convolution Convolution
< > Yax Pooling Convolution Zero Padding Zero Padding Zero Padding (sLi];J[;g?d)
Input Convolution Zero Padding Convolution Convolution Convolutien Dropout
Image Zero Padding - - = - (uense
Convolution Zero Padding Zero Padding Zero Padding (Relu)
Convolution -
Zero Padding Convolution Convolution Convolution Flatten Output
Zero Padding Zero Padding Zero Padding PIUbeiMLY
— T T
Block 1 Block 2 Block 3 Block 4 Block 5 FCN Block

Hinh 1-6: Kién triic ciia FASNet

Tu va cong sy. [27] dd d& xudt mot mod hinh data-driven hyper-depth day du dua
trén viéc hoc chuyén giao. M6 hinh nay sir dung mang ResNet-50 [28] di dugc huan luyén
tir trude dé trich xudt cac dic trung khong gian ctia chudi cac khung trinh, sau d6 truyén
cac dic trung khong gian vao mang no-ron LSTM dé c6 duoc cac dic trung thoi gian,
nhimg dic trung nay c6 thé duoc dung cho két qua phan loai cudi ciing dé danh gia cac
mat that hay gia.

Str dung hoc chuyén giao dé huin luyén khudn mit co thé giai quyét van dé thich
g qua mirc cia mang c6 kién trac 16n do han ché vé tap dir lidu. Khi trich xuat cac dic
trung chinh c6 thé phan biét khuon mit gia mao voi khudn mat that, phuwong phap nay cd
thé giam overfitting, thu dugc hiéu qua phat hién tuyét voi va tiét kiém chi phi tinh toan.
Hién cac nghién ciru vé hoc chuyén giao trong bai toan phat hién gia mao 13 chua nhiéu va

hiéu qua chua dat dugc két qua mong doi, 1y tuéng nhat.

1.2.6.2. Két hop cdc ddc trung

Mot didc trung thi chi nhay cam véi sy thay d6i ctia dic trung tuong img ciia hinh
anh. Khi déc trung gitra khuon mat that va khudén mat gia mao it c6 sy khac biét thi thuat
todn phan loai s€ kh6 phan bi¢t ching dua trén viéc huin luyén dac trung don 1. Béng

cach trich xuit nhiéu dic trung tor hinh anh khuén mat, sy khac bi¢t gitta khuén mat that
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va khuén mat gia mao co6 thé dugc lam no61 bat hon, d0 manh va kha nang tong quat cua

thuat toan co6 thé dugc cai thién va do chinh xac c6 thé dugc cai thién dang keé.

1.2.6.2.1. Théng tin vé kién trac va chiéu sdu

Thong tin vé chiéu sdu cua hinh anh 1 co s¢ quan trong dé danh gia tinh xac thuc
ctia khuon mat. Béi vi khudén mit that 13 ba chiéu, trong khi khuén mat gid mao boi anh va
man hinh 14 phing. Ngay ca khi khuén mit bi bop méo, d6 sau trén khudn mit gia van khac
v6i khuon mat that. Atoum va cong su. [29] lan dau tién 1ay ban d6 chiéu sau khudn mat
lam thong tin chinh dé phan biét gia mao khuon mat. Mot phuong phap chong gia mao
khudn mit dua trén hai kénh CNN di duoc dé xuat dé tich hop cac dac trung cuc bd ctua
hinh anh khuén mat voi thong tin vé chiéu sau. Mang CNN du tién trich xuit mot s ving
khuén mat cuc bd 1am dir liéu hudn luyén, tra lai mot diém s6 cho mdi vung dé thé hién
kha nang khuén mat dé 1a that va tinh todn toan bo hinh anh khuén mat véi gié tri trung
binh. CNN thit hai 4p dung mang no-ron tich chap dé udc tinh ban do chiéu sau cua hinh
anh khuon mit bang cach phan loai cac diém pixel va cung cip diém sb uéc luong do that
ctia khuon mit theo ban dd chiéu sau. Cubi cung, diém sb cua hai mang CNNS nay duogc
tich hop dé danh gia tinh that cua khudén mit. Ludng xt 1y cua thuét toan duoc thé hién
trong hinh 1-7. Mic du cach tiép can nay da c6 gang dé tich hop cac dic trung, nhung né

van chua vuot troi so v6i cac phuong phap truyén thong.

Input Frame Detected Extracted Patch Spoof
Face Patches Sceres
(03]
r—t mp |  Patched-based ONN | wemp 271 ﬁ
m I Ive
/

— ‘ Fusion \
Spoof
‘ : Depth-based | . Feature SVM ’ poo

CNN Extraction

Hinh 1-7: Biéu dd ludng xir Iy cia CNN ¢6 2 kénh
1.2.6.2.2. Thong tin khong gian, thoi gian
Hinh anh khu6n mat chira mot sé luong 16n cac dic trung khong gian nhu két cau

va chiéu sau, nhung cac dac trung ve thoi gian cling dong mdt vai trd quan trong trong vi¢e
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phat hién gid mao khuon mat. Viéc phan tich khudén mat nguoi tir thoi gian va khong gian
6 thé tim ra thong tin hi¢u qua hon va cai thién do chinh xac cua viéc phat hién khuén mat
g14 mao.

Liu va cong su. [30] da tich hop thong tin chiéu sau khudén mat va tin hiéu rPPG dé
thuc hién phat hién gid mao khuon mat va chi ra réng bai todn phan loai nhi phan da dugc
thay thé bang bai toan hoc gidm sat dic trung dugc dinh trude. Chiéu sau ciia khuon mit
dai dién cho thong tin khong gian va tin hi¢u rPPG dai dién cho thoi gian, cé thé 1am noi
bat su khac bi¢t chinh gitra khuon mat that va gia mao. Tur géc d¢ khong gian, khudon mat
thuc 1a ba chiéu trong khi anh hoac khuon mat trén man hinh dién tir 1a hai chiéu; Tur g6c
do thot gian, khuén mat that cé thé phat hién tin hi¢u rPPG binh thuong nhung khuén mét
gia mao thi khong. Dé dat duoc hai loai giam sat, tic gia da thiét ké mot phuong phap hoc
sau dua trén cu trac CNN - RNN. CNN gidm sat do sau cua hinh anh dé xac dinh cac dic
trung két cau rat kho phat hién, sau d6 dua chiéu sau duoc ude tinh va ban do dic trung
vao mot 16p dang ky khong chit méi (new non-rigid registration layer) va tao mot ban do
dac trung mai, trong khi RNN str dung ban do dic trung méi da tao trude d6 va rPPG cho
huén luyén. Cudi ciing, thong tin chiéu sau va thong ké nhip tim thu duoc bang cach theo
ddi chudi cac tin hiéu rPPG duoc hop nhat. Dua trén co s& nay, nguoi ta da phan biét dugc
mat that va mat gia. Kién tric duoc thé hién trong hinh 1-8. Thir nghiém cho théy rﬁng
phuong phap nay da dat dugc két qua thir nghiém 1y tuong, cudi cing nd da vuot qua
phuong phap thir nghiém truyén théng va n6 ciing phan anh tim quan trong cta viéc giam

sat phu tro.
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CNN CNN CNN
-
$ &lé %,
Live/Spoof

RNN ——— - — RNN ———— RNN —

Hinh 1-8: Phat hién gia mao khudn mit dua trén CNN - RNN

Tuy nhién, phuong phép trén ciing c6 nhitng van dé sau: (1) Trong 16p dang ky
khong chat, cac biéu hién trén khudn mit va su thay ddi tu thé bi loai bd, bo qua su khac
biét ctia chung gitta khuén mat that va gia; (2) Viéc st dung mot khung hinh dé du doan
chiéu sau 1a chua thuyét phuc. Mot cach tuong dbi, viéc tai tao ban dd chiéu sau thong qua
nhiing thay doi vi mo khong gian gitra nhiéu khung hinh anh c6 loi hon. Dya trén hai thiéu
sot nay, Wang et al. [31] da xay dung mot framework giam sat chiéu sau va sir dung nhiéu
khung hinh RGB nhu 1a dau vao dé ude luong dd sau cuia khuon mat dé tan dung dﬁy du
thdng tin khong gian-thoi gian, va phan tich anh huong ciia chuyén dong va chiéu sau trong
viéc phét hién cac hinh thirc gia mao khudn mit. N6 bao gébm hai mo-dun méi: Khéi dic
trung hudng dan ludng quang hoc (Optical Flow guided Feature Block - OFFB) va mo-dun
ConvGRU, dugc thiét ké dé trich xuét cac chuyén dong ngan han va dai han dé phan biét
cac khuon mat that voi cac khudon mat gia mao. Phuong phap nay co thé phat hién khuon
mat gia mao mot cach hi¢u qua va chinh xac.

Yang va cong su. [32] d4 phat trién mot mang chéng gia mao dwa trén khong gian-
thoi gian (STASN) mdi, c6 tinh dén thong tin khong gian cuc bo va thdi gian toan cuc dé
phan bi¢t khuén mat that voi khuén mat gid mao. Mo hinh bao gém ba phﬁn: TASM, RAM
va SASM. TASM la CNN-LSTM, ldy chudi khung hinh video lam dau vao, dau tién trich
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xuét cac dic trung ciia CNN, thuc hi¢n lan truyén LSTM va sau d6 du doan két qua. RAM
hoc d0 1éch dua trén cac dac trung CNN tir TASM va Xuét ra cic vung tham gia lién quan
dén chudi hinh anh. SASM nhan dau vao 12 ving tham gia tir RAM va dau ra dwa vao tham
s6 chia s¢ CNN, va cudi cung tich hop n6 dé dy doan, nhu thé hién trong hinh 1-9. M4 hinh
dugc dé xuat co thé tw dong tap trung vao khu vuc nhan dang, gitip mo hinh c¢6 thé phan
tich hanh vi. Béng céch trich xuét cac dic trung tr cac khu vuc khéac nhau dé tim cac dau
hi€u kho phat hién, chéng han nhu cdc canh, mau moire, v.v., md hinh c6 thé phan bi¢t
hiéu qua khudén mit that va gia mao. Pong thoi, cac tac gia noi rang dé chong gia mao
khuoén mat, khong chi dé xay dung mat kién triic network tét, dit liéu cling rat quan trong.
Do d6, ho dé xuat mot giai phap thu thap dir liéu va cong nghé tong hop dit liéu dé mo
phong cac cudc tan cong gia mao khudn mit dua trén phuong tién k¥ thuat s6, c6 thé giup

thu dugc mot lugng 16n dir liéu huén luyén phan anh duoc hinh anh thuc té.

M frames

Hinh 1-9: Kién tric ciia STASN
1.3. Két ludn
Céc bai bao trén cho thiy viéc tich hop hai hay nhiéu dic trung, dic biét 1a dic trung
khong gian - thoi gian, 1am co s& dé danh gia mot khudn mit 13 that hay gia c6 thé lam 1
su khac biét gitra hai khuon mat mét cach toan dién va hiéu qua hon. So véi dac trung phat

hién gia mao khudén mit dira trén mot dic trung riéng 18, két hop nhiéu dic trung co do
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chinh xac vuot tro1 hon, déng thoi cling cai thién tinh manh mé va téng quat cua thuat toan.
Tuy nhién viéc st dung nhiéu khung hinh ciing ting thoi gian va tai nguyén tinh toan. Bén
canh d6, cac phuong phép st dung hoc sau dang cho thdy diém nbi troi hon so véi cac
phuong phap truyén thong.

Nhu vay, chuong nay da gidi thiéu vé bai toan phét hién gia mao khudn mit va cac
nghién ciru lién quan, ciing nhu cho thiy duoc tiém ning ctia hoc sau trong bai toan nay.
Chuong tiép theo s& trinh bay vé mot sb ly thuyét mang hoc siu va y tuéng tng dung ki

thuat nay vao phat hién gia mao khudn mat.
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CHUONG 2: UNG DUNG MANG HQC SAU VAO BAI TOAN

PHAT HIEN GIA MAO KHUON MAT

Chirong nay sé trinh bay mét so 1y thuyét vé mang hoc sdu, ¥ twong dwa LBP vao
mang tich chdp, si dung PRNet dé tai tao anh chiéu sau cia khubn mat, gisi thiéu vé mang
resnet va cach két hop céc kj thudt nay lai véi nhau d@é duwa ra dirge cdc phwong phdp, kién
tric mang hoc sdu tuwong ¥ng cho bai toan phat hién gid mao. Pong thoi gidi thidu vé vdn

dé thich ing mién va y tuwéng thie nghiém nham khdc phuc vdn dé nay.

2.1. Y twéng giai quyét bai toin

Bai toan dugc dit ra ban dau trong luan vin d6 1a v6i mot anh dau vao, hé thong

phat hién gia mao can tra vé thong tin két luan khudn mat xuat hién trong buc anh dé 1a

that hay gia. Pay thuc chat 1a mot bai toan phan loai hai 16p. Vi vay huéng tiép can cua

luan van s€ c6 3 giai doan.

Giai doan hudn luyén

Thuat todn phén Iop

)

_______________________________________________________________________

h 4

Ul

Mo hinh phén k¥p da
duroc hudn luyén

F

h

data

_______________________________________________________________________

[

h

Hinh anh
khudn mat

Khudn mat gia

Hinh 2-1: Cac giai doan trong qué trinh xay dwng giai phap phéat hién gia mao

khudn mit
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Giai doan huan luyén: Day 1a giai doan luan van sir dung tap dit liéu huan luyén va
tap dit liéu phat trién dé huan luyén md hinh phan 16p duoc lya chon.

Giai doan kiém tht: Sau khi d3 c6 duoc mé hinh sau giai doan huan luyén, luan vin
st dung mét tap dit liéu kiém thir chua duoc st dung trong qué trinh huan luyén dé danh
gia tong quéat mé hinh vira méi duoc tao.

Giai doan du doan: Pay la giai doan twong lai, khi tng dung mé hinh ma luan van
da thir nghiém vao trong céc hé thdng da dugc thuc té, dau vao s& 1a mot birc anh, dau ra
sé€ la du doan buc anh méi cho co phai la that hay khoéng.

Cu thé hon, trong pham vi cua luan vin, thuat toan phan I6p duoc chon dé thu
nghiém & day s€ la mot thuat todn hoc sdu bai nhitng thanh tyu ma phuong phap nay dat
duoc trong nhirg nam gan day.

Lay cam hing tir cac nghién ctru duoc tim hiéu ¢ chuong 1, luan vian thay rang, co
hai thong tin dugc sir dung kha phd bién dé co thé phat hién dugc khuon mait 1a that hay
gia mao. D6 1a dic trung LBP va thong tin vé chiéu sau. Vi vay, ludn vian da tim hiéu cac
cach dé dua duoc cac thong tin nay vao mdt mang hoc sau la resnet-34. Cu thé, cac mo
hinh ma luan van thtr nghiém s€ dugoc mo rong dan dan véi mo hinh dau tién 1a st dung
resnet-34 don 1¢ dé phan 16p, & mé hinh tht 2 s& 1a m6 hinh 1 két hop véi Central Difference
Convolution (CDC), day 1a mot k¥ thuat két hop ¥ tuéng ctiia LBP va phép toan tich chap.
Cubi cung, mo hinh thir 3 tao bdi mo hinh 2 va thong tin chiéu sau ctia khudn mit. O cac
muc tiép theo luan vin s& mé ta k§ hon cac ki thuat ndy cing céc kién thirc co ban vé mang

hoc sau.
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M5 hinh 3: Resnet-34, CDC va thong tin chiéu séu

Mé hinh 2: Resnet-34 va CDC

Ma hinh 1: Resnet-34

Hinh 2-2: Cac mé hinh thir nghiém lam b phéan loai

2.2. Gidi thiéu mang hoc sau
2.2.1. Mang no-ron

Mang no-ron (neural network) 1 mot mé hinh hoc may c6 kha nang mé phong bat ky
ham s6 hay quan hé nao [17]. Mang no-ron ¢6 nhiéu kién triic nhung trong pham vi ludn
van nay, ndi dung s& gidi thiéu vé mang no-ron c6 kién tric két ndi day du (fully connected
network). O kién trac niy mang no-ron gdm nhiéu 16p (layer) dugc sap xép tuyén tinh, mdi
16p gdm gdm no-ron va cac no-ron nay khong két néi véi nhau, cac no-ron & 2 16p lién tiép
duogc két ndi voi nhau thong qua céac canh, mdi canh déu c6 mot trong $6, tao thanh mot

ma trin trong s6 dé két ndi gitra 2 16p lién tiép.
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—
hw.h(x)

Layer Ly

+1

Layer L, Layer L,
Hinh 2-3: Mang No-ron véi gia tri dau ra

L&p dau tién bén trai duoc goi 1a 16p dau vao (input layer), 16p ngoai cing bén phai
duoc goi 12 16p dau ra (output layer), 16p ¢ giita duoc goi 1a 16p an (hidden layer). Vong
tron ¢6 nhan +1 dugc goi 1a don vi thién vi (bias unit). Tap hop thong s6 ctia mang 1a
(W,b) = (WD, bW, W@, p@) 5 day WBla ma tran trong sb lién két gitra 2 16p  va
[ + 1, ciing nhu b®1a don vi thién vi cua 16p [ + 1. O trong vi du nay W ™1a ma tran c6
kich thuéc 3 x 3 va W@ ¢6 kich thuéc 1 x 3.

Biéu thi a”1a gia tri kich hoat (dAu ra c6 don vi i trong lop ). V6i L= 1c6 a” = x;.
Cubi cung, gia sir tap théng sé cua mang (W, b) dia dugc xac dinh hét thi c6 dau ra cia

mang 1a hy, , 1a mot s6 thuc va dugc tinh toan cu thé nhu sau:

o = f(WPx + W%, + W xs + biY)
P = P+ WP+ WP+ )
o = (P + WPx + Wi, + bY)
hwp(0) = a7 = FWar” + WP as” + WPas” + b”)

Chung ta ciing ¢6 thé dinh nghia z{” = 7., W\ Vx; + b P vaya” = f(z)
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Trong d6 ham f dugc goi 1a ham kich hoat (activation function). Mot sb lya chon cho

ham kich hoat nhu:
N -
- Ham sigmoid: f(z) = 1+exp (—z)
Ham tanh e?—e?
- am tan f(Z) - eZ+ e~ Z
Sagmaid lnctan
nat
LR By
o7
OE":
Sos
(F]
o3
ozt
01
;. A :
5 4 3 £ 1 ‘ : ‘ b

Hinh 2-4: Do thi ciia ham sigmoid
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Hinh 2-5: D6 thi ciia ham tanh

Mang no-ron dugc tmg dung rong rai dé giai quyét bai toan phan loai, do d6 ¢ dau ra
ctia mang can phai 1a mot ham phan bd xéac suit ctia cac nhin phén loai cho biét ti 1 phan
tram dir liéu dau vao co thé 1a nhan d6. Gia str ¢c6 n nhan dé phén loai thi dau ra & 16p cubi
congiatriz= (zy,2,, ..., 2,) va can chuyén n gia tri ndy thanh mot phan bd xéac suét bang

cach st dung ham softmax nhu sau:

SOftma.X(Z) = (plr er ---;pn)

exp (z;)

n

—ZPED véiexp (L) 1a ham Iy thira co s tu nhién e.
T e @) p() y ;

Trong do: p; =

Nhu véy, két qua dau ra cia mang no-ron phu thudc vao thong sé (W, b), dé danh gia
thong s6 (W, b) ¢ tét hay khong, ngudi ta ¢ mot gia tri goi 1a ham mat mat (Loss function)
dé tinh do sai 1éch gitra dir 1i€u ra cua mang va dir li€u can dat duoc.

Dua vao gia tri cia ham mat mat, qua trinh huan luyén mang no-ron s€ li€n tuc cap

nhit cic trong s6 ctia mang no-ron d6 thong qua mot thuat toan goi 1a lan truyén nguoc.
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2.2.2. Hoc sau
Hoc sau 1a mgt nhanh cua hoc may dua trén mdt tap cac thuat toan ) géng dé co duoc
cac md hinh triru twong mirc do cao trong dit liéu bang cach sir dung cac d6 thi sau véi

nhiéu 16p xir Iy bao gdm cac bién d6i tuyén tinh va phi tuyén tinh.

Phuong phap nay 13 mot phan cia cac phuwong phap hoc may dua trén viée hoc céac
dic diém, biéu hién cua dir liéu. Mot quan sat (vi du nhu mot hinh anh) c6 thé duoc biéu
hién béng nhiéu cach khac nhau nhu tap gia tri cudong do cua cac diém anh, hodc theo tap
cac canh, hay cac vung c6 hinh dang ddc biét. Trong hoc siu, cac dac trung c6 dac diém

c6 nhiéu muc, cac dac trung & muc cao dugce hoc tir cac dac trung & muc thap hon.

very high level representation:

MAN| [SITTING

edges, local shapes, object parts slightly higher level representation

A

raw input vector representation:

Low level representation .’=

Hinh 2-6: M6 hinh ctia m§t mang hoc sau

Nghién ciru trong linh vuc nay ¢d gang dé 1am cho cac dic trung, biéu hién cua dir
liéu ot hon va tao ra cdc mo hinh dé hoc duoc cac dic trung, biéu hién nay tur cac dir li¢u
khong c6 nhan ¢ quy mo 16n.

Nhiéu kién trac hoc sdu khac nhau nhu mang no-ron sau, mang no-ron tich chap sau,
mang niém tin sdu, mang no-ron tai phat ... da duoc ap dung cho cac linh vuc nhu thi giac
may tinh, ty dong nhan dang giong noi, xtr ly ngdn ngit ty nhién, nhan dang &m thanh ngon

ngtr va tin sinh hoc, chung da dugc ching minh 1a tao ra cac két qua rat tot doi véi nhiéu
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nhiém vu khéac nhau. Tuy nhién, mang hoc sau khong phai 1a hoan hdo hoan toan ma né

cling c¢6 nhirng nhugc diém nhit dinh:

Tinh sén ¢é ciia div liéu: Thuat toan hoc chinh ciia mang hoc sau la khéi tao ngﬁu
nhién trong s6 cla mang, sau do dao tao no béng cach str dung mot tap huén luyén
c6 nhin, dung mot thuit toan hoc c6 giam sat vi du gradient descent dé lam giam
16i huan luyén. Pay ciing 12 mot khé khin ciia mang hoc sau béi dir liéu duge gin
nhan 1a khan hiém va do d6 rat khé dé c6 di dit lidu lam vi dy dé dao tao duogc
thong s6 cho mot mo hinh phtrc tap nhu mang hoc sau. Viéc dit li¢u khong du cod
thé dan t6i overfitting.

Cuec tri dia phwong (Local optima): Huan luyén mot mang néng (chi v6i 1 16p
an) sir dung hoc c6 giam sat thuong dan dén két qua cac thong sb hoi tu hop 1y.
Nhung khi huan luyén mot mang hoc sau, viéc ndy it nhiéu ciing khong tt bang.
Dic biét, viéc huan luyén mot mang no-ron st dung hoc c6 gidm sat c6 li€én quan
dén giai quyét bai toan t6i wu héa ham khong 10i (cuc tiéu hoa ham
i ||hW(x(i)) — y®||2 voi thong s6 14 W, b). O mang hoc sau, ¢ rat nhiéu
cuc tri dia phuong XAu.

Swec khéch tdn ciia gradients (Diffusion of gradient): C6 thém mot 1y do ma giai
thich tai sao gradient descent khong hoat dong tdt trén mot mang hoc sau vdi cac
trong s6 dugc khoi tao ngau nhién. Cu thé khi st dung thuat toan lan truyén nguoc
dé tinh dao ham, gradient duoc lan truyén nguoc lai (tir 16p dau ra vé cac 16p trude
d6 ctia mang) s& nhanh chong giam baot d6 16n khi d6 su ciia mang tang 1én. Két
qua 1a, dao ham ctia toan bo chi phi (overall cost) véi trong sb cuia cac 16p dau tién
rat nho. Boi vay khi sir dung gradient descent, trong s6 cuia cac 16p nay thay d6i

cham, va cac 16p nay hoc khong dugc nhicu.

2.2.3. Mang no-ron tich chap
2.2.3.1. Tich chap

Tich chép (convolution) hiéu mot cach don gian nhat dung mot cira so truot dé truot

trén mot ma tran. Hinh dudi ddy s& cho mot cach nhin dé hinh dung hon.
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Hinh 2-7: Vi du khi thye hién tich chip trén anh

Tudng twong rang ma tran bén trai thé hién mot birc anh mau den va trang. Mdi 6
turong tng v&i mot diém anh, 0 cho mau den va 1 cho mau tring (hodc 1a tir 0 dén 255 ddi
v6i anh da mirc xam). Ctra s6 trugt duoc goi 14 hat nhan (kernel), bo loc (filter) hodc phat
hién dac trung (features detector). O day st dung mot bo loc kich thude 3 x 3, mdi khi trugt
bd loc trén ma tran, thuc hién nhan cac gia tri tuong g trén bd loc va gia tri trén ma tran
dang tring khép nhau, sau cing 1y tong tat ca cac gia tri dat duoc. Lam tuong tu nhu vay
khi truot bo loc trén toan bd ma tran. Vi du:

O hinh anh trén fillter dang duogc dat trung voi ma tran con ¢6 toa do goce trén trai nam
6 6 (1, 1) cia anh. Két qua khi thyuc hién nhu sau:

1*1+0*1+1*1+0*0+1*1+0*1+1*0+0*0+1*1=4

Dudéi day sé 1a mot vai vi du cho viéc sur dung filter.

e Lay trung binh gia tri diém anh dé lam mo anh



0|0|0|0]|0 >
0/1{1(1]|0
0j1|{1]|1|0
0{1({1(1]|0
0/{0|0]|0]|0

Hinh 2-8: Sir dung bd loc dé 1am mo dnh

e LAy su khac biét gitra diém anh va cac gia tri 1an can n6 dé phat hién canh:

o
+
o

Hinh 2-9: Sir dung b loc dé phat hién canh
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2.2.3.2. Mang tich chdp (Convolution neural networks - CNN)

Mang tich chap 1a mot mang két hop giita vai 16p tich chap (convolution layer) voi
cac ham kich hoat phi tuyén nhu ReLu hodc tanh ap dung cho cac két qua co duoc sau

convolution.

Trong md hinh mang no-ron truyén théng (feedforward neural network), cac 16p két
ndi truc tiép voi nhau. Cac 16p nay con duogc goi 1a cac két ndi diy du (Fully connected
layer). Trong mo hinh CNN thi khong nhu vay, CNN st dung tich chap trén 16p dau vao
dé tinh toan dau ra, mdi 16p duogc dung mot bd loc khac nhau. Ngoai tich chdap, CNN con
c6 cac 16p pooling (pooling layer), 16p pooling ciing gan twong tw nhu tich chap dé dé hinh
dung, pooling cling dung mot ctra sO truot, trurot trén mot ma tran, nhung thay vi nhan céac
phan tir dang khép nhau trén bo loc va cac phan tir trén ma tran va tinh tong cac gia tri ¢6
duoc thi pooling ¢6 nhiéu Iyra chon nhu 14y gia trj 16n nhat cta cac gia trj trén ma tran dang
khép vai cira so, hay 1y gia tri nho nhét v...v nhung thuong sir dung 1a 1y gia tri 16n nhat

trén cac phan tir ciia ma tran khi d6 pooling c6 mot tén goi riéng 13 max pooling.

Single depth slice

Jl1l1]2]4
max pool with 2x2 filters
DG 7 | 8 and stride 2 6| 8
3 | 2 . 3| 4
1 | 2 .
y

Hinh 2-10: Vi du vé thye hién pooling

Pooling gitip giam s6 chiéu & dau ra nhung hy vong s& van giit duoc cc thong tin noi

bat nhéat.

Cubi cac 16p tich chap, pooling 1a cac 16p két ndi day du.
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Convolution Pooling Convolution Pooling Fully Fully Output Predictions
Connected Connected

dog (0.01)
cat (0.04)
boat (0.94)
bird (0.02)

Hinh 2-11: Mang hoc siu dé phan loai ddi twong trong anh

O cudi cung c6 mot 16p softmax 16p softmax nay c¢6 nhiém vu chuyén doi cac gia tri
dau vao thanh mdt phan bo xéac suat dé du doan doi tuong, vi du nhu trong anh trén thi cudi
cung cua mang CNN nay cho ra lan lugt xéc suat cia cac nhan dang can du doan cho birc

anh dau vao, vi du nhu bure hinh & trén xac suat cua doi tugng trong birc anh véi cac nhan

la:

- Dog: 0.01

- Cat: 0.04

- Boat: 0.94

- Bird: 0.02

Nhin vao x4ac sudt phia trén thdy duoc ring dbi twong trong anh dwoc dy doan 1a
thuyén.

2.3. Ung dung hoc siu vao bai toan phat hién gia mao khudén mit
2.3.1. Mang tich chip khac biét trung tam (Central Difference Convolution -
CDC)

Phep toan tich chap 2D 1a mdt phép toan co ban cua mang tich chap trong cac bai
toan thi gidc may tinh. C6 hai budc trong qué trinh thyc hién phép toan nay. Budc dau tién
1a 1ay mau, day 1a budc thyc hién thu thap cac gia tri ving cuc bd R trén ban do dic trung
x. Budc thir 2 13 tong hop céc gia tri thu duoc tir budc 1 véi trong sd. Cudi cung, dau ra 1a

ban d6 dic trung y c6 thé duge tinh nhu sau:
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y(po) = Y w(pn) - z(po + pa),

PrnER
Vi po 12 vi tri hién tai ¢ cac ban d6 dic trung dau vao va dau ra, p,, 1 tap cac vi tri trong
R. Vi du phép tich chap véi kernel 3x3 c6 do gidn1a 1 thi co R = {(—1, —1), (-1, 0), - - -,
0, 1), 1, D}

Dé c6 thé 4p dung tu twong ctia LBP, mot phuong phap mé ta mdi quan hé dia
phuong vao phép toan tich chap nhim muc dich ting cudng kha ning biéu dién va khai
quat hoa ciia mo hinh. Viéc dua y twong ndy vao phép toan tich chap dé tao thanh CDC
nhu sau: Tuong ty mang tich chap thong thudng, CDC ciing bao gém hai budc 1dy miu va
téng hop. Viéc 14y miu twong tu nhu trong tich chap thong thudng trong khi budc tong
hop ¢6 khéac biét: nhu duge minh hoa trong hinh 2-12, CDC l4y tong center-oriented
gradient cua cac gia tri duoc 14y mau. Phuong trinh (1) tré thanh

y(po) = Y wpa) - (x(po +pn) — z(po)).

PnER

Khi p,, = (0, 0), gia tri gradient luén bang 0 dbi voi chinh vi tri trung tam p.

input feature map output feature map

e Conv
- oceroriies

e aggregatan

Hinh 2-12: M6 hinh ciia CDC
Dbi v6i bai toan phat hién gia mao khudn mit, ca thong tin ngit nghia mirc cuong
d6 va thong tin chi tiét mirc gradient déu rat quan trong dé phan biét khudn mit song va
khuon mit gia mao, diéu nay chi ra rang viéc két hop tich chap thong thudng véi CDC c6
thé 1a mot cach kha thi dé cung cép nang lyc mo hinh héa manh mé hon. Do d6 CDC duogc

tong quat hoa thanh:
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Yipo)=#8- Z w(pn) - (2(po + pn) — 2(pa))

pER

w
central difference comvalution

+(1—#)- Z w{py ) - x(pyg + Pl

PnER

vanilla comvolution

Vi thong sb 0 (theta) thude doan [0, 1] thé hién ty 16 dong gop giita thong tin mirc cudng
d6 va mirc gradient. Cac gia tri ctia © cang cao c6 nghia 1a thong tin vé 6 chénh léch trung
tAm cang cd tAm quan trong.
2.3.2. Tao thong tin chiéu siu tir khudén mat
2.3.2.1. Biéu dién khuon mdt 3D

Dé biéu dién mot khudén mat 3D trong may tinh, luén van st dung mot biéu dd vi tri
UV. Ban db vi trf UV hay goi tat 1a ban do vi tri, 12 mot hinh anh 2D ghi lai vi tri 3D cua
tat ca cac diém trong khong gian UV. Trong nhitng nam qua, khong gian UV hoic toa do
UV, la mot mat phéng hinh anh 2D dugc tham s6 hoa tir khong gian 3D, da dugc stir dung
nhu mot cach dé thé hién thong tin bao gom két cu cua khuén mit (ban d6 két cau)
[35,36,37,38], hinh hoc 2,5D [39,40] va sy tuong Grng gilra cac mét ludi face 3D [41].
Trong luan vian, khong gian UV duoc dung dé luu trit toa dd 3D cia cac diém tir mo hinh
khuon mat 3D. Nhu trong hinh 2-13, chung ta x4ac dinh dam may diém mat 3D trong h¢ toa
d6 Descartes. Piém gbc cua khong gian 3D chong 1én phia trén bén trai ctia hinh anh dau
Vao, v6i truc x duong hudng sang bén phai ctia hinh anh. Pam may diém cta khuon mait
3D khdp chinh xac véi khuén mat trong hinh anh 2D khi duoc chiéu 1én mit phing x-y.
Do d6, ban db vi tri c6 thé dé dang hiéu duogc 1a thay thé gia tri r, g, b trong ban d két cau

bang céac toa do x, y, z.
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Hinh 2-13: Hinh minh hoa ciia ban d6 vi tri UV. Bén trai: Biéu d6 3D ciia hinh dnh dau vao

va dam mAy diém 3D ciia khudn mit. Bén phai: Hang diu tién 12 hinh anh 2D diu vao, bin
d6 két cau UV dwoge trich xuit va ban d6 vi tri UV twong wng. Hang thir hai 1a kénh x, y, z

ciia ban do vi tri UV.

2.3.2.2. Kién triic mé hinh va ham mat mat

Hinh 2-14: Kién tric cia PRNet. Cac hinh chir nhat mau xanh 14 ciy dai dién cho cac khoi

Resnet va cac hinh chir nhat mau xanh dai dién cho cac 16p tich chap da chuyén vi.

Mo hinh hoc sau dung dé ciu trac lai thong tin chiéu sau cua khudn mit tén 1a
PRNet. Vi m6 hinh PRN chuyén hinh anh RGB dau vao thanh hinh anh ban d6 vi tri nén
mo hinh st dung céu triac b ma hoa-giai ma dé hoc ham chuyén ddi. Phan b ma héa trong
PRN bat dau bang mot 16p tich chap, theo sau 1a 10 khoi residual [42] giup giam hinh anh
dau vao c6 kich thude 256 x 256 x 3 thanh ban db dic trung c6 kich thudce 8 x 8 x 512,
phan bo giai ma chta 17 16p tich chap chuyén vi dé tao ra du doan ban d6 vi tri ¢6 kich

thude 256 x 256 x 3. M6 hinh sir dung kich thudc hat nhan (kernel size) 1a 4 cho tat ca cac
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16p tich chap hodc chuyén vi va sir dung 16p ReLU dé kich hoat. Do ban d6 vi tri chira ca
thong tin 3D day da va két qua cin chinh khudén mat. Kién trac cua PRNet duoc thé hién
trong hinh 2-14.

Pé hoc cac tham sb cia mo hinh, PRNet xay dung mot ham méat mat méi dé do sy
khac biét giita ban d6 vi tri va dau ra cia mé hinh. L3i binh phuong trung binh (MSE) 13
mot ham mét mat thuong dugce sir dung cho cac bai toan nhu vay, chrflng han nhu trong [34,
43]. Tuy nhién, MSE coi tat ca cac diém nhu nhau, vi vy n6 khong hoan toan thich hop
cho viéc hoc ban dd vi tri. Vi vung trung tdm cuda khuén mat co nhiéu dic diém phan biét
hon cac vung khac, PRNet sir dung mat na trong s6 dé tao 1én ham mat mat.

Nhu trong hinh 2-13, mét na trong s6 1a mot hinh dnh xdm ghi lai trong sb cua moi
diém trén ban dd vi tri. N6 co cung kich thuodc va ty 1€ véi ban db vi tri. Theo muc tiéu cua
PRNet, PRNet phan chia cac diém thanh bén loai, mdi loai c6 trong s riéng trong ham
méat mat. Vi tri cua 68 diém quan trong trén khuén mét c6 trong sb cao nhit, do d6 dé dam
bao md hinh hoc chinh xac vi tri ciia cac diém nay. Ving co thuong it thu hit sy cha y va
thudng bi che. Vi viéc hoc hinh dang 3D ciia ¢6 hodc quan 40 nam ngoai mdi quan tim cia
PRNet, mé hinh nay chi dinh trong s6 0 cho cac diém & ving cb dé giam bét nhidu trong
qué trinh huan luyén.

P(

Gia st bidu thi ban db vi tri dur doan 1a £ (L5 ¥)vei x, y dai dién cho méi toa do

\ H-J-"" 7 _.-_;" L
pixel. Cho ban @6 vi tri ground truth ! (‘l’? Y )Vé mait na trong so W (J' » Y ), ham trong

s6 duoc tinh bang:

Loss = E |P(x,y) — P(z,y)|| - W(z,y)
Cu thé, PRNet sir dung ty I¢ trong sb sau trong cac thi nghiém cta minh, tiéu vung 1 (68
diém mdc trén khudn mit): tiéu ving 2 (mét, mili, miéng): tiéu vang 3 (ving mit khac):

tiéu vung 4 (06) =16: 4: 3: 0. Mt na trong s6 cubi cung dugc hién thi trong hinh 2-15
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Hinh 2-15: Hinh minh hoa clia mit na trong s6. Tir trai sang phai: ban dd két ciu UV, ban
dd vi tri UV, ban dd két cAu mau véi thong tin phan doan (mau xanh cho viing mit, mau
d6 cho viing miii, mau xanh 14 ciy cho viing miéng va mau tim cho ving c6), mit na trong
s6 & cudi cung.

2.3.3. Mang ResNet

ResNet, viét tit cua Residual Network 1a mot loai mang no-ron cy thé da duoc gidi
thiéu vao nam 2015 boi Kaiming He, Xiangyu Zhang, Shaoging Ren va Jian Sun.
Mot van d& thudng gip khi huan luyén mot mang network qua sdu 14 vanishing problem,
va resnet dugc sinh ra dé khiac phuc van dé nay bang cach dua ra khéi du thira (residual

block)

weight layer

F(x)

X
weight layer identity

Hinh 2-16: Khéi du thira

Su khac biét & khéi du thira 1a 6 mot két ndi truc tiép bé qua mot s6 16p (co thé
khac nhau trong cdc mo hinh khac nhau) & gitra. Két ni nay duoc goi la 'két ndi nhay' (skip

connection) va la thanh phan c6t 161 cua cac khoi du thira. Do két n6i1 bo qua nay, dau ra
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cta 16p by gid khong giéng nhau. Néu khong str dung két ndi nhay nay, ddu vao ‘x’ s&

dugc nhan véi trong s6 cta 16p, sau d6 thém maot s6 hang thién vi (bias).

VGG-19 34-layer plain 34-layer residual
image image image
Jugat
| adcowes |

poal, /2
output
e 112
| 3a3conw,128 | | nrcomves 2 | | miconw,64/2 |
poal, [2 poal, /2 pool, /2
output
256 T o, 256 | [ 33conv 64| [ 33conv 64|
| m3cow,256 | | 33convs4 | | 3u3cony, 64
v ¥
| 3aconw, 256 | | 33conv,64 | | 3x3cony, 64
]
[ 3x3conw, 256 | [ 33conv4 | [ 3u3cony, 64
¥
3x3 conv, 64 3x3 conv, 64
L | L I
¥
3x3 conv, 64 3x3 conv, 64
A4
pool, /2 | 3e3conv, 128,72 | | 3x3 conv, 128, /2 ] .
output ¥ L 2 ¥ ¥
s2e28 TG s | [ e8| [[(#eomie | .-
[ m3econw512 | | 3x3conv,128 | [ adcom 128 ]
3x3 conw, 512 3x3 conv, 128 3x3 conv, 128
¥
¥
| a3conv,512 | | 3conv, 128 | | adcomv,128 |
¥ L 2
| 3x3conv,128 | [ sdcom128 |
¥ ¥
3x3 conw, 128 3x3 conv, 128
¥
| ax3conw,128 | | 3conv,128 |
::;”ﬂ pool, /2 [ axaconv, 236,72 | [3xacany, 255,12 ] ---- .,
‘ Y
[ 3x3conw,512 | [ 33conv,256 | [ 3x3conv, 256
[ m3cowsi2 | [ 33conv,256 | [ aa3conv,2s6 |
[ m3cows12 | [ 33conv,256 | [ 33conv256 |
¥ L
[ 3xconw,512 | [ 3x8conv,256 | [ 33conv,256 |
[ 33conv,256 | [ aa3conv,2s6 |
| 33cony,256 | [ 33conv,256 |
Y
| 33conv,256 | [ 33 conv, 256
| 33conv,256 | [ aa3conv,2s6 |
¥ ¥
| 3x3conv,256 | [ 33 conv, 256
| 3x3conv,256 | [ 33 comv, 256
| 33conv,256 | | 3x3 conv, 256
Yy N T
:I‘;‘:"; pool, /2 [ 33conv,512,/2 | [3a conv, 512,12 R
) Y
| 3x3conv,512 | [ s@eomwsz | .7
| 3dconv,512 | | 3x3conv, 512
[ 3@cony, 512 | [ 33 conv, 512
| 33conv,512 | [ 33 comv, 512
¥ ¥
| 3x3conv,512 | | 3x3con, 512
3 v —
:IT:T fc 4096 avg pool avg pool
fc 4096 fc 1000 fe 1000
[ | L I L I

fc 1000

Hinh 2-17: So sanh Resnet-34 va mt mang network véi 34 lop
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2.3.4. Két hgp CDC, thong tin chiéu siu va Resnet-34

Nhu d3 m6 ta & cac phan truéc luan van s& tha nghiém 3 mé hinh cho bai toan phat
hién gia mao khudn mat. Mé hinh nay ké thira mé hinh trudc khi lan luot wng dung thém
vao cac ky thuat CDC va thdng tin vé chiéu sau cua khudn mat. Cu thé qua trinh xay dung
ba mo hinh nhu sau:

- M0 hinh 1: Ban ddu mang resnet-34 c6 16p két ndi day du tra ra 1000 16p do duoc
huan luyén véi tap dir liéu ImageNet (Hinh 2-17). Tuy nhién, bai toan phét hién
gia mao khuén mat dang 1a mét bai toan phan I6p c6 2 nhén la khudn mat that va
khubn mat gia mao nén luan vin thuc hién thay thé 16p két néi day du cudi cing
thanh mot 16p khac ma dau ra chi tra vé 2 gia tri dé phi hop véi bai toan. Bén canh
do6, boi dir liéu huan luyén cho bai toan phat hién gia mao dang it hon so vai tap
dir liéu ImageNet nén luan van thuc hién dong bang cac 16p trudc 16p cudi cing,
hay néi cach khac 12 khdng cap nhat trong sé caa cac 16p nay trong qué trinh huan
luyén ma chi cap nhat trong sb cuaa 16p két néi day da cudi cing.

- M6 hinh 2: G mé hinh s6 2, luan van thuc hién thay thé toan bo céc 16p tich chap
ban dau c6 trong mé hinh 1 bang I6p CDC. G mé hinh nay, luan van tiép tuc thuc
hién chién lugc cap nhat trong s6 caa mé hinh s6 1, cong thém viéc cap nhat trong
s6 cua cac lop CDC méi dugc thém vao.

- M0 hinh 3: G mé hinh sé 3, luan vian tiép tuc thay d6i bat nguon tir mé hinh s6 2.
O md hinh nay luan van loai bo han 16p két néi day du cudi cung. Sau do, mot 16p
Upsample duoc dit vao sau khdi cac 16p thir 4 (gom cac 16p c6 sb luong kénh 1a
512) dé thuc hién dua feature map vé kich thuéc 32x32. Bén canh do, vai mdi mot
birc anh khuén mat dau vao, luan vin s& dua qua PRNet dé nhan duoc mét hinh
anh chiéu sau roi tiép tuc dua vé kich thudc 32x32. Sau dé tinh tong cac gia tri cua
2 ma tran 32x32 rdi tinh ti 16, ti 1& nay duoc so sanh voi mot ngudng cho trudc
duoc tim tir tap phat trién dé két luan mot anh 1a that hay 1a gia. Dé tim duoc
ngudng nay, luan vin thuc hién nhu sau: Vi moi anh, luan vin ludn tinh duoc ti

|6 giira tong gia tri cua ban d6 dic trung tir mé hinh 3 va téng gié tri ctia ma tran
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chiéu sau tir PRNet. Nhu vay sau khi chay hét tap phat trién, luan van co thé thu
duoc mot tap cac gia tri ti 16 nay. Budc tiép theo luan van dua tap cac gid tri nay
cling véi nhin twong tng cua birc anh dé tao ra mot dudng cong Receiver operating
characteristic (ROC Curve). Tir ROC curve, mot ngudng cho viéc phan loai khudn

mat that va khudn mat gia mao sé duoc lya chon.

._ -

0.8 =

— NetChop C-term 3.0
— TAP + ProteaSMM-i
ProteaSMM-1

True positive rate

' I I I I I !
0 0.2 0.4 0.6 0.8 I
False positive rate

Hinh 2-18: Vi du vé mét dwong cong ROC

2.4. Cac véan dé thich wng mién

Véi mot tap dit liéu da duoc gan nhén véi chit lwong tét, céc thuat toan hoc sau co
thé hoc dé dua ra cac két qua vo cling chinh xéac. Mit khac, trong truong hop tap di lidu
da duoc gan nhdn cho mot bai toan cu thé khong da 16n thi c6 mot cach khac dé xa Iy do

|4 str dung mot md hinh khéc da dugc huan luyén cho mot bai toan tuong ti. Cach 1am nay
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goi 1a hoc chuyén tiép. Trong truong hop ndy, mét sé 16p cudi s& dugc tinh chinh véi tap
dir liéu cua bai todn méi can giai quyét. Tuy nhién, & ca hai trudng hop trén thi déu dugc
gia dinh Ia dit liéu huan luyén ¢ phan phéi co ban. Nguoc lai, néu dau vao & giai doan kiém
thir khac dang ké so véi dit liéu huan luyén thi md hinh cé thé khéng con thuc sy rat tét
nira. Vi du vai mot bai todn phan vung anh, dir liéu duoc thu thap tir camera trudc cua mot
o to dé biét cac d6i tugng niao dang & phia trude (toa nha, cdy, ngudi di bo, dén giao thong
v.v). Gia sr rang di liéu nay duoc thu thap tai thia d6 Ha Noi va dugc dwa di huin luyén
cho mot thuat todn phan viing anh, mé hinh sau huan luyén dugc dua di thir nghiém trén
duong phé Ha Noi va cho ra két qua tot. Tuy nhién khi dem mo hinh nay sang Nhat Ban
dé ther nghiém thi két qua khong con duoc nhu cii nira do 6 td va canh vat & Nhat Ban khéc
xa v&i Ha Noi. Nguyén nhan dan téi diéu nay la mién bai toan di thay do6i. Cu thé, mién
dir liéu dau vao da thay doi con mién bai toan (nhan) van gitr nguyén. Van dé nay duoc goi
la vin d@é vé thich tng mién.

Qua céc vi du trén, quay lai voi bai toan gbc ma ludn van dé cap 1a phat hién gia
mao khudn mit, ta c6 thé théy réng viéc ap dung cac thuét todn hoc sau dé gidi cling s€ doi
mit v4i van dé thich ung mién. That vay, trong thuc té, khi huan luyén mo hinh, ta chua
chic da co dugce ngudn dir lidu gidng voi hinh thire khi mot ddi tuong tan cong hé thong
nhan dién khuon mit. Boi thiét bi ma dbi twong st dung cho chic da gidng véi thiét bi
duoc dung dé xay dung bd dir liéu, ciing nhu 13 hinh thirc gia mao ma ddi tugng thuc hién
cling chua chic di giéng voi cac cach thirc ma bo dir liéu hudn luyén da dinh nghia tir
truée. Piéu nay khién cho bai toan phat hién gida mao khudén mit cang tré 1én thach thirc
hon trong thuc té.

Qua khao sat tir [47], luan vin thy rang c6 mot sé hudng tiép can dé giai quyét van
dé nay do la:

- Divergence-based domain adapatation: Phuong phap nay hoat dong bang cach
giam thiéu mot sb tiéu chi phan biét giita phan phdi cua dit liéu ngudn va phan
phéi cua dir liéu dich, do d6 dat dugc cac biéu dién dic trung mién bat bién. Néu
c6 thé tim thay dugc mot biéu dién ddc trung nhu vay, b phan loai s& ¢ thé hoat

dong tot trén ca hai mién dit liu. Tat nhién, di€u nay gid dinh rang ton tai mot
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biéu dién nhu vay, tir d6 dwa ra gia dinh rang cac bai toan co lién quan theo mot
cach nao d6. Co thé ké dén mot s6 phuong phap theo hudng tiép can nay nhu [49,
50, 51, 52].

- Adversarial-based Domain Adaptation: K§ thuat nay cd ging dat dugc sy thich
{rmg mién bang cach st dung huin luyén d6i nghich. Mot cach tiép can 1a tao dir
liéu muyc tiéu (target dataset) c6 lién quan dén mién ngudn (source domain) (vi du
gilt nguy@n cac nhén) bang cach sir dung Generative adversarial networks (GAN)
[53]. Nhimng dit liéu mé&i dugc tong hop sau d6 s& duoc sir dung dé huan luyén mo
hinh cho tap dir li¢u muc tiéu.

- Reconstruction-based Domain Adaptation: Cach tiép can nay st dung mot nhiém
vu tai thiét bo tro (auxiliary reconstruction task) dé tao ra mot biéu dién c6 thé
dung chung cho mdi mién. Vi dy, phuong phap [54] dé cap t6i mot luong xir 1y dé
hoc cach chuyén d6i hinh anh nguén thanh hinh anh giong véi tap dir liéu dich.

[source] Class

Dropout {

Max Max Flatten N N
Posling Poaling A% ] [J

I I
I
P Dense I_l'.amr | Conv | Conv
!

Unpooling Unpaaling Unpooling

Unfiatten
[target)
Reconstruction

Hinh 2-19: Kién tric ciia phwong phap [54]
2.5. Ung dung GAN cho véin dé thich &ng mién
Trong qué trinh thuc hién, luan vin tiép cin theo huéng Adversarial-based Domain
Adaptation dé khac phuc van dé thich ung mién. Cu thé, luan vin thuc hién léy mot sd hinh
anh ¢ tap dir liéu dich 1am hinh anh mAu dé mot mo hinh chuyén kiéu (transfer style) hoc,

sau khi két thiic qua trinh hoc, mé hinh chuyén kiéu nay s& duoc sir dung dé chuyén doi
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tap dir liéu gbc ma ta dang san co, sau d6 tap dir liu méi ndy dugc dung dé huan luyén lai
mot mo hinh phat hién gia mao khudén mat méi (Hinh 2-20).

Tap diF liéu ngudn
(Source dataset)

Y

Thudt todn GAN

& f

2 anh tlr

Tép dif liéu ngubn g3
droc chuyen style

¥

h 4

Al . __ Hudn luyén .
tap dir lieu dich M& hinh phén loai Thuét toan phan Idp

mdi cho tap diF lidu |« cho phat hién gid

dich maa khudn mat

Hinh 2-20: Ludng thue hién GAN trong lun viin
Dé thuc hién ¥ trong nay, luan van co6 st dung mét thuat toan chuyén kiéu dugc mé
ta trong bai bao “Perceptual Losses for Real-Time Style Transfer and Super-Resolution”
[55].
5t}"|ﬁ TB[QET. i relul_2 1i-_1.,?.|.r|z-l1.12 2 E,-ﬁ.t’elua 3 prreludd

“siyle “atyle style “style
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Input | ! N I { N | || 1 | |
Image Jmage Transform Net | y [ E Loss Network (VGG-16) (35 .
i I §---m-- '
F.Q_.Ielllﬂ-_ﬂ
Content Target - feat

Hinh 2-21: Kién tric tong quan mang chuyén ddi kiéu [55]
Kién tric duoc sir dung trong bai bao [55] gdm 2 thanh phan (Hinh 2-21): mét mang
chuyén d6i hinh anh (image transformation network) £, va mot mang méit mat (loss
network) @ dugc st dung dé dinh nghia cac ham mét mat I3, L,, ..., .. Mang chuyén doi

hinh anh & day thuc chat 1a mot mang tich chap du thira sdu (deep residual convolutional
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neural network) tham sé héa bai trong sé6 W. V&i mét btc anh x s& dugc chuyén dbi thanh
9 = f,,(x). M&i ham mat mat s& tinh ra mot gia tri mat mat [;(9,y;) dé do luong su khac
biét gitta anh dau ra $ va anh myc tiéu y;. Mang chuyén doi hinh anh dugc huan luyén
bang thuat toan stochastic gradient descent dé cuc tiéu hoa mot ham téng hop dénh trong

sO cho cac ham mat mat:

W= ar gminy By (y3[5- Aili(fw (0),31)]

O thanh phan thir hai 1a mang mat mat @, @ s& 1a mot mang di dwoc tién huin luyén
cho bai toan phan loai hinh anh hay néi cach khac mang mat mat dugc ¢ dinh trong thuat
toan dé dinh nghia ra cac ham mét mat. Cac ham mat mat duoc dinh nghia tu mang mét
mat nay gdm ham mat mat tai cdu tao dic trung (feature reconstruction loss) l/?eat va ham

0]
style

mat mat tai cau tao kiéu (style reconstruction loss) dé do ludong su khac biét & noi
dung va kiéu giita cac hinh anh. Cu thé, muc tiéu ndi dung y, chinh la anh dau vao x, va
muc tiéu kiéu 12 y,. Hinh anh dau ra can phai két hop dugc hai hinh anh muc tiéu nay.
2.5.1. Mang chuyén d6i hinh dnh

Kién trac ctia mang chuyén doi hinh anh khong st dung bat ky 16p pooling ndo ma
str dung cac 16p tich chap voi théng sd vé bude nhay (stride) khac nhau dé thuc hién giam
kich thudc (downsampling) va ting kich thudc (upsampling). Cu thé, mang gém 5 khéi dur
thira (residual block) [42] str dung theo kién trac cua [56]. Tat ca cac 10p tich chap khéng
du thtra (non-residual) dugc theo sau boi spatial batch normalization [57] va ReLU khéng
tuyén tinh ngoai trir 16p dau ra, ma thay vao d6 1a scaled tanh dé dam bao rang anh dau ra
c6 gia tri pixel nam trong khoang tir 0 dén 255. Khac véi 16p dau tién va 16p cudi cung sir
dung kernel kich thudc 9x9, tat ca cac 16p tich chap sir dung kich thuée kernel 1a 3x3 (Hinh
2-22)
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Layer

Activation size

Input

32 x 9 x 9 conv, stride 1
64 x 3 X 3 conv, stride 2
128 x 3 x 3 conv, stride 2
Residual block, 128 filters
Residual block, 128 filters
Residual block, 128 filters
Residual block, 128 filters
Residual block, 128 filters
64 x 3 x 3 conv, stride 1/2
32 x 3 x 3 conv, stride 1/2

3 X 9 x9 conv, stride 1

3 X 256 x 256
32 x 256 x 256
64 x 128 x 128
128 x 64 x 64
128 x 64 x 64
128 x 64 x 64
128 x 64 x 64
128 x 64 x 64
128 x 64 x 64
64 x 128 x 128
32 x 256 x 256
3 X 256 x 256

Hinh 2-22: Kién triic cia mang chuyén doi kiéu

1
l
E Batch Norm

| | Batch Norm

Bai bao [42] c6 dua ra quan diém rang cac két ndi du thira c6 tac dung gitip cho
mang c6 thé hoc dugc cic ham nhan dang (identity function) dé& dang hon, trong khi d6
trong hau hét cac trudng hop ciia bai toan chuyén kiéu thi 4nh dau ra can c6 diém chung
vé kién tric v6i anh dau vao, vi vay cac két noi du thira c6 thé phu hop voi muc tiéu cua
mang chuyén doi hinh anh. Béi 1& d6 ma trong kién triic cia mang chuyén d6i hinh anh c6

chtra mot vai khoi du thira (residual block) (Hinh 2-23)

Hinh 2-23: Bén trai 1a khdi dw thira dwoc sir dung, bén phai la

khoi tich chip thong thuong
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2.5.2. HAm mat mat tri giac (Perceptual Loss function)

Phuong phép [55] dinh nghia hai ham mat mat tri giac do ludng su khac biét vé tri
giac va ngir nghia (semantic) ctia cac hinh anh & mirc cao. Trong d6 mang mét mat @ dugc
tién hudn luyén cho phan loai hinh anh, cu thé & day 13 mang VGG-16 [59] dugc tién huin
luyén trén bo dir liéu ImageNet.

Ham méat mat tri giac dau tién d6 1a ham mAat mat tai ciu tao dic trung (feature
reconstruction loss). Thay vi muyc tiéu 13 cac pixel ctia anh dau ra § gidng hét vai cac pixel
ctia anh muc tiéu y thi & phuong phap nay sé& thuc day dé cac birc anh nay tuong ty nhau &
biéu dién dic trung khi duoc tinh béi mang mat mat @. Goi @ j(x) lakich hoat (activations)
ctia 16p thir j cuia mang @ khi xt Iy anh x. Néu j 1a mét 16p tich chap thi @ j(x) s& 1a mot
ban dd dic trung c6 kich thuéce C; x H; x W;. Ham mat mat tai cau tao dic trung 1a khoang
cach Euclidean giira cac biéu dién dic trung dugc tinh theo cong thic:

1

~ 2
caw 19,0 = 4,0,

0. 3,) =

Vi¢c st dung mgt ham mat mat tai ciu tao dic trung cho qua trinh huin luyén mang
chuyén kiéu anh s& gitip anh dau ra $ twong tu v4i anh dau vao y nhung khong bat budc 2
burc anh 13 giéng nhau chinh xac hoan toan.

Ham mat mat tri giac thi hai d6 1a ham mat mat tai cau tao kiéu (style reconstruction
loss). Muc dich cia ham mat mat nay s& 14 do ludng su khac biét giira hai btrc 4nh & cac
dic diém nhu mau, ciu trac, mau chung (common patterns), v.v.

Pau tién, van giir nguyén dinh nghia cta @ j(x) nhu phia trén. Goi ma tran Gram

G]-‘a (x) 1a ma tran co kich thudc C; x C;, tinh boi cong thire sau:

Hj W;
1
ng(x)c,c’ = CHW, Z Z gj(x)h,w,c gj (x)h,W,C’
77T p=1 w=1

Ham mat mat tai cau tao ki€u s€ la squared Frobenius norm cua sy khac biét gitra
ma tran Gram cua anh dau ra va anh muc tiéu:

l?t'ize(y'” = ”GJQ(JA’) - Gf’(y)”i
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Viéc tao mot birc anh § cue tiéu hoa ham mat mat tai cau tao kiéu sé gitr lai cac
dic trung vé kiéu cach tir anh muc tiéu nhung khong giit lai cau tric khdng gian cua no.
Bén canh d6 dé thuc hién tai ciu tao kiéu tir mot tap cac 16p J thay vi mot 16p j don 18,
bai bao dinh nghia 12 (9, y) 1a tong cuia c&c ham mat mét cua cac 16p j € J.

style

2.6. Két luén

Chuong nay di trinh bay céc co sd 1y thuyét cua Central Difference Convolution,
dung thong tin chiéu sau cho khudén mit, residual network, va van dé thich ung mién ¢
thé gdp phai trong bai todn phat hién gia mao khudn mit va ¥ tudng nham khac phuc van
dé nay dua trén [55].

Chuong tiép theo s& mo ta qua trinh chuyén bi dit liéu, cac d6 do nham danh gia giai

phap cung céc thir nghiém dugc thuc hién va két qua cudi cung.
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CHUONG 3: THU NGHIEM VA PANH GIA

Chirong 3 sé trinh bay vé cac tdp dit lidu dwroc sir dung trong ludn van ciing nhir cdc
bueéc tien xir 1y dir ligu trong qué trinh thuc hién, md td ré hon cdc théng sé trong ting
thurc nghiém nhur da gici thiéu ¢ chirong 2 ciing két qud cia cac thuc nghiém dé, cudi cing
tir nhiing két qud ndy diwa ra mét sé nhdn xét.

3.1. Dir liéu thir nghiém
3.1.1. Tap dir liéu OULU

Tap dir li€u phat hién gia mao khuoén mat ctia Oulu-NPU bao gé)m 4950 video vé
cac cudc tAn cong, gia mao va khudn mit that. Cac video nay duoc quay bang camera trudc
cta sau thiét bi di dong (Samsung Galaxy S6 edge, HTC Desire EYE, MEIZU X5, ASUS
Zenfone Selfie, Sony XPERIA C5 Ultra Dual va OPPO N3) trong ba khoang thoi gian véi
cac diéu kién anh sang va canh nén khac nhau (Khoang thoi gian 1, Khoang thoi gian 2 va
khoang thoi gian 3). Cac kiéu tdn cong dugc xem xét trong tap dit lieu OULU-NPU I3 in
(printer) va phat lai video (replay attack). Cac cudc tin cong dugc tao ra bang cach sir dung
hai mdy in (Mdy in 1 va May in 2) va hai thiét bi hién thi (Man hinh 1 va Man hinh 2).
Hinh 3-1 cho théy mot sO hinh anh miu vé cac cudc tan cong va truy cap thuc dugc chup
bang dién thoai Samsung Galaxy S6 edge. Cac video ctia 55 ddi tugng duge chia thanh ba
tap con tach roi dé huin luyén, phat trién va kiém tra. Bang sau ddy cung cip tong quan
chi tiét vé& su phan chia trong tap dir liéu nay.

Bang 3-1: Thong tin chi tiét vé tap dir liéu

Users Real access Print attacks Video attacks Total

Training 20 360 720 720 1800
Development 15 270 540 540 1350
Test 20 360 T20 720 1800
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#

A M

Real Print 1 Print 2 Replay 1 Replay 2

Hinh 3-1: Mot s6 hinh anh vi du vé khudn mit thit va cic khudn mit gia mao

Trong qué trinh thyc hién, do tap dit liéu OULU qua 16n (hon 100Gb) nén luan van
da thuc hién thi nghiém trén mot tap con cua tap dir liéu géc. Cu thé v6i mdi video géc,
luan vin thuc hién tach timg khung hinh va sau @6 giir lai ngau nhién mét khung hinh duy
nhat. Tong dung lugng sau khi rat gon 1a 1Gb. Sau khi chia tap dit liéu theo mot cach chia
san c6 cia OULU, ludn vin st dung 1200 anh cho tap huin luyén (training), 900 anh cho

tap phat trién (development), 600 anh cho tap kiém thir (testing).

3.1.2. Tap dir liéu NUAA

Tap dit liéu NUAA dugc xay dung béng cach sir dung mot webcam giéd ré thong
thuong va duoc thu thap trong 3 khoang thoi gian khac nhau, moi khoang thoi gian cach 2
tuan, dia diém va diéu kién chiéu sang ctia khoang thoi gian ciing khac nhau. C6 tong cong
15 d6i twong (danh sb tir 1 dén 15) xuat hién trong tap dir liéu nay. Trong mdi khoang thdi
gian, tap dit liéu chtra ca anh chup truc tiép va anh chup gian tiép cia cac doi tuong. Mot
s6 hinh anh mAu tir khoang thoi gian duoc dua ra trong hinh 3-2. Cu thé, d6i v6i mdi ddi
tuong trong mdi khoang thoi gian, webcam dugc sir dung dé chup mot loat anh khuén mat
ctia ho (voi toc do khung hinh 20fps va 500 anh cho mbi ddi tugng).
Khi chup anh, mdi doi tuong dugc yéu cau nhin vao webcam truc dién va véi biéu cam
trung tinh va khong c6 chuyén dong rd rang nhu chuyén dong cta mat hoic dau. No6i cach
khac, mot d6i tugng dugc yéu cau lam cho cang gidng mot birc anh cang tot (nguoc lai d6i
v6i anh chup). Mot s6 vi du vé cac hinh anh da chup dwoc minh hoa trong hinh 3-2 (cot

bén tréi).
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Hinh 3-2: Hinh minh hoa tir tap dir liéu. Trong mdi cft (tir trén xudng duwéi) cac miu lan
lugt 1a tir khodng thoi gian 1, khodng théi gian 2 va khoang thoi gian 3. Trong mdi hang,
cap bén trai la hinh anh tir khuén mat that va cap bén phai la khuon mat gia mao. Luu y
rang né chira cac thay doi ngoai hinh khac nhau ma hé théng nhin dang khudn mit
thwong gip phai (vi du: gi6i tinh, kha ning chiéu sang, ¢6 / khong deo kinh). T4t ca anh

goc trong co s¢ dir liéu déu 13 anh mau c6 cung dd phan giai 640 x 480 pixel.

Trong qua trinh xay dung bo dit liéu, mdi dbi twong duoc chup anh d6 nét cao bang
may anh Canon thong thudng dam bao ving mit phai chiém it nhat 2/3 dién tich toan burc
anh. Sau d6, hinh anh gia mao duogc tao bang 2 cach. Pau tién 13 sir dung phuong phap
truyén théng dé in nhitng buc anh nay trén gidy anh véi kich thude pho bién lan luot 13
6,8cm x 10,2cm (nhd) va 8,9cm x 12,7cm (16n hon). Cach thu 2, mdi birc anh chat lugng
cao dugc in trén gidy A4 70g bang may in HP mau thong thuong. Dua trén nhimng diéu

nay, ba loai tin céng anh dugc mé phong trude webcam nhu trong hinh 3-3.
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Hinh 3-3: Hinh minh hoa cac cudc tin cong anh khac nhau (tir trai sang phai): (1) di

chuyén anh theo chiéu ngang, theo chiéu doc, phia sau va phia trwéc; (2) xoay anh theo
chiéu sau doc theo truc doc; (3) gidng véi (2) nhung doc theo truc hoanh; (4) bé cong anh

vao trong va ra ngoai theo truc tung; (5) gidng nhw (4) nhung doc theo truc hoanh.

3.2. Cac d¢ do

Pé c6 thé danh gia duoc cac thuat toan, mé hinh hoc sau duoc thir nghiém thi khéng
thé thiéu di dugc cac do do phu hop véi bai toan. Cy thé trong bai toan phét hién gia mao
Khuon mat, luan van st dung 3 d6 do chinh 1a APCER, BPCER va ACER.
Pé c6 thé hiéu rd hon vé cac do do nay, luan vin s& dinh nghia vé cac khai niém True
Positive (TP), True Negative (TN), False Positive (FP) va False Negative (FN).
Cu thé:
TP: La sb khudn mit gid mao dugc nhan ding khuon mat gia mao;
TN: La s6 khudn mat that dugc nhan ding 1a khuon mat that;
FP: La s6 khuon mat that bi nhan sai 1a khudén mat gia mao;

FN: La s6 khudn mit g1d mao bi nhan sai la khuén mat that;

Céc do do duoc dung trong luan van dugc dinh nghia cy thé nhu sau:
e Attack Presentation Classification Error Rate (APCER)
APCER =FN/ (TP + FN)
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e Bona Fide Presentation Classification Error Rate (BPCER):
BPCER=FP/ (FP + TN)
e Average Classification Error Rate (ACER):

ACER = (APCER + NPCER) / 2

3.3. Thuc nghiém
3.3.1. Thwe nghiém véi riéng mang resnet-34
O thyc nghiém ndy, mé hinh dang ding dé huin luyén 13 resnet-34 giir nguyén tir

bai bao gbc, trir 16p két ndi day di duoc thay doi dé tra vé phan bd xac suat ciia 2 nhan la
khuon mat gia mao va khuén mat that.
O thi nghiém nay céc thong s6 cho qua trinh huin luyén nhu sau:

e S6 lugng epoch: 300

e Optimizer 12 Adam véi learning rate 1a 0.001

e Loss function la Cross Entropy

e Pre-train model dugc huin luyén tur tap dir li¢u ImageNet

3.3.2. Thue nghiém véi mang resnet-34 két hop CDC

O thyc nghiém nay, cac 16p tich chap trong mang resnet-34 di duoc thay thé bai
CDC, cac thong s vé s6 luong epoch, optimizer, va loss function giéng voi & muc 3.3.1.
Thong s6 theta cho CDC duoc chon 14 0.7. Cac thong sb vé in channel, out channel, kernel
size, stride, padding dugc giit nguyén cua cac 16p tich chap twong ing da duoc thay thé.

Duéi ddy 1a phan mé ngudn ciia CDC sir dung PyTorch.
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1 class Conv2d_cd(nn.Module):

W oo~ ;v R ow N

NMRNNNRPRREPRERERREPRPE
WNRPOWOWNOUEWNR®

def __init_ (self, in_channels, out_channels, kernel_size=3, stride=1,
padding=1, dilation=1, groups=1, bias=False, theta=0.7):

super(Conv2d_cd, self).__init__ ()

self.conv = nn.Conv2d(in_channels, out_channels, kernel_size=kernel_size, stride=strid
dilation=dilation, groups=groups, bias=bias)

self.theta = theta

def forward(self, x):
out_normal = self.conv(x)

if math.fabs(self.theta - ©.8) < 1e-8:
return out_normal
else:
# pdb.set_trace()
[C_out, C_in, kernel_size, kernel_size] = self.conv.weight.shape
kernel_diff = self.conv.weight.sum(2).sum(2)
kernel_diff = kernel_diff[:, :, None, None]
out_diff = F.conv2d(input=x, weight=kernel diff, bias=self.conv.bias, stride=self.
groups=self.conv.groups)

return out_normal - self.theta * out_diff

bé thay thé toan bd 16p tich chap bﬁng CDC, luan van thyc hién duyét toan by mo hinh,

khi phét hién mot 16p 1a conv (tich chap) s& thuc hién thay thé bang CDC. Poan ma ngudn

dudi day thuc hién qua trinh nay.

1 def replace_layers(model, old):

00O~ OB WM

11
12
13
14
15

for n, module in model.named_children():
if len(list(module.children())) > ©:
replace_layers(module, old)

if isinstance(module, old):
new = Conv2d_cd(in_channels=module.in_channels,

out_channels=module.out_channels,
kernel_ size=module.kernel_size[@],
stride=module.stride[@],
padding=module.padding[@],
bias=False,
theta=0.7)

setattr(model, n, new)
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O cac thir nghiém trén, luan van sir dung cac phép bién doi anh dugc liét ké trong
bang dudi ddy, cac phép bién d6i dugc lua chon ¢ tham khao tir cic md hinh phén loai

anh duoc gidi thiéu boi PyTorch.

Bang 3-1: Cac phép bién d6i anh ¢ thi nghiém resnet-34 cing CDC
Phép bién doi Chu giai

RandomResizedCrop Chon ngau nhién mot vung dé crop va resize vé kich thuée

phu hop véi dau vao cia resnet-34

RandomHorizontalFlip Lat ngang btrc anh ngau nhién

Normalization Chuan héa gia tri ctia anh vé khoang [0, 1] véi mean =
[0.485, 0.456, 0.406] va std = [0.229, 0.224, 0.225]

3.3.3. Thuc nghiém v6i mang resnet-34 két hop CDC va thong tin chiéu siu

O thuc nghiém nay, cac 16p tich chap tiép tuc duoc thay thé boi CDC, tuy nhién 16p
két nbi diy du cudi cung duoc loai bo, thay vao d6 1a mot 16p upsampling dé dua kich
thudc cua feature map cudi cung tro vé 32x32.

Do qua trinh sinh ra mot anh chiéu sau can nhiéu thoi gian, do vay luan van thuc
hién sinh tit ca cac hinh anh chiéu sau cho tung khudn mat trude. Cu thé, v&i mdi buc anh
luan van str dung Multi-task Cascaded Convolutional Networks (MTCNN) dé phat hién
khudn mit trong tirg btrc anh d6, tiép theo sir dung PRNet d¢é sinh ra thong tin chiéu sau
cua khuén mat vira dugc phat hién.

Trong qua trinh huan luyén, cac hinh anh chiéu sau nay ciing s& dugc doc cung luc
vo1 hinh anh géc. Tuy nhién, ddi véi cac hinh anh gia mao, ludn van s€ thuc hi¢én khoi tao

lai ma tran chiéu sau véi toan bd cac gia tri trong ma tran 1a 0 (Hinh 3-4)
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Multi-frame Negative

|- -Single-frame-

Hinh 3-4: Vi du vé viéc tao ma trin chiéu siu trong qua trinh huén luyén

Bén canh d6, luan vin ciing st dung thém mot s6 phép bién doi dé lam da dang thém

dir liéu huan luyén. Cac phép bién d6i nay duoc chon twong tw nhu trong bai bao [44] duoc

liét ké tai bang sau:

Bang 3-2: Cac phép bién ddi anh ciia thi nghiém resnet-34, CDC va

thong tin chiéu sau

Phép bién doi

Chi giai

RandomErasing

Random Erasing Data Augmentation boi Zhong va

cong su [46]

Cutout

Chon ngau nhién mot khu vyce trén dnh va x6a den toan

bo khu vuc do

RandomHorizontalFlip

Lat ngang burc anh ngau nhién

Normalization

Chuan hoa gia tri ctua anh vé khoang [-1, 1], ddi véi

anh chiéu sau la khoang gia tri [0, 1]

Thong s6 cu thé cho qua trinh huan luyén nhu sau:

e S6 luong epoch: 300

e Optimizer l1a Adam vdi learning rate 1a 0.0001, weight_decay la 5e-4

e Loss function la absolute loss va contrastive loss

Trong d6, absolute loss chinh 13 ham mat mat MSE. Ham mét mat nay do luong sai

muc tiéu y.

s6 binh phuong trung binh (chuin L2 binh phuong) gitta mdi phan tir trong dau vao x va
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Vi didc thu 1a phéat hién gia mao, ham mét mat contrastive duge cho 1a gitip kién
triic hoc sdu hoc duoc cac chi tiét tbt hon [45].

Cu thé ham mat mat contrastive duoc tinh dua trén cong thirc sau:

contrast corntrast - cortrast - 2
Lp,'fngf;: - E ||K1 O Dﬁiu_qh: — Ki O DHE:
i

V6i Dy g1 12 matran chiéu sau sinh ra béi mang hoc sau st dung trong luén vin,
D 1a ma trén chiéu siu sinh ra boi PRNet. K£o™7%¢ 13 cac kernel tich chap twong phan

(contrastive convolution kernel) dugc liét ké cu thé duéi day.

100] [o10] [0o00O01] [0O0O]
0-10[ [0-10| |0-10 1-10
(000JoL0O0O0J, LO0O0J],[000];5
(000] [000] [OOO] [00O0]
0-11 0-10/ [0-10| |0-10
[000Js L1 00Js 0100015

Nhu cong thirc ctia ham mat mat contrastive, ta c6 thé thay dugc rang ham mat
mat nay nham muc dich hoc dic diém vé vi tri, dia hinh cia moi pixel, tir d6 dua ra cac
rang budc vé d6 twong phan tir pixel véi cac diém anh 1an can.

Cudi cung, ham mat mét str dung cudi 13 tong cua absolute loss va contrastive loss.

Duéi ddy 1a phan ma ngudn cho ham mat mat contrastive.
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1 def contrast_depth_conv{input, device):

3 i
3 compute contrast depth in both of (out, label)
4 iparam input: 32x32
5 rreturn: 8 x 32 x 32
a wana
7
g kernel_filter_list = [
9 [[1.» a, B'], [B, -1, B']: [B, a, @]]- [['B.- 1, 'B].- [9! -1, 9]: [B'.» a, B']]J
le [[e, e, 1], [e, -1, @], [@, @, @]],
11 [[e, @, @], [1, -1, @], [@, @, @]], [[e, &, @], [e, -1, 1], [@, @, @]],
1z [[e, @, 8], [0, -1, ®], [1, @, @]], [[e, &, @], [@, -1, @], [e, 1, @]],
13 [[B.r e, B].r [B-' -1, B]: [9, a, l]]
14 1
15
16 kernel_filter = np.array{kernel_filter_list, np.float32)
17
18 kernel_filter = torch.from_numpy{kernel filter.astype(np.float)).float(}
19 if device.type == "cuda':
2e kernel filter = kernel _filter.cuda()
21 # weights (in_channel, out_channel, kernel, kernel)
22 kernel filter = kernel filter.unsqueeze(dim=1})
23
24 input = input.unsqueeze(dim=1).expand(input.shape[®], 8, input.shape[1], input.shape[2])
25
26 contrast_depth = F.conv2d(input, weight=kernel_filter, groups=8) # depthwise conv
27
28 return contrast_depth
259
38
31 class ContrastDepthLoss{nn.Module):
32 def  init (self, device):
3z super{ContrastDepthLess, self).__init_ ()
34 self.device = device
35 return
36
37 def forward({self, out, label):
33 e
39 compute contrast depth in both of (out, label),
42 then get the loss of them
41 tf.atrous_convd match tf-versions: 1.4
42 ne
43 contrast_out = contrast_depth_conv(out, self.device)
Lz contrast_label = contrast_depth_conv(label, self.device)
45
46 criterion_MSE = nn.M5ELoss().to(device=self.device)
47
43 loss = criterion_MSE{contrast_out, contrast_label)
49 # loss = torch.pow(contrast_out - contrast_label, 2)
se # loss = torch.mean{loss)
51

52 return loss
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Pay 12 hinh anh vi dy chira thong tin chiéu sau duoc dung tir PRNet & qué trinh tién chuan

bi dir liéu:

Hinh 3-5: Vi du vé anh chiéu sau dwoc dung tir PRNet

3.3.4. So sanh cac két qua thir nghiém
Sau khi thuc nghiém véi 3 phuong an nhu trén, luan van thu duogc két qua sau:

Bang 3-3: Két qua thir nghiém

APCER BPCER ACER
Resnet-34 0.0958 0.175 0.1354
CDC + resnet-34 0.0313 0.266 0.1489
CDC + resnet-34 + thong tin chiéu sau 0.019 0.85 0.43

Qua két qua trén, véi d6 do APCER ti 1¢ 16i giam dan khi lan lugt két hop resnet-34

v6i CDC va anh chiéu sau, diéu ndy cho thiy rang CDC cung vé6i thong tin vé chiéu sau co
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tac dong tot trong viéc phat hién duoc cac trudng hop gia mao, khi ty 18 phat hién nham
khuon mat gid mao thanh khuén mat that la thép.

Tuy nhién diéu ngugc lai xuat hién & d6 do BPCER khi ty 1¢ 16i lai ting dan, dic
biét CDC + resnet-34 + thong tin chiéu sau lai c6 ti 18 16i 16n hon khé nhiéu so véi 2 thir
nghiém con lai.

Véi d6 do ACER la trung binh cong ctia hai d6 do trén thi resnet-34 c¢6 nhinh hon
mot chut so véi CDC + resnet-34 tuy nhién vdi muc dich l1a phat hién khuén mat gia mao
ma van can bang dugc 2 d6 do APCER va BPCER thi su két hop giita CDC va resnet-34
dang cho thay nhiing wu thé ciia phuwong phéap nay.

3.4. Thir nghiém GAN trong van dé thich irng mién

Nhu di trinh bay tai muc 2.5, d¢ huan luyén dugc mé hinh chuyén kiéu, dau vao s&
can 2 thanh phan gdm anh muyc tiéu kiéu (style target image, goi 1 anh 1) va anh myc tiéu
ndi dung (content target image, goi la anh 2), dau ra sé 1a mot birc anh két hop duogc kiéu

cua anh 1 va ndi dung cua anh 2.

Hinh 3-6: Tir trai sang phai 1a hinh anh thét va gia liy tir NUAA dé 1am anh kiéu muc
tiéu cho thuat toan [55]

Do bai toan phat hién gid mao khudén mat co 2 16p gém khuon mat that va khuon
mat gid mao nén s& can 2 mo hinh chuyén kiéu cho cac 16p nay. O thir nghiém nay, luan

van chon ra 1 ddi tuong trong tap dir liéu NUAA va léy ra 2 birc anh, mot burc anh that va
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mot birc anh gia mao ctia ngudi nay (Hinh 3-6) dé lam anh muc tiéu kiéu cho 2 mé hinh
chuyén kiéu (that va gia mao) hudn luyén véi tap dit liéu OULU, lac nay tip OULU déng
vai tro nhu la tap cac anh muc ti€u ndi dung. Cu thé, tap OULU dugc mo ta & muc 3.1.1
dugc chia lam 2 tap con: Mot tap gé)m cac anh that dugc dung huén luyén cho mo hinh
chuyén kiéu anh that, tap con lai gdm cac anh gia mao dwgc dung huin luyén cho mé hinh
chuyén kiéu anh gia mao. Qua trinh phan chia dir liéu duoc thé hién tai hinh 3-7.

ﬁ-.nh‘ﬂéu ﬁ.nh‘ﬂéu

vao Huén luyén mé hinh vao

chuyén kiéu cho anh j¢——
théat

Tap con
anh that

Tap con
anh giad
mao

H a H a —
’ﬁ‘n:éga“ Huér} luyén mé hinh P‘”:éga“ '—- 4
chuyén kieu cho anh j¢——

. -
la mao
g : v

Hinh 3-7: Qua trinh phén chia dit liéu cho huén luyén mé hinh chuyén kiéu

Dé huédn luyén cho mé hinh chuyén kiéu luan vin st dung cac thong s dau vao nhu sau:

e S6 luwong epoch: 300

e Batchsize: 4

e Content weight: 1e5

e Style weight: 1e10

e Learning rate: le-3

e Opimizer: Adam

Boi phuong phap [55] ¢6 muc tiéu 14 cuc tiéu hoa ham mat mat t6i wu nhat c6 thé

nén ludn van s€ danh gia phuong phap nay theo hai ti€u chi dinh tinh va dinh lugng. Tiéu
chi dinh tinh duoc thuc hién béng cach luan van stt dung moé hinh méi duge huén luyén dé

chuyén kiéu cho tap dit liéu OULU va quan sat bang mat thuong, trong khi d6 tiéu chi dinh
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luong s& duoc danh gia bang cach quan sat gia tri tong mat mat trong sudt qua trinh huan
luyén.
Vé két qua dinh tinh, tir hinh 3-8, luan vén thiy rang di liéu anh duoc chuyén kiéu

dang khac kha nhiéu so voi mét hinh anh chup thong thudng tir tip NUAA (Hinh 3-6)

‘ e — | - -v.-vvvvv_—sv-rv"wr WV‘:'V . |
‘ | L ‘ & 9 T % 7 y™ "7,"-‘. h‘@%? ﬂ

1

Hinh 3-8: Tir trai qua phai la anh that va dnh gia mao tir tip OULU da chuyén kiéu

Vé dinh luong, hinh 3-9 cho ta thiy dugc téng gia tri mat mat trong toan bd qua
trinh huén luyén, tong gia tri mat mat nam trong khoang 170000 va gan nhu khong thay

d6i quéa nhiéu tir epoch 150.
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Total Loss of [55] for Real Images Total Loss of [55] for Fake Images
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Hinh 3-9: Biéu d6 qua trinh thay doi tong gia tri mat mat ciia 2 mé hinh chuyén kiéu
Tir cac két qua trén, ludn van thdy rang viéc tng dung [55] dé tao dit liéu méi cho
bai toan phat hién gid mao khudén mat hi¢n chua dat dugc nhu ky vong cia y tudng ban

dau.

3.5. Két luan

Chuong nay da trinh bay vé céch thu thap dir liéu cua cac bg dir li¢u dugc st dung
trong luan vin, cing voi cac 4o do dung dé dénh gia cac mo hinh. Tiép theo d6 1a cac thong
sd cu thé d6i voi mdi thir nghiém. Qua d6 luan vin thiy rang, voi muc dich phat hién gia
mao khuon mat thi viéc ap dung CDC va thong tin chiéu sau da giam dugc ty 18 16i phat
hién sai cac truong hop gid mao thanh khong gia mao, tr d6 ddm bao dugc cho mot h¢
thong phat hién khudn mit try 1én dang tin cay va an toan hon. Trong khi d6, phuong phap
[55] hién tai chua thyc su phu hop dé giai quyét van dé thich tng mién trong bai toan phat

hién gia mao khudn mat.
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KET LUAN
Luan vin tap trung nghién ctru cac phuong phap nham phat hién duoc cac khuén mit
gida mao trong cac hé théng phat hién khuén mat va dat duoc cac két qua sau:
- Thuyc hién khao sat cac phuong phap phat hién gia mao khudén mat
- Nghién ctru va ap dung CDC, st dung anh chiéu siu cua khuén mit vao mang
resnet-34, so sanh vé tic dong cia cac ky thuat ndy trong viéc phat hién gia mao
khuon mat.
- Thir nghiém st dung mé hinh chuyén kiéu trong van dé thich tng mién
Trong twong lai, luan vin c6 thé tiép tuc dugc nghién ciru theo hudng giam do 15i trong
qua trinh phat hién khuon mit gia mao, dong thoi nghién ctru theo cac phuong phép khic

phuc van dé thich Gmg mién trong bai toan nay.
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