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LOI CAM DOAN

T6i cam doan rang dé an: “Ung dung mang no-ron nhén tao va phép bién
d6i Fourier dé phat hién hinh anh thé ciin cwéc gia mao” 1a cong trinh nghién ctru
ctia chinh t6i. Nhitng két qua nghién ctru dugc trinh bay trong dé an nay 13 cong trinh
clia riéng toi dudi sy huéng dan ciia TS. Nguyén Tat Thang, giang vién khoa Cong

nghé thong tin 1, Hoc vién Céng nghé Buu chinh Vién thong.

T61 cam doan cac so li¢u, két qua néu trong d€ an nay la trung thuc va chua
ting duoc ai cong bd trong bat ky cong trinh nao khac. Khong cé san pham, nghién
clru nao ctia ngudi khac duoc stir dung trong dé an ndy ma khong dugc trich dan theo

ding quy dinh.
Ha Noi, ngay thang nam

Nguoi thue hién dé 4n

Vo Minh Manh
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LOI CAM ON

Dé hoan thanh duoc dé an tot nghi¢p thac si, bén canh sy nghién ctru va phat
trién ctia ban than, 13 sy gitip d& nhiét tinh cua cac thiy c6 gido. Dau tién em xin giri
101 cam on dén cac thay co gido trong khoa Cong nghé thong tin 1 néi riéng va Hoc
vién Cong nghé Buu chinh Vién thong néi chung. Cac thiy c6 1a nhiing nguoi da
truyén tai cho em rat nhiéu kién thtrc quy bau hoc sudt hai nim hoc vira qua, nhiing

kién thirc d6 12 nén mong viing chic dé em xay dung dé an tét nghiép nay.

Tiép theo, em xin chin thanh cam on giang vién hudng dan TS. Nguyén Tat
Thing da dinh hudng va gitip dd em tan tinh trong sudt qua trinh thyc hién do 4n nay.
Cubi ciing, xin cam on thay c6 va doc gia da danh thoi gian quy bau dé nghién
ctru, phan bién d6 an tot nghiép. Nhitng nhan xét, dong gop cua thay co va doc gia

du nho nhat cling rat quan trong va ¢ gia tri.

Chuc cac thay co6 va doc gia nhiéu suc khoe!
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MO PAU
1. Ly do chon d@ tai

Trong bdi canh chuyén doi s dang dién ra manh mé trén toan ciu, viéc sir
dung gidy to tiy than nhu gidy ching minh nhan dén, thé cin cude cong dan, thé cin
cude, ho chiéu dé xac thuc danh tinh trén moi truong dién tr da trd thanh mot xu
huéng pho bién. Cac hé théng dinh danh dién tir hién nay dang dugc Gng dung trong
nhiéu linh vuc thiét yéu cua cudc séng nhu ngan hang sb, vi dién tu, thuong mai dién
tir va cac dich vu cong truc tuyén. Theo Hoang Lan va Hai Van (2023) [1], di c6
khoang 11,9 tri€u tai khoan ngan hang dugc tao thong qua hinh thirc dinh danh dién
tir va hau hét cac ngan hang tai Viét Nam déu d trién khai quy trinh nay. Thay vi yéu
cau nguoi dung phai dén truc tiép cac diém giao dich, hé théng dinh danh dién tir cho
phép thyc hién toan bd quy trinh xac thyc tir xa thong qua cac thiét bi dién tir c6 két
ndi Internet nhu dién thoai thong minh hoac may tinh. Viéc dinh danh dién tir nhanh
chong, tién loi va tiét kiém chi phi hon nhiéu so véi phuong thirc truyén thong nhu
gap mat truc tiép hay dbi chiéu hd so gidy. Piéu nay giup nang cao trai nghiém nguoi
dung va gop phan thiic day qua trinh s6 hoa dich vu, mé rong kha ning tiép can dén
nhiéu ddi tuong ¢ khu vuc vung sau, vung xa. Ngoai ra, dinh danh dién t&r con dong
vai tro quan trong trong vi¢c tang cuong tinh minh bach, nang cao hiéu qua quan ly
va kiém soat rai ro trong céac giao dich s6. Cac cong nghé nhu nhan dién khuén mt,
trich xuat ky ty quang hoc va phat hién gia mao hinh anh dang dugc ung dung rong

rii nhdm dam bao tinh chinh x4c va an toan cho quy trinh dinh danh dién tu.

Tuy nhién, bén canh nhiing lgi ich ké trén thi quy trinh dinh danh dién tir ciing
tiém 4an nhiéu rai ro vé an toan bao mat va gian 14n. Theo Pham Vinh (2024) [2], chi
trong nam 2023, 8.000 - 10.000 ti déng 1a tong sd tién ngudi dan bi cac dbi tuong lira
dao chiém doat trén khong gian mang, trong d6 cac vu lira dao lién quan dén linh vuc
tai chinh chiém dén 91%. Pay 1a con sé bao dong, phan anh mirc d6 phirc tap va tinh
vi ctia cac hanh vi Ira ddo tryc tuyén. Ké gian thuong sir dung cac tai khoan ngan

hang gid mao dé thuc hién hanh vi chiém doat tai san. Sau khi nhan duoc tién tir nan



nhan, chiing nhanh chéng chuyén khoan qua nhiéu tai khoan khac nhau nhdm x6a
dau vét, gay kho khin 16n cho lyc lugng chirc ning trong qua trinh diéu tra va truy
vét dong tién. Cac ddi twong xau thuong loi dung nhitng 16 hong trong quy trinh kiém
tra va xac thuc giéy tor dé thuc hién hanh vi gid mao, nham vuot qua h¢ théng dinh
danh ty dong. Muc ti€u cua cac hanh vi nay la gid mao danh tinh ctia nan nhan, dé
truy cap trai phép vao cac dich vu tai chinh hodc chiém doat thong tin c4 nhan phuc
vu cho muc dich ltra ddo. Do do, viéc tang cuong nang lyc phat hién cac hinh thirc
gia mao trén moi trudong dinh danh dién tir dang tré thanh mot yéu cau cap thiét trong
qua trinh trién khai hé thong dinh danh dién ttr. Cac giai phap két hop giira thi giac
may tinh, xt Iy anh sb va tri tué nhan tao dang duoc nghién ctru va tmg dung nhim
nang cao dg chinh xac, giam thiéu rui ro va bao vé cac hé théng khoi cac mbi de doa

ngay cang phtc tap.

Hién nay, cac cong ngh¢ tri tu¢ nhan tao nhu mang no-ron nhan tao ngay cang
phd bién. Ngoai ra, phép bién d6i Fourier ciing di dugc chirmg minh 13 cong cu manh
m& trong xtr 1y tin hiéu s6 va hinh anh, gitp phén tich cau tric tan s6 va phat hién cac
dau hiéu bat thudng trong hinh anh [3]. Viéc két hop hai cong cu ndy voi nhau va
g dung vao viéc phong chdng gian 1an trén moi truong dién tir s& c6 thé gitp giam
thiéu céc rui ro vé tai chinh cho nguoi dan. Chinh vi vay, viéc nghién ctru va thuc
nghiém d¢é tai “Ung dung mang no-ron nhén tao va phép bién d6i Fourier dé phat hién
hinh 4nh thé cin cudc gia mao” nham ap dung cac moé hinh hoc mdy tién tién, két hop
v6i phép bién ddi Fourier trong Xt 1y anh dé phat hién nhitng dau hiéu gia mao trong

hinh anh thé can cudc, 1am co s¢ dé cai tién hé thong dinh danh dién tir.
2. Tong quan vé van de nghién ciru

Céc t6 chuc can dinh danh dién tr nguoi dung s& phat trién cac tng dung trén
thiét bi di dong. Quy trinh dinh danh dién tir s& thudng sé trai qua ba budc. Budc mot:
thu nhan anh gidy to tiy than: hé théng yéu cau ngudi dung dit gidy to tiy than 1én
mit phang, sau d6 chup gidy to tly than d6 bang camera ciia thiét bi (bat budc chup

tryc tiép khi dung ting dung, khong cho phép ngudi dung tai anh c6 sin 1én). Hé théng



kiém tra xem anh d6 c6 phai 1a anh that hay khong. Anh that dwoc hiéu 1 anh dugc
ngudi dung chup truc tiép gidy to tiy than. Khi anh dau vao hop 18, ngudi dung sé
dugc chuyén qua budc hai: kiém tra sinh tric hoc khuén mat. Qua trinh nay c6 1ogic
hoat dong twong ty nhu budce thir nhat — yéu cau nguoi dung truc tiép quét khudn mit
cuia minh béng camera sau d6 kiém tra tinh chan thuc cta birc anh da chup. Budc ba,
trich xuat thong tin quang hoc tir gidy to tiy than va hinh anh khudén mit néu ca hai
budc trén déu hop 16. BE tai tip trung vao bai toan phat hién hinh anh gidy to tuy than
khong phai 14 anh that, cu thé 1 phat hién cac anh thé cin cude duge chup gian tiép
qua man hinh thiét bi dién tir khac. Viée nghién ctru duogc tién hanh qua hai nghién
cuu thanh phﬁn 1a (i) nghién ctru cac vu diém, nhugc diém khi st dung mang no-ron
nhan tao VGG16, phép bién d6i Fourier va cac bd loc tan sb trong viéc phat hién cac
yéu td gia mao trong thé can cudc va (ii) nghién ctru, xay dung va danh gid tinh kha
thi, tinh hiéu qua mdt mang no-ron nhén tao két hop giita VGG16 va phép bién doi
Fourier dé phat hién céc d4u hiéu gid mao cua hinh anh thé can cudce. Trén co so do,

dé an tot nghiép dugc trinh bay theo ba chuong nhu sau:

Chuong 1: Tong quan vé van dé hinh anh thé cin cudc gia mao.

Chuong 2: Phuong phéap phat hién hinh anh thé can cude gia mao

Chuong 3: Xay dung va danh gia mo hinh
3. Muc dich nghién ciru

Muc dich ctia nghién ctru 1a thir nghiém va danh gid mue dd hi€u qua cia vi¢e
sir dung mang no-ron nhan tao két hop v&i phép bién d6i Fourier trong phét hién hinh

anh thé can cudc gid mao. D€ hoan thanh muc tiéu nay, nghién ctru s€ tién hanh cac

nhiém vu sau:

- Nghién ctru dac trung ctia hinh anh thé can cudc va cac dau hi¢u nhan biét

gitra thé that va thé gia.

- Xay dung bd dir liéu hinh anh thé can cudc that va gia phuc vu cho qué trinh

huan luyén va kiém thir mo hinh.



- Nghién ctru chi tiét mé hinh mang no-ron nhan tao VGG16 va cach thirc nd

¢6 thé duge ap dung trong nhan dang hinh anh.

- Nghién ctru phép bién doi Fourier va img dung ctuia né trong xur 1y anh, dac

biét 1a trong viéc phat hién nhitng bt thuong vé tan sd cia hinh anh.

- Tim hiéu cach két hop giita mang no-ron nhan tao VGG16 va phép bién dbi

Fourier dé t6i wu hoa qua trinh phat hién hinh anh gia mao.

- Xay dyng mé hinh, tién hanh huan luyén mang no-ron, va danh gia két qua

qua cac tiéu chi nhu do chinh xac va hiéu suat cua mé hinh

Nghién ctru nay huéng dén viéc cung cip mot giai phap méi trong viéc chéng
gia mao gidy to tly than khi thuc hién dinh danh dién tir, gop phan nang cao tinh bao
mat cho cac hé thdng nay.

4. Pbi twong va pham vi nghién ciru
4.1. DBbi tugng nghién ctru

Déi tuong nghién ctru ctia dé tai 13 cac hinh anh gidy to tuy than, bao gdom:
gidy chirng minh nhan dan, thé cin cudc cong dan, thé cin cude, ho chiéu bao gom
cd hinh anh that va hinh anh gid mao.

4.2. Pham vi nghién ctru
a. Pham vi khong gian: B dit liéu ma nguén mo hinh anh thé cin cudc cong
khai trén Internet khoang 72.793 anh.
b. Pham vi thoi gian: Tir thang 8 nam 2024 dén thang 11 nam 2025.
5. Phuong phap nghién ciru

Str dung phuong phap nghién ctru dinh luong, bao gdm thu thap cac thong tin
va dir li¢u dudi dang s6 hoc, s6 liéu c6 tinh chat théng ké dé co duoc nhirng thong tin
co ban, tong quat vé dbi twong nghién ctru nhdm phyc vu muc dich théng ké, phan

tich.



CHUONG 1 - TONG QUAN VE VAN PE HINH ANH THE CAN CUOC GIA
MAO

1.1. Gi6i thiéu van dé phat hién hinh anh thé cin cuédc gid mao.

Mot trong nhitng diém chinh cua cic vu lira dao trén moéi truong dién tir 1a
viéc ké gian tao ra cac gidy to gia mao dé mé tai khoan ngan hang hoic gia mao danh
tinh nan nhan. Vi su hd tro cuia cong nghé hién dai, nhiing gidy to gia ndy ngay cang
tinh vi, kho phan biét v6i gidy to that. Hién nay, ky thuat gian l1an phd bién thuong
duoc ké gian sir dung 1a st dung hinh anh thé cin cudc gian tiép qua man hinh thiét
bi khac. Ké gian dung cac thiét bi nhu dién thoai, may tinh bang hoac may tinh dé
mo hinh anh cua gidy to r0i danh Iira hé thong rang d6 1a mot chiée thé cin cudce that
dé qua mat cac ung dung dinh danh dién tr. Vi du minh hoa cho hanh vi nay duoc
thé hién trong hinh 1.1. Hanh vi trén khong chi gay thiét hai nghiém trong vé kinh té
ma con lam suy giam niém tin cta ngudi dan vao cac hé théng tai chinh va dich vu
truc tuyén. Vi vay, vi¢c phat hi¢n va ngan chan kip thoi cac giéy to gia s€ dong vai

trd quan trong trong viéc giam thiéu cac vu lira déo trén khong gian mang.

Hinh 1.1: Minh hoa qua trinh dinh danh dién tu bc%ng thé can cuoc that (bén trai)

va thé can cuoc gia mao (bén phai)
1.2. Cac nghién ctru lién quan

Bai todn phat hién gid mao no6i chung va bai toan phat hi¢n thé can cudc gia

mao noi riéng 1a linh vuc thu hut nhiéu sy quan tam cia cong dong khoa hoc. Pa co



nhiéu nghién ctru vé linh vyc nay, tir phwong phap trich xuét dic trung don gian dén

nhing phuong phép hoc sau tién tién.

Polevoy va cong su (2022) [4] da st dung kién triic ResNet-50 [5] cho muc
dich phan loai hai nhin: anh that (anh thé cin cudc duoc chup truc tiép) va anh gia
mao (anh duoc chup lai tir anh cin cude hién thi trén thiét bi dién tir). St dung tham
s6 duoc huan luyén san trén tap dit liéu ImageNet [6]; dong bing 49 trén tong 50 16p;
thay thé ham softmax cudi thanh hai chiéu; st dung ham mat mat: binary cross-
entropy; sit dung ham t6i vu: Adam voi toe d6 hoc (learning rate) 0.1; Tac gia sir
dung bo dit liéu DLC-2021 [4] va MIDV-2020 [7] cho qua trinh huén luyén va danh
gia md hinh nay. Trong d6, qua trinh huan huyén sir dung 19.543 anh gia, va 25.980
anh that, qua trinh dénh gia sir dung 11.006 anh gia va 16.264 anh that. Két qua cho
théy Resnet-50 da thu dugc cho hiéu ndng tt, v6i do chinh xac (precision): 85.89%,

do phu (recall): 89.03%, va do chinh xac (accuracy) la 89.67%.

Kunina va cdng su [8] gidi thiéu mot bd phat hién anh chup man hinh gia mao
tap trung vao vung bién cua thé cin cudc. Céc dai hep doc theo mép anh can cudc
duoc 1am ndi bat va ap dung bién ddi Hough nhanh dé 1am 16 cac van nhiéu (moiré)
dang soc. Trén cung mot bo dit 1i€u cua Polevoy va cong su [4], phuong phdp nay dat
ddé chinh xac theo 16p duong (precision) 93,5%, dd bao phu (recall) 90,5% va do
chinh x4c tong thé (accuracy) dat 92,1%, ddng thdi chay nhanh hon khoang 1,5-2

N
A

lan.

Markham va cong su (2023) [9] di sir dung bon mé hinh tao sinh dé tao ra cac
hinh anh thé cin cudc gid mao, sau d6 huan luyén mang MobileNetV2 [10] dé phan
loai that gia. Dit liéu kiém thir dugce xay dung bing cach tong hop tir cac bo dit lidu
cong khai nhu: MIDV-2020 [7] va DLC-2021 [4]. Trén tap dit liéu kiém thir bao gdm
anh that va anh gia mao theo kiéu in 4n, hé théng ndy dat ty 1& 16i can br:ing (EER) chi
khoang 3.2% con trén tap dir liéu kiém thir bao gdm anh that va anh gia mao theo

kiéu anh man hinh, ty 1é 15i can bang (EER) dat 5.8%.



Al-Ghadi va cong su [11] gidi thiéu IDTrust - mot khung hoc sau dé phan biét
anh thé can cudc that voi thé gia mao ma khong can cdc mau tham chiéu. Nhom dé
xudt hai bién thé: DeepQD, str dung bo ma hoa CNN kém mot ddu phan loai nhi phan;
va GuidedDeepQD, bd sung buéc loc thong dai dua trén FFT & tién xur 1y dé nhan
manh nén va cac hoa tiét guilloche bi suy giam do qué trinh quét trude khi dua vao

CNN. M6 hinh dat d6 chinh x4c gan mirc tran trén bo dir liéu MIDV-2020 [7].

Zhang va cong sy [12] thuc hién mot tong hop vé cac phuong phéap phat hién
anh thé can cudc gia mao dua trén tri tu¢ nhan tao. Zhang va cong su téng hop 43
nghién ctru, phan loai cac hudng tiép can hién co, dong thoi chi ra nhitng wu diém,

han ché va cac thach thirc con bd ngo.

M6 rong hon, dbi véi bai toan phat hién khuon mat gia mao, Zeng va cong su
(CVPRW 2023) [13] giai quyét bai toan nay bang mo hinh hai nhanh mang no-ron
tich chap EfficientFormerV2 [14] trong d6 mot nhanh ding anh gdc, nhanh con lai
da duoc loc qua bo loc Gaussian va phép bién ddi Fourier, sau d6 dung m6-dun chi
y chéo da ting dé két hop dic trung. Trén bo dit litu Face Anti-Spoofing
Challenge@CVPR2023, m6 hinh nay dat mo6 hinh nay dat ty 1& 16i trung binh (ACER)
6.22% va xép thu tu trong cudc thi.

Yu va cong su. (2020) [15] ¢6 cach tiép can bai toan phat hién khuén mat gia
mao bang cach thay thé cac 10p mang tich chap thong thudng bang mang tich chap
chénh 1&ch tap trung (Central Difference Convolution) va két hgp thong tin cuong
d6, véc-to lwong giam (gradient) tai mdi diém anh. Kién trac nay cho két qua tot, dat
ty 1& 18i trung binh (ACER) thap (0.2%) trén bo dit liéu OULU-NPU nhanh Protocol-
1[16] va ty 1& 16i HTER 6.5% khi danh gia chéo trén bo dir licu CASIA-MFSD [17].

Céc phuong phap phat hién gid mao nay c6 xu hudng uu ti€n str dung cac moé
hinh hoc sau tién tién, mdi dugc cong bd gan day. Nhitng mé hinh nay thuong c¢6 quy
mo 16n, ciu trac phire tap, va yéu cau tai nguyén tinh toan dang ké dé huan luyén va

trién khai. Cac nghién ctru nay van chua quan tam nhic€u dén viéc khai thac cac kién



tric mang co ban, 6n dinh, dé trién khai va d& tinh chinh trong cac hé théng c6 yéu

cau cao vé toc do xu 1y thot gian thuc va to1 wu tai nguyén phan cung.
1.3. Giai phap gidi quyét van deé caa dé an

Viéc nghién ctru cac mo hinh truyén théng va co ban nhu VGG16 nhung chu
trong vao viéc tinh chinh kién trac mé hinh, tdi wu hoa tham sb hoan toan c6 thé mang
lai hi¢u qua 10 rét, tuong duong véi viée st dung cac mod hinh mai. Bay 1a mot hudng
tiép can kha thi. Do d6, dé 4n tap trung vao viéc t8i wu hoéa cac mé hinh co ban, tdng
cudng thiét ké kién trac méi dya trén nhitng mé hinh d6, xay dung chién luoc huan
luyén hiéu qua va st dung thém cac k¥ thuét xtr Iy anh dé nang cao tinh hiéu qué cho

bai toan phat hién hinh anh thé can cudc gia mao.

Mang no-ron nhan tao, dac biét 1a mang VGG16 thuong dugc s dung trong
viéc trich xuat va phan biét cac dic trung hinh anh. Trong khi d6 phép bién do6i Fourier
va cac bo loc tan sb thuong duoc ung dung dé 1am noi bat cac dic trung vé tan sb,
tinh vi, kho phat hién trong hinh anh théng thudng. Vi vay dé an trinh bay ¥ tudng
két hop mang no-ron nhan tao VGG16 vai phép bién d6i Fourier dé ting cuong kha
nang phat hién cac ddu hiéu gia mao trong hinh anh thé can cudc noi riéng va gidy to

tuy than no6i chung.

Dé 4an dugc trién khai theo ba giai doan. Pau tién, xay dung tap dir li€u hinh
anh thé can cudc, bao gdm dit liéu huin luyén, kiém tra va kiém thir. Tiép theo, xay
dyng, huan luyén va tinh chinh mé hinh. Qua trinh nay sir dung ngén ngir 1ap trinh
Python, thu vién hoc sau Pytorch, thu vién xir Iy anh OpenCV va cac cong cu hd tro
khéc. Cudi cung, danh gid mo6 hinh dudi hai khia canh 1a d chinh xac va hi¢u nang

hoat dong, dé)ng thoi so sanh vai mot sd mang khac dé kiém chirng d6 hi¢u qua.

Hudng nghién ctru ndy mo ra hudéng tiép can méi trong viée trién khai cac giai
phap dinh danh dién tir chi phi thap nhung d chinh xac cao, phu hop véi bdi canh

tai Viét Nam va cac qudc gia dang phat trién.



1.4. Két luan

Chuong nay da khai quat bai toan gia mao thé can cudc trén moi truong dinh
danh dién tir, 1am rd hinh thirc gian 1an gidy to tiy than bang phuong phap chup gian
tiép qua man hinh thiét bi khac, sau d6 néu cac nghién ciru lién quan dén bai toan nay
va phuong phép giai quyét van dé ciia dé an. Cac nghién ctru hién nay c6 han ché 1a
thudng tap trung vao moé hinh méi ma chua chu trong dén viéc tinh chinh, nang cao
hiéu sudt ctia cac mo hinh co ban va phat huy cac loi thé cia cac phuong phap xir 1y
anh nhu phép bién doi Fourier roi rac. Giai phap giai quyét van dé cua dé an 1a tap
trung vao mang no-ron VGG16 va phép bién doi Fourier, déng thoi nghién ctu
phuong an tich hop hai chién luoc nay dé tbi wu viée phat hi¢n thé can cudc gia mao.

Day 14 co s 1y thuyét co ban cho cac chuong sau.
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CHUONG 2 - PHUONG PHAP PHAT HIEN HINH ANH THE CAN CUOC
GIA MAO

2.1. Gi6i thiéu vé phép bién doi Fourier

Phép bién dbi Fourier 1a mot phwong phap toan hoc duge sir dung trong linh
vuc xu ly anh, nén hinh anh, kho6i phuyc hinh anh, xir Iy &m thanh, truyén thong s6, va

nhiéu linh vuc k¥ thuat — khoa hoc khac.
2.1.1. Phép bién dbi Fourier roi rac hai chiéu.

Phép bién d6i Fourier roi rac hai chiéu 1a phép tinh dua tin hiéu nhu tin hiéu
am thanh hoc tin hiéu hinh anh tir mién thoi gian hodc khong gian sang mién tan sd,
muc dich 12 phan giai tin hiéu d6 thanh téng cac thanh phan song sin hodc cos véi cac
tan s6 khac nhau [18]. Gia st ¢au vao 1a mot birc anh xam p(x, y), kich thuéc M x N,

phép bién doi Fourier roi rac hai chiéu cho birc anh nay nhu sau:

M-1N-1

Fpu,v) = )" ) plx,yye W) 23)

x=0 y=0

Véi p(x, y) 1a mot gia tri pixel & hang x c¢ot y; Fp(u, v) 1a ma tran phd tan sé twong
ung véiu=20,12,... M—1,v=20,1,2,...,N — 1. Phép bién ddi Fourier roi rac

nguoc dé chuyén Fp(u, v) thanh p(x, y) nhu sau:

M—-]N-1

pCey) =2 > Y Fpu, v)elr i) (2.4)

x=0 y=0

Hai phuong trinh trén tao thanh mét cip bién d6i Fourier roi rac, ky hiéula p(x,y)

Fp(u,v).

Cooley va Tukey dé xuit thuat toan bién doi Fourier roi rac nhanh (Fast

Fourier Transform - FFT), gitp t6i wu hoa chi phi tinh toan trén mdy tinh. FFT ap
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dung chién lugc "chia dé tri", giup giam dang ké do phuic tap tinh toan, tir O(N?)
xubng con O(NlogN) [18].

2.1.2. Nguyén 1y va cach thuc hién loc tin s6 bang phép bién doi Fourier trén anh.

2.1.2.1. Cac dic trung tan s trong anh

Phd tan s6 cung cip thong tin quan trong vé cAu tric va tinh toan ven cta hinh
anh ma mién khong gian kho hién thi. Theo R.C. Gonzalez, va R. E. Woods [3], su
phan bd ning lugng trong mién tan sd phan anh tryc tiép cac dic tinh hinh thai cua

anh:

- Tan s6 thap co lién quan dén cac thanh phan cudng do thay d6i cham trong

hinh anh (vi du: cac blrc trdng cia mot cin phong, bau troi khong may).

- Tan s0 cao la do sy chuyén do6i dot ngot vé cuong do (vi du: cac canh bién,

van nhiéu).

Trong mdt birc anh rd, c6 nhi€u vung tan s6 cao hon. Trong mot burc anh mo,
c6 nhi€u vung tan so6 thap hon. Ttr do c6 thé st dung mién tan so6 dé phan biét anh 1o
nét va anh mo.
2.1.2.2. Khai niém lgc tan so

Trong mién tan so, bd loc 1a mdt mat na phu 1€n pho tan s6 cia anh dé gitr lai
hodc loai bé mdt dai tan s6 nhat dinh. B0 loc tan s6 cao c6 tac dung loai bt hodc triét
tiéu cac thanh phan tan so thap, chi gitt lai cac thanh phan tan s6 cao, dong nghia cac

duong nét, chi tiét két cAu, duodng bién, canh s€ dugc gitr lai. Nguoc lai, bd loc tan sb

thap gitp loai bo cac chi tiét tan s6 cao va chi giir lai cdc thanh phan c6 tan s thap.
2.1.2.3. Cach thuc hién bo loc tan s6

Cho btrc anh dau vao 1a anh xam c6 kich thuéc M x N, mdi diém anh tai hang x, cot

y ¢6 gia tri p(x,y). Trong trudng hop birc anh dau vao 1a anh mau (anh RGB), cén
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thuc hién viéc chuyén anh sang anh xam theo cong the (2.5). Hinh 2.1 minh hoa qué

trinh chuyén do6i tir &nh mau sang anh xam.

p(x,y) = Y'(x,y) = 0.299R'(x,y) + 0.587G'(x,y) + 0.114B'(x,y)  (2.5)

Hinh 2.1: Anh xém (bén phdi) thu dwoc sau khi chuyén déi tie anh mau (bén trdi)
Dé thuc hién bd loc tan sb trén birc anh nay can thuc hién cac budc sau:
Budc 1: Chuyén anh tir mién khong gian sang mién tan sd

Ap dung cong thirc (2.4) vao btrc anh xam dau vao, thu dugc ma tran pho tin
s6 dau ra. Sau do, tién hanh dich phd tan s6 theo cong thirc (2.6) dé cac tan sé bang
0 s& nam tai vi tri trung tAm ctia ma tran, viéc dich phd nay giup dé dang quan sat mat
na tan s6 dudi dang vong tron déng tdm, cac tan sd thip nam xung quanh tim cta
phd, cac tan sb cao nam & bién, cling nhu d& dang thao tac véi cac bo loc & bude tiép

theo.

M N
Fpshire(u,v) = Fp ((u +?> mod M, (v +E> mod N) (2.6)

Quaé trinh nay dugc minh hoa trong hinh 2.2, hinh 2.3 va hinh 2.4 duéi day.
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(2.2) (2.3) (2.4)

Hinh 2.2: Anh xém goc.
Hinh 2.3: Anh phé tan sé Fourier

Hinh 2.4: Anh phé tan sé Fourier da dich chuyén tan sé 0 vé tam

Budc 2: Thiét ké bo loc tan s6

C6 ba loai bo loc phd bién cho bd loc tan sb 1a bd loc 1y tuwéng, bo loc
butterworth va bd loc Gaussian. Trong pham vi ctia dé an, chi gidi thicu vé bo loc ly

tuong.

Dinh nghia b loc thong thap 1y tudng:

_ 1;D(u1 U) S DO;
Hu,v) = {O,D(u, v) > D,, 27)
binh nghia bd loc thong cao 1y tudng:
_ (0,D(u,v) < Dy,
Hu,v) = {1,D(u, v) > D,, (28)
Véi:
My? Ny?
D(u,v) = \/(u—;) +(v-3) (2.9)

Va D, 1a ban kinh phan giit lai.
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Can luu ¥ chon gid tri D, phu hop. Trong bo loc tan s thap, néu D, qua nho
thi 4nh dau ra s& rit mo, nguoc lai néu Dy qua 16n thi chi loai bé dugc rat it phén
nhidu. Trong b loc tan s cao, néu D, qua nho thi s& giit lai gin nhu toan bo tan sd
cao, viéc loc khong hiéu qua, nguoc lai néu D, qué 16n thi s€ chi lam ndi bat duoc

nhitng chi tiét dot ngot, ca chi tiét thuc té khac s& bi loai bo hét.

Ve uvu diém, b0 loc tan so ly tudng s cat dirt hoan toan cac thanh phan tan so6
vugt ngudng, tuy nhién, nhugce diém la s€ tao nén mdt ranh gioi gitra phan da dugc
loai bd va phan con lai tuong d6i rd rang, din dén hién twong ringing, hay con goi 1a

hiéu ung Gibbs.
Budc 3. Ap dung bd loc vao anh tan s6 va bién ddi Fourier nguoc

Sau khi dd c6 bo loc H(u, v), c6 thé 1a loc tan sb thap hodc tan sb cao tiy nhu
cau st dung. Tién hanh ap dung bd loc vao anh theo cong thuc (2.10). Két qua thu
duoc G(u,v) 1a phd tan sé dd dugc loc, tirc 13 chi con cac thanh phan tan s mong

mudn. Qua trinh nay duoc minh hoa trong hinh 2.5, hinh 2.6 va hinh 2.7.

G(u,v) = Hw,v) X Fpgpire (U, v) (2.10)

(2.5) (2.6) (2.7)
Hinh 2.5: Anh phé tan s6 Fourier ban dau
Hinh 2.6: Mdt na tan sé cao véi ban kinh bcing 20.
Hinh 2.7: Anh phé tan sé Fourier sau khi dp dung mdt na
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bé co thé bién doi Fourier rdi rac ngugc, can tién hanh dua cac di€ém tan so

bang 0 vé goc theo cong thirc (2.11)
M N
Gunshirt(W V) = G (u + 7) mod M, (v + 5) mod N (2.11)

Ap dung cong thirc bién d6i Fourier roi rac nguoc (2.12) vao Gynshi re(u, ).
Két qua thu duoc g(x,y) 1 anh d3 loc trong mién khong gian. Qu4 trinh nay duoc
minh hoa trong hinh 2.8, hinh 2.9 va hinh 2.10 dud1 day.

M—-IN-1

1 (WX vy
glx,y) = mz z Gunshirt (W, v)eJZ”(M+N) (2.12)

x=0 y=0

(2.8) (2.9) (2.10)

Hinh 2.8: Anh phé tdn s6 Fourier sau khi da dp dung mdt na.
Hinh 2.9: Anh phé tan s6 Fourier khi dich nguoc

Hinh 2.10: Anh phé tan sé sau khi bién déi Fourier roi rac nguoc

2.2. Gi6i thi¢u vé mé hinh mang no-ron nhin tao VGG16
2.2.1. Gi6i thiéu vé hoc séu, mang no-ron nhéan tao.
Hoc sau 1a mot nhanh cua hoc may, cho phép xay dung cac mang no-ron nhan

tao dé bicu dién dir liéu va bién d6i dit liéu & cac murc d0 triru tuong khac nhau. Mang

no-ron nhan tao gdm nhic€u 16p chong 1én nhau. Cac 16p phia sau lién ti€p bién doi
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dau ra cua 16p lién trude thanh cac bi€u dién dac trung ngay cang rd rang va sac nét
hon. D€ tao ra mot mang no-ron nhan tao, thuong s€ can hai qua trinh co ban: Qua

trinh huan luyén va qua trinh ddnh gia mang.
2.2.1.1. Qua trinh huin luyén, ham mAt mat va qu4 trinh t6i wvu héa mang.

Trong mot 16 gdm B mau duoc st dung dé huin luyén mang, goi X =
(X1, X, ., X4), X € B 12 mot mau dau vao cua mang. Muc tiéu cta qué trinh huin
luyén 1a tim bo tham sb t6i vu W = (wy, W, ..., Wp,) sao cho nhin dau ra du doan
thu dugc khi di qua mang no-ron: y = f(X, W) cang gan vé6i nhan thyc té y cang tot

trén tap dir licu.

bé danh gia do khac biét gitra cac nhan dau ra du doan y véi nhan thuc te y,
can st dung mot ham danh gia dugc goi 1a ham mat mat. Con qua trinh t61 uu hoa dé
nhan du doan gan vo1 nhan thyc t€ sau moi budce huan luyén dugce goi la qué trinh t61

uu héa vée-to lugng giam (gradient). Him mat mat duoc dinh nghia nhu sau:

B
1
L=2> 16y (213)
n=1

Trong d6 1(,,, ¥,) 1a ham mét méat cho mot mau, ham méat mat thuong dugc

str dung c6 thé 13 Cross-Entropy, MSE, ...

Sau d6, sir dung gia tri L dé tim ra véc-to lugng giam (hay con goi 1a véc-to

gradient), véc-to ndy chi hudng ting nhanh nhat cia ham mat mat:

dL

= (2.14)

g

Cubi cung, tham s6 cia mang duoc cip nhat theo mot phuwong phap t6i wu hoa

gradient:

Wi = W —a X Age) (2.15)
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Trong d6 a 13 hé sb téc d6 hoc, W, 1a véc-to tham sb tai budc thit t, g, 13 véc-
to gradient tai budc thir t. A(g,) 1a thuét toan bién dich gradient, c6 thé la: Gradient
Descent, SGD, Adam, RMSProp.

Qua trinh nay lap di lap lai, mang s& dan tim duoc bd tham sé W t6i wu. Qua
trinh két thac khi du sb luong chu ky da cai dat hoac dat mot diéu kién danh gia mang

duoc cai dat nao do.
2.2.1.2. Qua trinh danh gid mang

Qua trinh danh gid mang 13 budc quan trong dé xac dinh muc do chinh xéac
ctia mé hinh trén nhitng dit liéu chua timg thy trong qua trinh huin luyén. Trong cic
mang no-ron giai quyét bai toan phan loai nhi phan, dau ra ciia mang s& gom hai nhén:
nhan duong (positive) hoac nhan am (negative). Dya vao nhan dy doan va nhan thuc

té, c6 thé chia két qua du doan thanh bdn phan, bao gom:
- TP (True Positive): du doan diing mau duong.
- FP (False Positive): du doan sai, du doan duong, thuc té 13 mau am.
- TN (True Negative): du doan dung mau am.
- FN (False Negative): du doan sai, dy doan am, thuc té 1a mau duong.

Tir nhitng chi so trén, c6 thé 1ap thanh cac chi s6 ddnh gia khac nhau dé danh
gia mang trén tap dit liéu kiém thir, tiy vao tinh chét bai toan phan loai, thuong sir

dung mot hoic két hop cac chi sé danh gia sau:

- Ma tran nham lan (confusion matrix): 1a mdt ma tran két hop tir bon chi s6

trén, thé hién s6 luong truong hop ding/sai du doan theo mdi chi sé.
- D6 chinh x4c tong thé (Accuracy):

TP+TN

A = 216
CeUracy = b F TN + FP + FN (2.16)
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- b6 chinh xac cua mau duong (Precision):

Precision = P (2.17)
recision = TP - FP )
- b6 phu cua mau duong (Recall):
Recall = P (2.18)
A= TP+ FN '

- Piém trung binh diéu hoa ctia mau duong (F1 Score):

2 - Precision - Recall
F, =

2.19
Precision + Recall ( )

Ngoai ra, trong cac bai toan phat hién gia mao, theo ISO/IEC 30107-3:2023
[19], APCER (Attack Presentation Classification Error Rate) tirc ti 1é mau gia bi phan
loai sai thanh nhan that va BPCER (Bona Fide Presentation Classification Error Rate)
tire ti 16 mAu that bi phan loai sai thanh nhan gia 1a hai chi s quan trong giup danh

gia do chinh xac va tin cdy ciia mang no-ron nhan tao.

APCER = FN (2.20)
" TP+ FN '

BPCER = kil (2.21)
" TN + FP '

Ngoai viéc do luong cac chi s6 vé d6 chinh xac cua mang, vi¢c do luong cac
thong s6 vé hiéu ning ciing rat quan trong, cac chi sé nay bao gom: s6 lwong tham s
(parameters), do phirc tap tinh toan (floating-point operations - FLOPs), tbc do thuc
thi (speed).

Qua trinh danh gid mang 13 budc trong yéu trong vong doi phat trién mé hinh
hoc sau. Viéc lua chon chi s6 danh gia phu hop dam bao md hinh dat hi¢u suat cao

va hoat dong hiéu qua trén dir liéu thuc té.
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2.2.2. Gidi thiéu vé mang no-ron tich chap

Mang no-ron tich chap 1a mot kién tric duoc thiét ké dé xir Iy dit liéu hinh anh
va céc dit liéu ¢6 cu tric ludi ma tran tin hiéu thoi gian. Diem khéc biét co ban ciia
mang no-ron tich chp so v6i mang no-ron truyén théng khac nim & cach thire xtr Iy
thong tin dau vao: thay vi trai phang véc-to anh dau vao sau d6 két ndi tuyén tinh
toan bo diém dir liéu vao tirng no-ron thi mang no-ron tich chap t6 chitc cac no-ron
thanh nhirng véc-to dac trung khong gian va thuc hién phép tich chap gitra bo loc va
céc ving cuc bd ctia anh. Cach tiép can nay giup mang hoc duoc cac dic trung khong

gian nhu canh, gbc, hoa tiét, déng thot giam thiéu sb lugng tham s6 can huan luyén.

Thanh phin co ban ctia mang no-ron tich chap bao gdm: 1ép tich chap
(convolutional layers), cac 16p kich hoat (activation layers), l6p gdp (pooling layers),
16p két ndi day du (fully connected layers), 16p chuan hoa (batch normalization

layers), 16p lugce bo (dropout).
2.2.2.1. Lop tich chap.

Lép tich chap (convolutional - Conv) 14 16p pho bién nhét trong mang no-ron
tich chap. Gia str, véc-to anh dau vao co kich thuéec H x W x C trong d6 H 1a chiéu
cao, W 1a chiéu rong, va C la s6 kénh mau. Mot 16p tich chap st dung K bd loc
(kernel/filter) F; kich thudc f X f, i < K mdi bo loc ¢6 s kénh bang €. Qua trinh
tich chap 1a phép lap mdi b loc F; trén toan véc-to dac trung anh, tinh tich vo hudéng
gifra trong s6 ctia bo loc va vung con tuong ung trén véc-to anh, sau d6 cong thém hé
s6 chéch 1éch (bias) va dua qua ham kich hoat. Két qua tao ra mot véc-to dau ra co

kich thudc(H' X W' x K), trong do:

H+ 2p —

H' = +fJ+1 (2.23)
W + 2p —

W' = +fj+1 (2.24)

v6i s 12 hé sd truot (slide), p 1a hé s6 kich thude bién (padding).
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Moi bo loc trong 16p tich chap chuyén trach nhan dién mot dic trung cu thé,
vi du canh, goc, hodc hoa tiét. Ban dau, trong sb cua cac bd loc duge khoi tao ngﬁu
nhién; sau do, thong qua qua trinh huin luyén, mang sé& diéu chinh cac bo loc nay sao
cho véc-to dau ra thé hién nhitng dic trung phi hop. Nho 4p dung nhidu bo loc song
song, 16p tich chap c6 thé phat hién dong thoi nhiéu dudng bién, két ciu, ciing nhu

cac mau vét phirc tap.
2.2.2.2. Lé6p kich hoat.

Sau khi thyc hién phép tich chap, dau ra thuong duoc dua qua 16p kich hoat
nhu ham ReLU (Rectified Linear Unit), ham Leaky ReLU, ham Sigmoid, ham
Softmax, ham Tanh,.... L&p kich hoat c6 tac dung giip mang hoc dugc nhiing dac
trung phirc tap hon, hoac gidm tai qua trinh tinh toén,... Vi dy, ham ReLU dugc dinh
nghia la f(x) = max(0, x) c6 tdc dung loai bo gia tri &m, gitp mo hinh hdi tu nhanh

va giam thiéu van dé tiéu bién gradient.
2.2.2.3. Lop gbp

L6p gop c6 nhiém vy giam kich thude ciia cac véc-to dac trung, tir d6 giam sd
lugng tham s6, ting kha nang khai quat hoa va giam thiéu van dé qua khép vao tap

huén luyén. Hai dang phd bién nhét cua 16p gdp 1a Max Pooling va Average Pooling.
2.2.2.4. Lép két nbi day du

Sau khi véc-to anh dau vao di qua chudi cac 16p mang trong khéi mang tich
chap trich xuét dic trung (chi yéu 1a 16p tich chap va 16p gop), mot véc-to dic trung
khong gian dau ra da duoc trich xuét va co dong. Tiép theo, can mot hodc nhiéu 16p
két ndi day du (fully-connected) 12 bd phan loai & cudi kién tric CNN. Lép cudi ciing
thuong c6 sd luong no-ron twong tng véi sd luong nhin cia bai toan. Ham kich hoat
Softmax duoc ap dung tai dau ra dé chuyén doi cac gia tri logit thanh phan phdi xac

suat du doan cho tirng phan 16p.
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2.2.2.5. Lop lugc bd

Lé6p luoc bo (dropout) nham ngin chin tinh trang qua khdp, bang cach ngiu
nhién v6 hiéu héa mot ty 18 p no-ron trong qua trinh hudn luyén. Khi d6, ma phai hoc
dugc dic trung phan tan & nhiéu no-ron khac nhau thay vi tip trung vao mot hoic

mot vai no-ron cu thé nao do.
2.2.2.6. L6p chuan hoéa tich chap

L&p chuan hoa tich chap nhan dir liéu dau vao cho mdi 16 nhod (mini-batch) va
chuan hoa gi tri sao cho ¢6 gia tri trung binh bang 0 va d6 1éch chuan bang 1, sau d6
nhan voi hé sb ty 16 ¥ va cong thém hé sé dich B. Muc dich chinh 1a dé giam hién
tugng thay doi phan phdi dau vao ciia mdi 16p theo qua trinh huan luyén. Piéu nay
cho phép dung qué trinh hudn luyén c6 thé dung hé so ti 18 hoc (learning rate) 16m

hon, t6i vu mo hinh nhanh hon.

2.2.3. M6 hinh mang no-ron VGG16

2.2.3.1. Lich sur ra doi.

Simonyan va Zisserman (2014) [20] d4 giéi thiéu vé cac cdu hinh mang khac
nhau ctia md hinh mang no-ron tich chap. Pic trung clia mang nay 1a viéc ting sb
luong 16p tich chap 1én so v&i phién ban trude ddy, va sit dung nhing ctra s6 loc co
kich thude rat nhé (3x3) thay vi sir dung ctra s6 loc ¢6 kich thude 16n hon nhu (5x5)
hay (7x7). Muc dich cta viéc ndy 13, (i) @& mo hinh c6 kha nang phan hoa tot hon, va
(ii) dé giam s6 luong tham sb trong mang. Céc cdu tric mang dugc Simonyan va

Zisserman gi6i thiéu duoc biéu thi & bang dudi day.

Tén cu hinh | S6 16p

A 11 16p bao gdm 8 16p tich chap va 3 16p két ndi day du
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A-LRN 11 16p bao gdm 8 16p tich chap va 3 16p két ndi day du nhung bd
sung thém 2 16p Chuan hoéa phan héi cuc bd (Local Response

Normalization - LRN) sau mdi hai 16p tich chap dau tién.

13 16p bao gém 10 16p tich chap va 3 16p két ndi day du

16 16p bao gém 13 16p tich chap va 3 16p két ndi day du

16 16p bao gdm 13 16p tich chap va 3 16p két ndi day du

W O O ™

19 16p bao gom 16 16p tich chap va 3 16p két ndi day du

Bang 2.1: Cdc cdu hinh khdc nhau cia mang no-ron tich chdp theo Simonyan va

Zisserman

Tén goi VGG16 1a tén goi khong chinh thirc, bat ngudn tir viée sir dung mang
no-ron tich chap véi cdu hinh D. VGG viét tit ciia to chtrc “Visual Geometry Group”,
mét té chirc khoa hoc k¥ thuat thuoc dai hoc Oxford, noi cong tac cia tac gia. 16 1a
s6 luong 16p no-ron trong mang, bao gom 13 16p mang tich chap va 3 16p mang két
nbi day du. VGG16 1a mot mo hinh tich chap hiéu qua trong viéc nhan dién va phan
loai hinh anh. Theo Simonyan & Zisserman (2014) [20], VGG16 dat dugc do chinh
xac 92.7% tap kiém thtr trén tap dir liéu ImageNet [6], xét theo chi s6 Top-5.

Tham s6 mang dugc huan luyén sin véi bo dir liéu ImageNet [6] thuong duoc

st dung trong k¥ thuat hoc chuyén giao nham rat ngin thoi gian huin luyén mang.
2.2.3.2 CAu triic mang

VGG16 c6 khoang 138 triéu tham s, trong d6 13 16p tich chap c6 khoang 18
triéu tham so, con lai 120 triéu tham sé ndm & ba 16p két ndi dﬁy du cudi cung. Hinh
anh diu vao duoc chuin hoa vé kich thude ¢ dinh 224x224 pixel véi 3 kénh mau
(RGB). Truéc khi dura vao mang, mdi pixel s& duorc trir di gid tri trung binh RGB tinh
trén toan bo tap hudn luyén. Tét ca cac 16p tich chap déu co hé s truot (stride) = 1

va hé sb dém bién (padding) = 1 dé giit nguyén kich thudc khong gian. Lp gop st
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dung Max Pooling v&i cira s6 2x2 va hé s6 truot (stride) = 2, 1am giam mot nira chiéu

rong va chi€u cao moi lan gop.

Chi tiét vé cac 16p mang cia VGG16 dugc thé hién trong bang 2.2

Khoi Lép Kich thwéc
diu ra
1 Conv (3%3, 64) + BatchNorm + ReLU 224 x 224 x 64
Conv (3%3, 64) + BN + ReLU + MaxPool (2x2, s=2) 112 x 112 x 64
2 Conv (3x3, 128) + BN + ReLU 112 x 112 x 128
Conv (3%3, 128) + BN + ReLU + MaxPool (2x2, s=2) | 56 x 56 x 128
3 Conv (3%3, 256) + BN + ReLU 56 x 56 x 256
Conv (3%3, 256) + BN + ReLLU 56 x 56 x 256
Conv (3%3, 256) + BN + ReLU + MaxPool (2x2, s=2) |28 x 28 x 256
4 Conv (3%3, 512) + BN + ReLLU 28 x 28 x 512
Conv (3%3, 512) + BN + ReLLU 28 x 28 x 512
Conv (3%3, 512) + BN + ReLU + MaxPool (2x2, s=2) | 14 x 14 x 512
5 Conv (3%3, 512) + BN + ReLLU 14 x 14 x 512
Conv (3x3, 512) + BN + ReLU 14 x 14 x 512
Conv (3%3,512) + BN + ReLU + MaxPool (2x2,s=2) |7 x7 x 512
6 Lam phang + Két ndi day du (4096) + ReLU + Dropout | 4096
Két ndi day du (4096) + ReLU + Dropout 4096
Két ndi day da (1000) + Softmax 1000

Bdng 2.2: Chi tiét cdu triic trong mang no-ron VGG16
2.2.3.3 Uu diém va nhuoc diém cia VGG16

Vé uu diém, VGG16 di ting s 16p tich chap giup mang hoc dugc cac dic
trung ngdy cang triru tugng hon, din dén do chinh xéac cao trén ImageNet [6]. Hon

nita, toan bd 16p tich chap déu cé kich thudce bd loc 3x3, toan b 16p két ndi day du
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déu ¢6 4096 no-ron & 2 16p dau, khién viéc cai dat va di€u chinh dé dang hon so vdi

cac mang pha tron nhiéu kich thuée bd loc.

Vé nhugc diém, kich thudc tham sé cia VGG16 kha 16n, chiém khoang
533MB véi 138 triéu tham sd. Dé trién khai mé hinh can b nhé 16n va kha nang tinh
toan cao. Vi vay, VGG16 khong phi hop cho nhitng hé théng yéu cau do tré thap

hodc bo nhé han ché.
2.2.3.4. Ung dung ciia VGG16

Mic du ra doi da 1au, tuy nhién VGG16 van duoc sir dung trong cac bai toan
phan loai anh, phat hién vat thé, trich xuat dic trung. VGG16 dugc huan luyén dé
phan loai 1000 doi tuong trén b dir liéu ImageNet [6], dat d0 chinh x4c khoang
71.3% theo chi s6 Top-1 va khoang 92.7% véi chi s Top-5. Dbi v6i cac bo dit licu
nhé hon nhu CIFAR-10, CIFAR-100 [21], VGG16 thuong dugc st dung trong
phuong phap hoc chuyén giao tir tham s6 dwgc hudn luyén sn, chi can tinh chinh
mot s6 10p cudi cung dé thich hop véi s6 lugng ddi trong méi. Ngoai ra, VGG16 con
dugc sir dung nhu mot b trich xuat dic trung bang cach sir dung cac khdi tich chap
dau tién dé trich xuat véc-to dic trung, sau d6 1am phang dé str dung trong cac bai
toan khac nhu bai toan huin luyén “zero-shot”. Nho két qua t6t va cau tric don gian,
VGG16 nhanh chong tré thanh nén tang cho nhiéu nghién ciru sau nay [22] [23] [24],
dic biét trong cac tmg dung hoc chuyén giao (transfer learning) va cac bai toan xur 1y

anh y té, xe tu 14i, v.v.
2.3. Gi6i thi¢u vé mé-dun tw chi y

Vaswani va cong su (2017) [25] da gidi thi€u md-dun ty chu y (self-attention).
N6 d3 tré thanh thanh phin quan trong trong nhiéu kién tric mang no-ron, nhét 1a
trong linh vuc xtr Iy ngdn ngilt tur nhién va thi gidc may tinh. Mo-dun tu cha y cho
phép mé hinh ty dong xac dinh mirc d6 lién quan giira cac thanh phan khac nhau
trong cting mot chudi dau vao, tir d6 cai thién kha niang hoc biéu dién va mdi quan hé

nglr canh.
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Vaswani va cong su nhan thiy cac kién tric mang no-ron hdi quy truyén thong
dua vao qué trinh tinh toan tuan ty theo budc thoi gian s& dan dén viéc huan luyén
song song gap nhiéu kho khan, dic biét voi cac chudi dau vao dai. Thém vao do, viée
van chuyén thong tin qua nhiéu 16p khién mang no-ron hoi quy truyén théng d& gip
van dé vé tiéu bién gradient hodc bung nd gradient. Vi vdy, Vaswani va cong sy da
thay thé hoan toan co ché xir Iy tuan tu bang mot phép toan cho phép xir 1y dong thoi
moi vi tri trong chudi, giip cai thién hi¢u nang tinh toan va kha nang hoc ngir canh

dai han.

Moé-dun tu chil ¥ ¢ muc tiéu tinh ton bd trong sd «; ; (hay con goi la trong sO
chu ¥) tir tip cac véc-to dic trung dau vao {xy, X5, ..., X, } nhdm biéu thi mic do “chi
¥ ma phan tir thr i danh cho phan tir thir j. BO trong sd ndy bao gdm ba thanh phan
chinh: ma tran Q (Query), K (Key) va V (Value).

- Query (Q): Tap hop cac véc-to {q;, qo, ..., g, } duogc sinh ra tir dau vao, dong

vai tro nhu cau truy van thong tin.

- Key (K): Tap hop cac véc-to {ky, k,, ..., k,} cling dugc tinh tir ciing dau vao,

dong vai tro nhu tir khoa dé tim truy van phu hop.

- Value (V): Téap hop cac véc-to {vy, vy, ..., v, } chira thong tin thuc sy dugc

truyén dén tang tiép theo.

Gia str ma tran dau vao X € R"™*%model | [§-gic ctia mo-dun tu cha y (self-

attention) trai qua cac budc sau:

Budc 1: Thuc hién phép chiéu tuyén tinh (Linear Projection) dé xy dung céc

ma tran Q, K, V tir véc-to dau vao:
Q=XW? K=XWK, v=xw" (2.25)

voi WO, WE, WV € R¥moderXdk
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Budc 2: Tinh tich vo hudng ti 1€ (Scaled Dot-Product):

T

Attention(Q,K,V) = softmax (Q

Jax

)V € R™ 4k (2.26)

trong d6 /d,, 12 hé sé chudn hoa nhdm tranh gia trj tich vé hudéng qua 16n khi kich

thudce chiéu tang, dan dén d¢ doc cua softmax qua nhd. Két qua 1a ma tran trong so

;o KT L A \ rA , A
chiy a = softmax (Q—) voi @ € R%mode*dk  Thong thudng, cic tang cua mo-

Vak
dun tu chu y (self-attention) s€ duogc ndi hodc cong dé tao thanh méo-dun tu chd v da

tang (multi-head attention).

Bén canh co ché ty chi y, Vaswani va cong sy cling gidi thiéu mo-dun cht y
chéo (cross-attention). Mo-dun cha ¥ chéo ¢6 cdu tric twong ty mo-dun ty chu v,
nhung cho phép mét chudi truy van tip trung vao cac vi tri quan trong ctia mot chudi
ngir canh khac. Co ché nay dic biét quan trong trong cac bai toan anh xa tir chudi
ngudn sang chudi dich, nhu trong bai toan dich may, khi dau ra tai mdi thoi diém can

quan sat cac vi tri phit hop trong ciu ngudn dé sinh token tiép theo.
2.4. Gi6i thiéu vé méd hinh VGG16 két hop phép bién doi Fourier.

Céc buc anh gia mao thuong chura cac dac trung khéc bi¢t. Hinh anh gid mao
thudng chira cac chi tiét nhu vién man hinh dién thoai, mép khung mady tinh. Nhiing
duong nét ndy sé& duge mang no-ron VGG16 trich xuat dic trung va phan loai. Yéu
t6 nay dong vai tro 1on trong viéc phat hién nhing bat thudng trong anh chup thé cin

cuoc.

Tuy nhién, néu chi dua vao cac dic trung khong gian truyén thong tir anh dau
vao co thé bo sot cac ddu hiéu nho trong anh gia mao nhu d6 mo rd cla anh, cac van
nhiéu,...Dé khic phuc han ché nay, tién hanh xir 1y hinh anh theo mién tin s6 nham
gitp nhiing khac biét gitra anh that va gia cé thé duoc khuéch dai va nhan dién rd

rang hon. Hinh anh thé can cudc gid mao thudong mang theo cac van soc tr man hinh
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thiét bi hién thi, va nhitng cu trac tan sb cao nay chi 16 rd khi 4p dung phép bién doi
Fourier két hop va1 bo loc tan s6 cao. Cu thé, sau khi tién hanh phan tich Fourier,
nhimg dai van ngang, doc c6 chu ky ngin, mot dic trung cua nhiéu man hinh LCD
hay LED, duoc khuéch dai hon, nh d6 d& dang phat hién dau hiéu gia mao. Hinh
2.11 14 vi du vé viée st dung bd loc tan s cao dé lam nodi bat cac soc van man hinh
trong anh gia mao. Mot dic trung khac 1a viéc chup gian tiép qua man hinh 1am cho
hinh 4nh md va nhoe hon nhiéu so véi viée chup tryc tiép. Dung bo loc tan sd cao
thong qua phép bién doi Fourier giup cho mo hinh c6 thé phan biét giita anh mo va

anh sic nét. Pay ciing mot dic trung quan trong dé phan biét anh gia mao.

Hinh 2.11: Cac soc van man hinh dwoc lam noi bat voi bo loc tan so cao voi mat na

6 ban kinh bang 8

Sau do, cac véc-to dac trung dAu ra tir hai nhanh néu trén s& dugc tich hop voi
nhau bang cach str dung mo-dun chi y chéo da tang (multi-heads cross-attention).
Phuong phap nay st dung nhiéu ting cia mo-dun ty cha y dé tong hop va chon loc
nhirng dic trung gitta hai ngudn thong tin: Co ché tu chi ¥ trong tirng nhanh nham
nhan manh nhing vi tri quan trong trong mdi khong gian dic trung. Co ché cha y
chéo giira hai nhanh dé khai thac méi quan hé twong hd giira thong tin khong gian va
tan sd. Co ché nay giup mo hinh tu dong hoc dugc cach chon loc va uu tién cac dac

trung t6t nhét, qua d6 cai thién hiéu ning nhan dang.
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Nhu vay, véi cach tiép can bang mang no-ron nhan tao VGG16 két hop véi st
dung phép bién doi Fourier va b lgc tan so cao s€ la cong cu hi€u qua nang cao do

chinh xac cho bai toan phat hién gia mao anh can cudc.

Kién tric VGG16 két hop phép bién d6i Fourier va bd loc tan s cao dd mé ra
mot hudng di hi¢u qua trong viéc ting cuong kha nang phat hién gia mao trén hinh

anh k¥ thuat s6, hd tro hiéu qua cho cac cong cu dinh danh di¢n tu.
2.5. Két ludn

Chuong nay dé cap dén cac Iy thuyét co sé va qua trinh nghién ciru cac thanh
phan tao nén mo hinh mang no-ron dé phat hién thé cin cude gia mao. Pau tién 1a Iy
thuyét vé phép bién d6i Fourier 1di rac cho anh ky thuat s6 va bo loc 1y tuong tan sb
cao. Thir hai 13 1y thuyét vé mang no-ron nhan tao VGG16 va céc thanh phan cta
mang ndy, cung véi phuong phap huan luyén va kiém thtr. Thir ba 1a 1y thuyét vé mé-
dun tir cha . Cudi cung 14 néu phuong phap két hop cac thanh phan ké trén lai véi
nhau dé tao thanh mét kién triic mang no-ron nhan tao tong thé, phat huy hiéu qua
ting thanh phan, vira khai thac duoc dic trung khong gian bang VGG16, vira tan
dung thanh phan tin sb cao qua phép bién d6i Fourier dé phat hién dau hiéu gia mao
tinh vi. Chuong nay da cung cip nén tang 1y thuyét day da va minh hoa cach thuc két

hop céac thanh phan, 1am co so trién khai thuc nghiém & chuong sau.
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CHUONG 3 - XAY DUNG VA PANH GIA MO HINH

Nhu di dé cap ¢ chuong 1, van dé gia mao thé cin cude trén moi truong dién
tir 14 mot van dé cip thiét trong bdi canh chuyén ddi sb rong rai nhu hién nay. Viée
mot ké tin cong st dung anh thé can cudc da chuyp tir trudce dé st dung vao cac muc
dich phi phdp nhu mao danh trén moi truong mang, gian 1an tai chinh dang tré thanh
thach thtrc 16n. O Viét Nam va nhiéu quoc gia trén thé gidi, thé cin cudc 1a gidy to
tuy than chinh thurc va dugc chép nhan rong rai. Do do, néu khong c6 co ché kiém tra
tinh hop 1¢ cta thé thi sé tiém an nguy co 13n 1on gitra anh thé that (duoc chup truc
tiép) va anh thé gia (anh chup lai tir man hinh thiét bj khac), gy ra rat nhiéu hé luy
cho nguoi dung. Cin cr vao nhitng 1y thuyét di phan tich ¢ chuong 2, chuong nay
tap trung vao viéc xay dung va dadnh gid mo hinh phat hién hinh anh gia mao tur dir
liéu thé can cude. Két qua can dat 1a mot mang no-ron nhan tao két hop dugc uu diém
ciia mang VGG16 va phép bién doi Fourier, mang nay c6 kién trac don gian, téc do
suy luan tot va c6 hiéu qua tét trong viéc phat hién anh thé gia mao. Ngoai ra, mo

hinh ciing phai c6 kha ning mé rong, dé cai tién va c6 thé bao tri 1au dai.
3.1. Phan tich bai toan phat hi¢n thé can cwéc gia mao

Bai toan phat hién thé can cudc gia mao la mdt bai toan phan loai nhi phan
(binary classification), trong d6: Anh that 1a nhitng birc anh dugc chup truc tiép va
chan thuc, trc 1a thé can cudc dugce dat trude camera, khong co bat ky budc trung
gian nio gy suy giam chét luong. Anh gia 1 anh thé can cudc hién thi trén thiét bi
dién tir (dién thoai, may tinh bang...) va chup lai bing thiét bi thu nhan anh. Dau vao
cua bai todn nay la mdt buc anh ky thuéat sb cua thé can cuée dinh dang RGB. DPaura
la mot nhan phan loai ro1 rac, trong d6: nhan am tuong duong vt “that” (“genuine’);

nhan duong tuong duong vdi nhan “gid mao” (“spoof™).

Dé khang dinh tinh dung dan va hiéu qua ciia mo hinh dé xuat, qua trinh thyc
nghiém trong dé an dugc thiét ké véi hai kich ban thir nghiém chinh: (1) dénh gia so

sanh véi cac nghién ctru trude ddy va (2) nghién ciru loai bo thanh phan.



30

Kich ban 1: danh gia so sanh hiéu qua va hiéu ning mé hinh. Tién hanh so
sanh tryc tiép mo hinh dé xuat véi hai mé hinh tham chiéu: (i) mé hinh DLC-2021
co s6 [4] va (ii) mo hinh Bo do nhiéu theo bién [8]. V& tiéu chi danh gia do chinh
xac: str dung cac chi so Precision, Recall va Accuracy. Ngoai ra, danh gia thém cac
chi s6 APCER (ty 18 phan loai sai anh gia) va BPCER (ty 18 phan loai sai anh that).
V& tiéu chi danh gia hiéu ning tinh toan: do ludng thoi gian thyc thi trung binh trén
CPU, s6 luong tham s va do phtec tap tinh toan (FLOPs). Kich ban ndy nhdm chtng
minh rﬁng mé hinh dé xuét khong chi dat d0 chinh xac twong duong hoac vuot trdi
so voi cac phuong phap hién c6 ma con dam bao duoc tée d6 xir Iy nhanh, tiéu ton it

tai nguyén va phu hop dé trién khai trén cac thiét bi str dung CPU.

Kich ban 2: nghién ctru loai bé thanh phﬁn. Tién hanh thay d6i hodc lugc bod
cac thanh phan cbt 161 trong kién tric dé xuat dé tao ra 03 mo hinh bién thé nhim
kiém chiing vai tro cua timg bd phan véi ba bién thé 1a (i) thay thé mo-dun chi ¥ chéo
da ting (Multi-head Cross Attention) bang co ché ghép nbi don gian (ConcatGAP);
(ii) Loai bé nhanh xtr 1y tan s6 (FFT), thay thé bang kién tric hai nhanh khong gian
VGG16 song song va (iii) Chi sir dung mét nhanh don duy nhét véi kién tric khung
VGG16, loai bo hoan toan co ché két hop va nhanh FFT. Thir nghiém nay nham
chting minh vai tro cia nhanh FFT: Khang dinh viéc bo sung thong tin mién tan s6
gitip md hinh nhan dién tot hon cac nhiu anh gia mao ma nhanh khéng gian don
thuan c6 thé bo sét. Pong thdi chimg minh hiéu qua ctia mo-dun cha ¥ chéo: Khang
dinh co ché nay gitp hop nhat linh hoat céac tin hiéu b6 tro giita mién khong gian va

tan s6 t6t hon so véi viéc ghép ndi don gian.
3.2. Xay dung tap dir liéu

DLC-2021 (Document Liveness Challenge 2021) [4] 12 m{t bd ditr li€u md
dugc khoi xuéng trong khudn kho cudce thi “Document Liveness Challenge” to chirc
niam 2021. Muc tiéu chinh caa DLC-2021 1 cung cip mét tip anh thuc va gia vé cac
loai gidy to tiy than, bao gdm thé cin cudc va ho chiéu dé nghién ctru va phat trién

cac phuong phap phat hién gia mao cta cac loai gidy to nay.
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V& cAu tric ctia bd dit lidu DLC-2021, s& c6 bdn thu muc: “or” tuong tng voi
“original” (anh that); “re” tuong ting vo1 “replay” (anh gid chyp tir man hinh); “cc”
tuong tng véi “color unlaminated copies” (anh in mau khong ép plastic, sau d6 chup
lai tir camera); “cg” twong Ung voi “grayscale unlaminated copies” (anh in den tring
khong ¢ép plastic, sau do chup lai tir camera); Trong mdi thu muc, ¢6 hai thu muc con
1a “images” (anh) va “annotations” (toa d chinh xac ctia thé cin cudc trong mdi anh).
Trong mdi thu muc or/images va re/images, c6 cac thu muc con, mdi thu muc con

dit tén theo ma_qubc gia + loai_gidy to, cu thé:
- alb_id (Thé can cudc Albania)
- esp_id (Thé can cudc Spain)
- in_id (Thé can cudc Finland)
- est_id (Thé can cudc Estonia)
- svk id (Thé can cudc Slovakia)
- aze_passport (Ho chiéu Azerbaijan)
- Iva_passport (Ho chiéu Latvia)
- grc_passport (HO chiéu Greece)
- stb_passport (Ho chiéu Serbia)
- rus_internalpassport (Ho chiéu qudc té Nga)

mdi thu muc nay lai chira ting thu muc con vi du re0001, re0002,... tuong trng voi
tung video hay 16 khung hinh, trong d6 c6 cac hinh anh JPEG la ting khung hinh da
duoc trich xuét. Ngoai ra, thu myc “annotations” chira cac thong tin bd nhu vi tri hinh
hoc ctia tai liéu va khudn mit trong ting khung hinh. Nho d6, c6 thé trich timg khung
hinh, 14y vi tri toa do chinh x4c cta gidy td trong birc anh. Tap dit liéu st dung 2 do

phan giai khung hinh 1a (1080px X 1920px) va (2160px X 3840px)
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MIDV-2020 (Mobile Identity Document Video-2020) [7] 1a mét bo dir liéu
mo vé phan tich gidy to tuy than, dugc xay dung tir 1.000 gidy to thudc 10 loai tai
lidu khac nhau (thé cin cude va ho chiéu cia 10 qudc gia). B dit liéu cung cap dong
thoi 1.000 video clip quay bang smartphone, 2.000 anh scan dd phén giai cao va 1.000
anh chup. V& ciu tric thu muc, bd dit liéu nay co cAu tric thu muc tuong tu vo1 DLC-
2021. Nho pham vi bao phu rong va chu trong vao tinh da dang cta ndi dung cling
nhu diéu kién chyup, MIDV-2020 thuong dugc dung nhu mdt tap dit liéu co sé cho
cac bai toan phat hién, phan loai loai giéiy td, nhan dang chir viét va kiém tra tinh that

- gia cua gidy to tiy than.

Trong khudn kho cta dé an, chi c6 nhan “or” (anh that) va “re” (anh gia chup
tir man hinh) dugc sir dung dé huan luyén va danh gia mo hinh. Nhan “or” s& dugc
goi 1a anh that (hay nhan “genuine”) va nhan “re” dugc goi la anh gia (hay nhan
“spoof”). Chia bd dir liéu thanh ba phan: huan luyén, kiém tra va kiém thir. Cach chia
tuan thu theo dé xuit cia DLC-2021 nhu sau: Tap hudn luyén va kiém tra st dung
25.980 anh that lay tir thu muc “MIDV-2020/clips”, 19.543 anh gia mao lay tir 3 thu
muc: esp_id, Iva_passport, va rus_internalpassport, sau d6 chia ngau nhién theo ti 1¢
tap huan luyén 80%, tap kiém tra 20%. Tap kiém thir bao gdm cac dit liéu duoc liét
ké trong danh sach: “screen_positive test.Ist” va “screen negative test.Ist”, tic
11.006 anh gia mao (nhan duong) va 16.264 anh that (nhan am), nhitng anh nay duogc
rut ra tir cac loai giéy td con lai cua DLC-2021 [4]. Céc vi du tiéu biéu tir bd dir lidu

dugc trinh bay 1an luot & hinh 3.1 va hinh 3.2.

Cau tric thuy myuc méi va s6 lugng anh mdi thu muyc duoc phan bo nhu sau:

Tén Chi tiét Tong
Anh that

DPuong dan: “/dlc-2021/train/genuine”
Tap huén luyén | S6 lugng anh: 20784

Anh gia

DPuong dan: “/dlc-2021/train/spoof” 36419
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S6 lwong anh: 15635

Anh that

Duong dan: “/dlc-2021/val/genuine”
) S6 lwong anh: 5196

Tép kiém tra . 9104
Anh gia

DPuong dan: “/dlc-2021/val/spoof”
S6 luong anh: 3908

Anh that

Duong dan: “/dlc-2021/test/genuine”
) S6 luong anh: 11006

Tap kiém thw : 27270
Anh gia

Duong dan: “/dlc-2021/test/spoof”
S6 lwong anh: 16264

Bang 3.1: Théng tin vé tdp dir liéu hudn luyén va kiém thir

Hinh 3.2: M{t s6 hinh anh c6 nhan “anh gia”
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3.3. X4y dung kién tric mang hoc siu.

Pé an str dung ngdn ngit 14p trinh Python va cac thu vién hoc sau PyTorch,
scikit-learn dé x4y dung kién tric mang hoc sau cho bai toan phat hién anh thé cin

cudc gid mao.
3.3.1. Kién truc tong quan ciia mang

Kién tric mang dé xuat gdm hai nhanh: nhanh thi nhat dé xtr 1y v6i anh gdc
(duoc goi 1a nhanh chinh), song song v6i nhanh nay 1 nhanh xir Iy v6i phép bién doi
Fourier (duoc goi 1a nhanh FFT). Hai nhanh nay sé& dugc két ndi lai véi nhau bang
mot mo-dun téng hop thong tin (mé-dun chi ¥ chéo da ting). Va cudi cing phan loai
dau ra bang mot mo dun phan loai. So do tong thé vé ludng ctia mé hinh duwoc minh

hoa trong hinh 3.3.

Pau vao cua mang 1a mot 16 gdbm B anh c6 kich thudc tiéu chuan
(1080px X 1920px) hodc (2160px X 3840px) (dinh dang 3 kénh mau RGB), va
chuyén phd diém anh tir [0; 255] tro thanh [0; 1].

M6-qunCNN | (g 256 28, 28)
»| v&i khung VGG16
cho nhanh chinh
A

A

Mb-dun tién xir Iy
(B,3,224, 224) bién ddi Fourier r&i rac nhanh a
Mé-dun
két hop co ché loc tan sé cao PR
chu y chéo
da tang

M6-Gun
phan loai ,

A

M6-dun CNN
v@i khung VGG 16
cho nhanh FFT | (B. 256, 28, 28)

. (B, 3,224, 224) :
------------------------ Nhanh FFT - ---===mm=nmmmmmmmnmzon-d

Hinh 3.3: SO’ o tong thé vé mé hinh mang VGG16 két hop phép bién doi Fourier
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Trong nhanh chinh, anh ddu vao (anh gdc, dinh dang RGB) s& dugc tién xur 1y

bang cach cit mot hinh vudng quanh tdm cin cude voi kich thude 16n (896 x 896)
nham cit duogc nhiéu chi tiét tong thé cta anh, roi dua vao mang CNN véi khung
VGG16. Cac 16p tich chap giip mo hinh kha nang hoc duoc cac dac trung nhu canh,
hinh dang, két cau. Pbi v4i bai toan phan biét hinh anh cin cudc that — gia, cac dic
trung tir nhanh ndy gitp mo hinh nim bét hinh thai tong thé cua dbi twong trong anh.
Tiép theo. tién hanh chuan hoa dau vao theo chuan ImageNet [6] voi trung binh u =
[0.485,0.456,0.406] va do léch chuan o = [0.229,0.224, 0.225]), hoan vi chiéu,

diéu chinh kich thudc anh vé kich thude (B, 3, 224, 224) va dua vé dinh dang tensor.
Sau d6 dua vao mang no-ron khung VGG16 (ctra s6: 3x3, 16p gdp max-pooling sau
mbi khdi), chi giit lai dén hét khdi thar 3 dé giam thiéu kich thudc ctia mang. Pau ra

cua nhanh 1a mot tensor ddc trung véi kich thude (B, 256, 28, 28).

O nhéanh phu, con goi la nhanh FFT, anh s€ duoc tién xur 1y trudce bé“mg cach
cit quanh tdm cin cude mot 6 vudng kich thudc nho hon (448 x 448), chuyén thanh
anh xam va xir Iy qua phép bién doi Fourier roi rac hai chiéu va b loc 1y tudng tan
s6 cao dé gitr lai thanh phén tan s cao (thuc nghi€ém chon ban kinh matna H = 8),
muc dich 13 ting cudng cac duong nét nhd, kho ndm bat nhu van soc nhiéu, va 1am
ndi bat hon sy chénh 1éch vé do sic nét trong anh that va anh gia, con cac thanh phén
tan s6 thap - biéu dién thong tin tong thé - s& bi loai bo. Sau d6, anh pho tan sb sau
khi 4p dung bd loc duge bién d6i nguoc tro lai mién khong gian thong qua phép bién
ddi Fourier nguoc, tao thanh dnh mdéi chi con nhirng déc trung tan sd cao. Anh nay
dugc dua qua nhdnh mang no-ron VGG16 th hai, nhanh nay gitip mo hinh nhén biét
mdt biéu dién bd sung, hd tro phat hién cac dAu hiéu khong dé quan sat trong khong
gian thi gidc thong thuong. Dau ra 14 tensor dic trung ciing c6 kich thude (B, 256,
28, 28).

Sau khi ¢6 dugc hai tensor dac trung, ti€p tuc dua hai tensor ndy vao mo-dun
chu y chéo da tang dé mo hinh hoc céc twong tac, moi lién hé¢ gitra dac trung mién

khong gian (dic trung tir nhanh chinh) va nhitng dic trung dugc khuéch dai bing bo
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loc tan s6 cao (dic trung tir nhanh FFT). Dau ra 1a tensor c6 kich thuée (B, 512) tich

hop thong tin hai nhanh, sin sang dua vao tang két n6i ddy du dé phan loai nhi phan.

Tang phan loai nhi phan c¢6 dau vao: tensor dic trung c6 do dai 512 tir bude
trén. Xt 1y qua ba 16p két ndi day du (c6 thé kém 16p chuan hoa tich chp), roi dén

16p kich hoat softmax dé tra vé dau ra cho 2 16p (“genuine” va “spoof”).

Vé uu diém ctiia moé hinh hai nhanh VGG16 két hop phép bién d6i Fourier,
viéc két hop dic trung hinh anh theo ca hai mién khong gian va tan sé gitp ting kha
nang phan biét cac mau kho, giam thiéu sé tham sé can huan luyén, ting toc do huan

luyén cho mo6 hinh.
Chi tiét xur 1y trong timng mo-dun duoc trinh bay trong cc phan dudi.

3.3.2. Mo-dun tién xir 1y: phép bién doi Fourier roi rac nhanh két hop co ché loc tan

sO cao

bé phuc vu cho nhanh FFT, can chuan bi dau vao cho nhanh nay. Sau khi xtr

1y, s€ thu dugc anh da loc tan so cao. Tién hanh ap dung tuan tu cac budc sau:
- Budce 1: Cat va chuan hoa vung can quan tam

Thay vi xr 1y toan bo khung hinh, tién hanh xac dinh vi tri tim cua thé cin
cudc trong tAm anh, tiép theo cit ving 6 vudng ndm & tAm anh véi kich thude nhu
sau: mgt vung lén L; = 896 X 896 va mot vung nho hon L, = 448 X 448. C4 hai
ving cit sau d6 déu duoc chinh kich thudc vé 224 x 224, san sang dua vao mo hinh
dé xtr Iy. Anh duogc cat theo L; dugc dua vao nhanh khong gian (VGG16), trong khi
anh duoc cét theo L, dugc dwa vao nhanh tan sd (FFT). L, dong vai trd cung cip
vung ngtt canh rong hon cho cac dac trung khong gian, con L, tap trung vao cac chi
tiét vi mé (vi du: van nhiéu), tir d6 giup mé hinh hoc duoc cac dic trung phan biét rd

hon giita hinh anh gidy to dinh danh that va gia mao.

- Budc 2: Bién do1 Fourier ro1 rac nhanh, dich anh va ap dung bé loc
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Pit H = 224,W = 224 lan luot 13 kich thudc chiéu dai va chiéu rong cta

anh. Tién hanh chuyén anh thanh dnh xam theo cong thirc (3.1)
Xgray(i,j) = 0.2989R(i,j) + 0.5870G(i,j) + 0.1140B(i, j) (3.1)
voii € [0,H—1]; je[o,W —1]; x € [0,1]

Két qua thu duoc tensor Xgray Kich thu6e (B, 1, H, W). Ap dung phép bién ddi Fourier
r0i rac nhanh va phép dich FFTShift 1én anh xam bang cong thirc (3.2) va (3.3)

X = FFT(x4rqy) (3.2)
Xs(u,v) = FFTShift(X(u,v)) (3.3)
voiu € [—g,g —-1|; v e [—%,% — 1]

Xay dung ludi toa do U,V voi Uy, = m —

[0,H—-1]; ne [0, W —1].
Tao mat na loc dang nhi phan theo cong thire (3.4) véi ban kinh cua mat na r = 8:

LU, + V2, = r?

k2d(m, ={
mask2d(mn) =1, g2 4 y2 o g2

(3.4)
Ap dung mit na mask2d 1én anh dé gii lai cac thanh phan tan sb cao theo cong thirc
(3.5)
Xy, = Xs © mask2d (3.5)
- Budce 3: Dich nguoc va bién d6i nguoc:

Tiép tuc thuc hién dich ngugc trong mién tan sd (IFFTShift), sau do ap dung

Bién d6i Fourier nguoc (IFFT) dé tai tao lai anh thanh phén tan s cao theo (3.6)
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Xup = IFFT (IFFTSRift(X},)) (3.6)

Két qua thu dugc Xpp la mot tensor phirc gd6m phan thue va phan ao. Dé sir dung cho

mo6 hinh hoc sdu, 1y d6 16n (magnitude) cta tensor nay theo cong thirc (3.7)
mag(xy,) = |Re(xhp) +i Im(xhp)| (3.7)
Cubi cung, ap dung bién d6i log dé nén mién gia trj ctia anh tan s6 cao. Phép bién doi

nay giup gidm anh hudng cua cac gid tri bién qua 16n va 1am ndi bat chi tiét nho trong

anh.
hpi,g = In (1 + mag(xhp)) (3.8)

- Budc 4: Chuan hoéa cuc ti€u — cuc dai

Sau khi thyc hién cac phép bién d6i Fourier, anh c6 cac gia tri khong nam trong
khoang cb dinh (c6 thé rat 16n hodc rat nho). Vi vay, chuan hoa cuc tiéu — cuc dai
gitip nén gi trj anh vé khoang [0, 1], giup moé hinh hoc siu d& x Iy hon. Tién hanh
1am phang toan bo hpy, g vé tensor bang cach tinh m,y,;,, theo (3.9). Sau d6 chuan hoa

theo cong thuc (3.10).

Mmin = r(rllbr)l hplog (0, ) Mgy = r(riegi hplog @) (3.9

hplog — Mpin

(3.10)
Mpmax — Mmin + &

hpgray =

Vi € = 1078 d@é tranh chia cho 0. Két qua thu duogc tensor (B, 1, 224, 224)
nam trong khoang [0,1]. Do mang VGG16 yéu cau dau vao 3 kénh, tién hanh lip 3
lan tensor bang cong thuc (3.11) dé thu dugc dau vao hop 1& co kich thudc

(B, 3,224,224).

hprgp = tile(Apgray, [1,3,1,1]) (3.11)
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Cubi cting chuan héa theo chuan ImageNet voi trung binh u = [ug, tig, Hg] =
[0.485,0.456,0.406] va do léch chuin o = [0, 0, 053] = [0.229,0.224,0.225]
theo tirng kénh R, G, B nhu sau:

_ hprgb —H

hprg bnorm — o (3 1 2)

Sau 4 budc thu dugce tensor (B, 3,224, 224) san sang dua vao nhanh FFT.

3.3.3. Mo-dun mang no-ron tich chap khung sir dung kién traic VGG16

Trong md-dun nay, st dung kién tric VGG16 va chi 1ay 3 16p dau tién trong

mang dé giam thiéu kich thudc. Kich thude chi tiét cac 16p duoc thé hién trong bang

3.2.

Khoi | Lép Thong s6 k§ thuat Kich thuéc dau ra

Pau vao | - - (B, 3, 224, 224)

1 Conv2D Conv (3%3, 64) (B, 64, 224, 224)
Conv2D Conv (3%3, 64) (B, 64, 224, 224)
MaxPool MaxPool (2x2, s=2) (B, 64,112, 112)

2 Conv2D Conv (3%3, 128) (B, 128,112, 112)
Conv2D Conv (3%3, 128) (B, 128,112, 112)
MaxPool MaxPool (2%2, s=2) (B, 128, 56, 56)

3 Conv2D Conv (3%3, 256) (B, 256, 56, 56)
Conv2D Conv (3%3, 256) (B, 256, 56, 56)
Conv2D Conv (3%3, 256) (B, 256, 56, 56)
MaxPool MaxPool (2%x2, s=2) (B, 256, 28, 28)

Bang 3.2:

Chi tiét cdu triic mang no-ron tich chdp khung sir dung kién triic VGGI16
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Ca hai nhanh déu dung phuong phap hoc chuyén giao v6i tham sé duoc huin
luyén san trén trén ImageNet [6] nham tin dung kha ning trich dic trung tong quat

san c6 va tiét kiém thoi gian huan luyén.
3.3.4. Mb-dun chu ¥ chéo da tang

Sau khi c6 hai tensor dic trung déu c6 kich thuée (B, 256, 28, 28), dé mang
c¢6 kha nang hoc mdi quan hé twong hd giita dic trung trong anh gdc va dic trung va
thong tin tin s cao, can xdy dung mot mo-dun sir dung k¥ thuat chu ¥ chéo da tang.
Mo-dun nay cho phép mdi don vi trong anh RGB “chi1 y”” dén nhiing vi tri tuong tmg
hoac lién quan trong anh da loc tan sb cao, va nguoc lai, qua do tao mbi lién két va
tong hop tir hai ngudn ngit nghia. Sau cuing, xuat ra mot tensor co kich thuéc D,,,
= 512 dé dwa vao mo-dun phan loai. So dd cac 16p trong md-dun chi y chéo da tang

duoc thé hién trong hinh 3.4.

num_heads = 16

—>Q  Msé-dun |
»|K chuychéo > +
Lam phang ,ly dating |

(256, 28, 28)
global average

pooling
num_heads = 16
Lam phang > ° Mé-dun (512,)
. —_— Lk cnuycheo (512,784)

»v da tang
(256, 28, 28)

Hinh 3.4: Minh hoa cdc I6p trong mé-dun chii y chéo da tang

Gia sir dau vao cta mo-dun nay 13 hai tensor tir bude 3.3.3 ¢6 dang Fgrep €
REXCHXW " po € REXCHXW trong @6 B 1a kich thuéce 16, C = 256, H = W = 28,

qua trinh hoat dong cia mo-dun nay nhu sau:

1. Chuyén dbi dinh dang cta tensor dau vao tr B X C X H x W thanh
(HW) x B x C bang cach sir dung phép lam phing (flatten) va hoan vi chiéu

(permute) dé st dung v6i mo-dun chu ¥ chéo da tang.
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FRfégt = Permute(Flatten(FRGB)) € RHW)IXBXC

FF];j?t = Permute(Flatten(FFFT)) € RHEWIXBXC

2. Tao céc tensor dau vao Query, Key, Value

_ pflat
QRGB - FRGB WQ | RGB

_ pflat

KRGB - FRGB WK|RBG
_ pflat

VRGB - FRGB WV|RBG

Va

_ pflat
QFFT - FFFT WQ | FFT

_ pflat
KFFT - FFFT WK | FFT

_ pflat
VFFT - FFFT WV|FFT

3. Tinh gié tri chu y chéo da tang:

(3.13)

(3.14)

(3.15)

(3.16)

(3.17)

(3.18)

(3.19)

(3.20)

D¢ mang c6 kha nang ghi nhd dugce nhiéu moi quan hé 1ién két, sir dung mang

cht ¥ chéo da tang (multi-heads cross-attention) v&i Npeeqs = 16 va dj, = d,, =

c

Nheads

a. Tinh gid tri chii y chéo ctia anh FFT dén anh RGB:

. Qree K2
AttentlonRGB(_FFT = Softmax <M VFFT € R(HW)XBde

[

b. Tinh gia tri chu ¥ chéo ctia anh RGB dén anh FFT:

(3.21)
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T
QFFT KRGB

Jax

4. Lép tuyén tinh két hop két qua attention

Attentiongpr pep = Softmax< )VRGB € RHWIxBxdy (3.22)

Sau khi tinh Attentionggg.ppr va Attentionppr. reg, moi moé-dun Attention
thu dugc nye.qs tang, mdi khdi cé kich thude (HW) X B x d,,. Bé c6 kich thuée
(HW) x B x C nhu ban dau, can phai lam phang ching bang phép lam phang
(flatten). Sau d6, str dung mot 16p tuyén tinh dé két hop dau ra cua cac tang.

Zres = Linear(Flatten(Attentionggg.ppr)) € RHWIXEXC (3.23)
Zgpr = Linear(Flatten(Attentionppr pgp)) € RHEWIXEXC (3.24)

5. Hau xtr 1y cac tensor.

Ap dung k¥ thuat cong truc tiép dau vao véi dau ra ciia mo-dun hoc nham bao

toan thong tin ban dau trong trudng hop mé hinh chwa hoc tot:
Zrep = Zrgp t FRféZt (3.25)
Zppr = Zppr t+ ij;l;lt (3.26)

Céch 1am nay gitp giam nguy co mat mét dic trung quan trong trong qua trinh huan

luyén. Sau do, tiép tuc hoan vi chiéu cua hai tensor dé chuan bi cho budc tiép theo:
ZRGB = Permute(ZRGB) (S RBXCX(HW) (327)
ZFFT = PeT'mute (ZFFT) € RBXCX(HW) (328)

Ap dung phép gop trung binh toan cuc (global average pooling) dé thu duoc tensor
kich thudée B X C

ZRGB = GAP(ZRGBI dlm = 2) € RBXC (329)
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Zpepr = GAP(Zgppr, dim = 2) € REXC (3.30)
Cubi cung ndi hai tensor dé thu duoc mot tensor chung:
Z = Concat(Zggg, Zrpr) € REX2C (3.31)
3.3.5. M6-dun phan loai

Sau khi hoan tat qua trinh két hop dic trung tir hai nhanh chinh va nhanh FFT, thu
duogc tensor dau ra Z c6 kich thude (B, 2C), trong 46 C = 256 1a sb chiéu dic trung
tir moi nhanh. Tensor Z sau d6 dugc dua vao mot mo-dun phan loai g@)m ba tﬁng két
nbi day du, c6 vai tro trich loc va phan tach dic trung cudi cung dé phuc vu cho nhiém

vu phan loai. Minh hoa vé céc 16p trong md-dun nay dugc thé hién trong hinh 3.5.

(2.)

— (64.)

(512,)

Hinh 3.5: Minh hoa cac lop trong mo-dun phan logi
CAu trac ctia mo-dun nay nhu sau:
1. Khbi két ni day du 1:
h, = DropOut(ReLU(BatchNorm(W,Z + b,)), ) (3.32)

véi Wy, € REX2C (chon K = 512); by 1 véc-to hé s6 chénh 1éch (bias); € 1a ti 1¢

luong no-ron trong 16p d6 bi loai bo (c6 thé chon & = 0.5)
2. Khbi két ndi day du 2:

h, = DropOut(ReLU(BatchNorm(W,h, + b)), €) (3.33)
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v6i W, € RP*K 13 tham s6 ctia 10p (c6 thé chon H = 64); b, véc-to hé sé chénh 1éch

(bias); ¢ 1a ti 1& lugng no-ron trong 16p d6 bi loai bo (c6 thé chon € = 0.5)
3. Khéi két ndi day du 3:
output = hy = W3h, + b, (3.34)

v6i Wy € R?*H 1a tham sb cua 16p, trong d6 2 1a sb luong dau ra, trong Gmg v6i nhin

“that” va “gia”; b, 1a véc-to hé s6 chénh léch (bias).
3.4. HAm mat mat va qua trinh t6i wu hoa

Sau khi qua mo-dun phén loai, dau ra ciia mé hinh 12 mot tensor c6 hai phan
tir, twong (g ‘that va ‘gia, gid st z = (3, 5;) va nhan thuc té y € {0,1}. Ap dung
ham Softmax dé chuyén d6i thanh xéac suat:

e’

pi = m, voii € {0,1} (3.35)

Ham mat mat duoc str dung 1a Cross-Entropy Loss nhi phan:

B
1
L=2 1y (3.36)
n=1
[(z,,y,) = CELoss(z,,y,) = — log (pyn) (3.37)

Sau d6, mo hinh s& tinh tensor luong giam (gradient) dwa vao ham mat mat vira tim

dugc. Cong thire tim tensor tham s6 tai budc thir t nhu sau:

ol

= w, (3.38)

Ii
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Tiép theo, tién hanh t6i wu hoa ham mat mat theo phuwong phap Adam. it hé sb tdc
d6 hoc (learning rate) 1a @ = 10™* va € = 1078 dé tranh miu s6 bang 0, cong thirc

to1 uvu hoa nhu sau:

W, =W, ,—Qa (3.39)

me
\/?t+s

Voéi:

o my _ _ +(1—-8)
my = 1- (8¢ B’ my = fyme_q B1)G:

=

V¢ . _ .
t = Tﬁz)t s Ve =P + (1 ﬁz)(gt)z

Trong d6, m, 1 ham tich liiy moment bac nhat, va v, 1a ham tich liiy moment
bac hai. g; la tensor gradient. §; € [0,1) thuong c6 gia tri §; = 0.9,5, € [0,1)
thuong c6 gia tri B, = 0.999. Khi t = 0, ham tich liiy moment bac nhat va ham tich

Ity moment bac hai c6 gia tri khéi tao la my = 0 va vy = 0.

Véi cach thiét 1ap nay, phuong phap Adam 1a sy két hop nhitng wu diém tir
hai thuat toan toi wu hda RMSProp va SGD, nhd ¢6 mé hinh ¢c6 thé hoc dugc nhiing
ddc trung phuec tap tir hai nhanh, qua trinh hd1 tu nhanh ma khéng qua bi quéa khop

vao tap huan luyén.

3.5. Huén luyén va danh gia mé hinh.

3.5.1. Cai dat va huan luyén mé hinh.

Trong qua trinh huan luyén, tién hanh thiét 1ap kich thudc 16 (batch size) B =
64. Dit liéu duoc nap song song qua 7 ludng (workers) dé tdi wu héa téc do doc va
tién xir 1y, dong thoi ap dung phép hoan vi ngau nhién (shuffle) trudc khi xép cac 16
dé dam bao tinh da dang va giam thiéu su phu thudc trinh ty mau, qua d6 ting tinh

khai quat va giup mo hinh tranh hoc cac mau lip lai mot cach may moc. Qua trinh
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huén luyén duogc trién khai trén nén tang Google Colab v6i GPU L4 (24 GB b6 nhé
GDDRG6, Hb tro déy du CUDA 11.x+, cuDNN va TensorRT) [26]. V&1 viéc tich hop
CUDA driver va PyTorch Lightning, GPU nay duoc truy cap truc tiép qua API
torch.cuda trong qua trinh huan luyén, giup giam dang ké thoi gian chay so véi CPU

truyén thong.

Mo hinh két hop gitta VGG16 va nhanh xir 1y tan s6 (FFT Branch) da duoc
huén luyén trong 5 chu ky (epochs), v6i tong cong 3644 budc (steps), st dung khoang
20.5 GB VRAM GPU dé tang toc xir Iy. Trong qué trinh huan luyén, mo hinh sir dung
t6i wu hoa AdamW véi toc dd hoc ¢b dinh Ir = 1075, Trong qua trinh huan luyén
mang, tién hanh theo ddi gia tri ciia ham mat mat. Trong qua trinh hudn luyén, mé
hinh str dung chién lugc dimg sém (early stopping) dé tranh qua khép. O mdi epoch,
néu gia tri ham mat mat ctia ham kiém tra khong giam so véi gid tri tot nhat trude d6
trong 2 chu ky lién tiép (patience = 2), qua trinh huan luyén s& tu dong dimng lai. Xu
huong thay d6i cua ham mat mat cua tap dir liéu huin luyén va tap dir liéu kiém tra

duoc biéu thi trong hinh 3.6.

ra
[

train/total_loss J-F- val/total_loss l;r- o

0.2 0.1

0.15 0.08

0.06

0.04
0.03

1,000 1,500 2000 2500 3000 323644 X 1000 1500 2000 2500 3000 33644 X
“

Hinh 3.6: Biéu do thé hién gia tri cua ham madt mdt cia tdp dir liéu hudn luyén

(trdi) va tdp dir liéu kiém tra (phdi) trong qud trinh hudn luyén mang

Biéu d6 thé hién rd xu hudng giam on dinh cia ham mat mat cta tap dit licu
huan luyén va kiém tra theo thoi gian huén luyén. Giai doan dau (khoang 1500 budc)
ham mat mat cua tap kiém tra giam rat nhanh tir gia tri ban dau khoang 0.2 xubng

dué6i 0.1. Pay 1a giai doan ma mé hinh tiép thu nhirng dic trung co ban tir dit liéu



47

huén luyén. Giai doan giita (1500 budrc tiép theo) toc do giam cham lai, dao dong nhe
xung quanh muc 0.1 — 0.03, cho thdy mé hinh dang hoc nhiing dic trung phtc tap
hon. Giai doan cubi (600 budc) ham mat mat dao dong rat nhe xung quanh 0.02. Tong
thoi gian huén luyén khoang 50 phut. Mrc do hoi tu on dinh, khong xuét hién dao
dong bat thudng hodc ting gia tri mat mat tré lai. M6 hinh dat hiéu suat huan luyén

t6t, thé hién qua duong cong ham mat mat giam déu va hoi tu nhanh.
3.5.2. Banh gia mo6 hinh.

Sau khi hoan tét giai doan huan luyén, sir dung tap dit liéu kiém thtr theo dung
khuon miu ctia DLC-2021 [4] d¢ danh gia hiéu ning mé hinh. Viéc danh gia duoc
tién hanh véi cac chi sb: precision, recall va accuracy. Viéc danh gia cac chi sb nay
nham dong bd vé6i cac md hinh tham chiéu nhu DLC-2021 co s& [4] va phuong phap
do nhiéu theo bién [8]. Ngoai ra, cac chi s6 FLOPs, sb lugng tham $b (Param), Tdc
d6 suy luan trung binh (Speed) cling duoc danh gia. Két qua kiém thir cac chi s trén
ba mé hinh: DLC-2021 co s&, Bé do nhiéu theo bién va VGG16+FFT duoc thé hién
trong bang 3.3.

Model Precision (%) Recall (%) Accuracy (%)
DLC-2021 co so 85.89 89.03 89.67
B6 do nhiéu theo bién 93.5 90.2 92.1
VGG16+FFT 90.62 92.49 91.71
Bdng 3.3: Két qua do trén mé hinh DLC-2021 co s6, BY do nhiéu theo bién va
VGGI6+FFT

Véi ciing bo dit 1iéu va phuong phap danh gia, nhin chung, ca ba mé hinh déu
cho két qua tdt. VGG16+FFT ¢6 accuracy dat 91.71%, precision dat 90,62% va recall
dat 92.49%, vuot trdi hon so voi moé hinh DLC-2021 co sd. Khi so sanh véi B do
nhidu theo bién, VGG16+FFT chi kém nhe vé accuracy (91.71% so v6i 92.1%) va
precision (90.62% so véi 93.5%), nhung dat recall cao hon (92.49% so voi 90.2%),

cho thdy mé hinh dé xuét wu tién kha ning phat hién diy du cac miu gia mao trong
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khi van duy tri d6 chinh x4c tong thé. Nhin chung, cac két qua & Bang 3.3 khang dinh
VGGI16+FFT 1a mot phwong 4n mo hinh héa hiéu qua va on dinh cho bai toan phat
hién gid mao trén tap dir licu DLC-2021.

Dé danh gia tbc d6 thuc thi cia mo hinh, tién hanh do thoi gian xur 1y trung
binh trén hai thu myc grc_passport/01.0r0004 (thu muc chira anh ho chiéu Greece
that) va grc_passport/01.re0001 (thu muc chira anh ho chiéu Greece gia mao). CPU
Intel Xeon @ 2.20 GHz (x86-64), 6 nhan / 12 ludng duogc sir dung 1am méi truong
kiém thtr cho tirng mé hinh. Trén mdi thu muc, cic mé hinh dugc chay véi cling quy
trinh tién xtr Iy va cdu hinh suy luan nhu trong kién tric ma mé hinh dé xuét; thoi
gian xu ly cho tung anh dugc ghi nhan, sau do léy trung binh dé thu duoc tde d6 suy

luan tinh theo gidy/anh. Két qua tong hop duoc trinh bay trong Bang 3.4.

Model grc_passport/01.0r0004 | grc_passport/01.re0001
DLC-2021 co s¢ 0.147 0.151
B6 do nhiéu theo bién - -
VGG16+FFT 0.120 0.120

Bang 3.4: Két qua thoi gian thuwc thiee thi trung binh trén CPU Intel Xeon @ 2.20
GHz (x86-64), 6 nhdn / 12 luong

Két qua cho thdy, trén CPU Intel Xeon @ 2.20 GHz (x86-64), 6 nhan/12 ludng,
VGGI16+FFT t6n 0.120 s dé xa Iy mot anh cho ca truong hop anh that va gia mao,
vuot troi so véi DLC-2021 co s¢ (0.147-0.151 s/anh trén cung céc tép). Thoi gian

chay ctia mo hinh By do nhiéu theo bién khong co san trong cau hinh nay (Bang 2).

Vé sb lugng tham s6, VGG16+FFT chi st dung khoang 4 tri¢u tham sd, chiém
khoang 42MB, it hon rét nhiéu so v6i VGG16 gbc. M6 hinh VGG16 + FFT ¢6 d6
phirc tap khoang 40,95 GFLOPs, chii yéu do kién tric hai nhanh két hop véi mo-dun
chu ¥ chéo da tang, vn yéu cau nhiéu phép bién d6i sb cuong d6 cao. VGG16 + FFT
dat BPCER (mau that bj phan loai nham thanh gida mao) thép, chi 9.03% va APCER
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(miu gid mao bi phan loai nham thanh that) & muc 7.51%, cho thdy mé hinh c¢6 do

nhay cao v&i cac dau hi¢u gia mao.

Tém lai, trong cung giao thirc danh gia, VGG16+FFT dat két qua tét, d6 chinh
xac x4p xi phuong phap do nhiéu theo bién va tét hon dang ké so voi DLC-2021 co
sO trén cac mau da do. Nhitng két qua nay cho thdy mé hinh dé xuét phu hop véi cac

kich ban trién khai doi hoi ca do tin cay va suy luan hiéu qua trén CPU.
3.5.3. Nghién ciru loai bo thanh phan

Tét ca cac khao sat loai bo thanh phﬁn déu tuan theo cung mdt bd dir liéu huén
luyén, kiém tra, kiém thtr va phuong phap danh gia (theo DLC-2021 [4]). Céc chi s6
danh gia bao gdm precision, recall va accuracy. Ldy VGG16+FFT (md hinh d¢ xuét)

voi precision 90.62%, recall 92.49%, accuracy 91.71% lam méc tham chiéu.
Cac khao sat sau da duoc thuc hién:

1. Thay mo-dun cha y chéo da ting bang md dun ghép ndi don gian
(ConcatGAP): Ghép nbi don gian rdi ap dung Global Average Pooling dé tron hai

nhanh khong gian va nhanh FFT lai véi nhau.

2. Thay VGG16+FFT bang hai kénh VGG16: Loai bo nhanh FFT; thay bang
hai nhanh khong gian (VGG16).

3. Chi st dung mot nhanh don st dung kién trtc khung VGG16: Loai bo
VGG16+FFT va mo-dun cha y chéo, chi gitt mdt nhanh VGG16 khong gian, theo sau
1a cing mo-dun phan loai twong ty trong mo hinh tham chiéu. Tat ca thiét 1ap huan

luyén va danh gia dugc gitr nguyén.

Két qua kiém thir ctia tirng phuong phap duoc thé hién ¢ bang 3.5.
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Model Precision (%) | Recall (%) | Accuracy (%)
Thay mo-dun chu ¥ chéo da tang
. . _ 91.29 83.44 88.10
bang mo-dun ghép noi don gian
Thay VGG16+FFT bang hai kénh
91.38 84.80 88.73
VGG16
Chi str dyng mot nhanh don st
. 87.67 86.35 87.48
dung kién triic khung VGG16

Bdng 3.5: Pdnh gid két qua cdc nghién civu loai bo thanh phan

Phuong phap st dung mo-dun ghép ndi don gian (ConcatGAP) lam giam
precision xudng 91,29%, recall xudng 83,44% va accuracy xudng 88,10%. Viéc mat
su can chinh linh hoat gitra cac mién, vén c¢6 nho mo-dun cha ¥ chéo khién cac truong
hop gia mao bi bo sot. Pidu nay cho thay co ché chu y chéo da tang quan trong dé

hop nhit cac tin hiéu bo tro gitta khong gian va tan sd.

Phuong phap nhan déi nhanh khong gian ma khong sir dung nhanh FFT dat
precision 91,38%, recall 84,80% va accuracy 88,73%. Thiéu bang chtng tir mién tan
s6, mo hinh danh gia thiéu cac nhiéu, khang dinh dic trung FFT 1a khong du thira so

v6i déc trung khong gian.

Phuong phép loai bé hoan toan kién tric VGG16+FFT va co ché hop nhét
bang mo-dun cha y chéo da tang va chi st dung VGG16 lam kién trac khung 1am
giam recall va accuracy tong thé so v6i mbc tham chiéu, do thiéu ving ca cac goi ¥
tan s6 bo sung 1an mot co ché cin chinh, tong hop thong tin. Md-dun cha ¥ chéo da
tang khong thé ap dung néu kién trac chi c6 mot nhanh, vi vy so sanh nay nham
chtrng minh phan déng gdp ctia nhanh FET va lam rd tac dong cta viéc loai bo nhanh

nay.
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3.6. Két luan

Chuong nay di trinh bay chi tiét vé cau trac ciia mang no-ron nhan tao VGG16
két hop véi phép bién d6i Fourier trong bai toan phat hién thé cin cude gia mao, dong
thoi néu rd phuong an huin luyén va két qua danh gia mé hinh. Két qua danh gia da
chtrng minh hiéu qua cua kién trac VGG16 két hop phép bién doi Fourier trong phat
hién thé can cudc gia mao. Thuc nghiém cho théy mé hinh hoi tu 6n dinh, dat cac chi
s F1 cao va ti 1¢ 16i APCER, BPCER & muc rat thap trén tap kiém thir, phan anh kha
nang phan biét chinh x4c giita mau that va mau gia. Thiét ké nhanh FFT b6 sung
thong tin tan sb da ting cuong kha ning phat hién cac ddu hiéu tinh vi trén hinh anh
thé can cudc. Pong thoi, quy trinh huan luyén dugc trién khai day du, qua trinh danh
gia da chiéu nham dam bao két qua khach quan, giam thiéu rii ro qua khop trén tap
huan luyén. Nhimng két qua nay khang dinh tinh pht hop cta phuong 4n dé xuat va

tao nén tang virng chac cho cac budc cai tién vé sau.
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KET LUAN

Vén dé phat hién hinh anh thé cin cudc gia mao 13 mot bai toan c6 tinh thuc
tién cao. D& an da nghién ctru va trién khai mo hinh két hop giita mang no-ron nhan
tao VGG16 va phép bién doi Fourier dé phat hién cic ddu hiéu gid mao trong hinh
anh thé can cude. Két qua kiém thir cho thiy rang mé hinh da dap tng t6t cac yéu
cau vé nhan dién cac dic trung gia mao, tbc d6 thuc thi nhanh chong. M6 hinh nay
s& gitp cho cac hé thong dinh danh dién tir nang cao do chinh xac va hiéu qua cao
trong viéc phat hién cac hinh anh gia, giup giam thiéu rii ro gian 1an. Viéc xac thyuc
hinh anh thé cin cude trude khi tién hanh cac giai doan tiép theo clia qua trinh dinh
danh dién tir giup nang cao trai nghiém nguoi dung, phong chéng rui ro va cai thién
hiéu suat cho cac hé théng. Thanh cong cua dé an khong chi nam & viéc nang cao do
chinh x4c phat hién gia mao, ma con ching minh rang viéc két hop cac phuwong phap
truyén thong co tinh nén tang voi cac k¥ thuat xir 1y anh hoan toan c6 thé tao ra mot
mo hinh hiéu qué, nhe, va dé tng dung thuc té. Pay 1a mot dong gép mang tinh goi
mo, déng thoi dat nén mong cho cac hé théng dinh danh di¢n tir an toan va hiéu qua

hon trong tuong lai.

V& hudng nghién ciru tiép theo, tiép tuc mo rong nghién ctru ra cac bién thé
gia mao thé can cudc khac nhu gia mao bang anh in mau, anh in khong mau, khong
ép plastic, c6 ép plastic; Mo rong tap dit liéu huan luyén va kiém thir da dang hon,
nhiéu qudc gia hon; t6i wu héa md hinh két hgp mang no-ron VGG16 va phép bién
ddi Fourier. Bén canh viéc nang cao hi¢u suit ciia mo hinh, mot hudng thir nghiém
kha thi 12 str dung cac mang no-ron khung khac dé thay thé kién tric khung VGG16.
Céc phuong phap trén s& gop phan ting cudng do chinh xac va toc d6 xu Iy ciia md

hinh.

Bai toan dinh danh dién tir 43 va dang tré thanh budc tién quan trong trong
qua trinh s6 héa dich vu va nang cao hiéu qua quan 1y xi hoi. Dé tai “Ung dung mang

no-ron nhan tao va phép bién doi Fourier dé phat hién hinh anh thé can cude gid mao”
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la mot minh ching cho kha nang tng dung céc cong cu hoc sau dé phuc vu cho cac

hé thong chuyén do1 s0, mang lai cudc song hién dai, van minh va an toan hon.
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PHU LUCI

Ma nguén qué trinh chuén bi dit liéu, hudn luyén va danh gia mang VGG16+FFT

Phu luc nay trinh bay mé ta va ma ngudn cac bude thyc hién qua trinh huan
luyén mang VGG16+FFT.
1. Tai xudng bd dir liéu DLC-2021

import kagglehub
# Download latest version
dlc 2021 path = kagglehub.dataset download("kontheeboonmeeprakob/dlc-dataset",

force download=True)

print ("Path to dataset files:", dlc 2021 path)

2. Tai xudng bd dir liéu MIDV-2020 (thw muc “clips”)

# Tai bd dix 1iéu MIDV-2020 bdng SFTP

# Cai dat thu vién:
# pip install paramiko tgdm

from pathlib import Path
import paramiko

from tgdm import tgdm

# Théong tin két nbi SFTP

HOST = "13i-share.univ-1r.fr"
PORT = 22
USERNAME = "userMIDV2020"

PASSWORD = "W3C!p5{y7"

# Puong dan file trén server va thu muc luu & may local
REMOTE FILES = [

"/MIDV2020/dataset/clips.tar",

# C6 thé thém céc file khac tai day néu cén

LOCAL DIR = Path("/content/midv2020")
LOCAL DIR.mkdir (parents=True, exist ok=True)

# Két nbi tdi server SFTP

client = paramiko.SSHClient ()

client.set missing host key policy(paramiko.AutoAddPolicy())
client.connect (HOST, port=PORT, username=USERNAME, password=PASSWORD,
timeout=60)

sftp = client.open sftp()

print ("Connected to SFTP server")
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# Tai file
for remote path in REMOTE FILES:
local path = LOCAL DIR / Path(remote path) .name

try:
stat = sftp.stat(remote path)
file size = stat.st size
except FileNotFoundError:
print (f"File not found on server: {remote path}")
continue

print (f"Downloading {local path.name} ...")
with tgdm(total=file size, unit="B", unit scale=True, desc=local path.name)
as pbar:
def progress callback(transferred, total):
# cap nhat phidn da tai thém
pbar.update (transferred - pbar.n)

sftp.get (remote path, str(local path), callback=progress callback)
print (f"Saved to {local path}")

# Péng két nbi

sftp.close()

client.close()

print ("All downloads completed. Local directory:", LOCAL DIR)
midv 2020 path = LOCAL DIR

3. Tai cac tép DLC2021 experimental_baselines bao gom:
- /content/experimental baselines/screen_positive_train.lIst
- /content/experimental baselines/screen negative train.Ist
- /content/experimental baselines/screen positive test.lst

- /content/experimental baselines/screen_negative test.Ist

import os
import zipfile
import requests

# Thu muc luu
os.makedirs ("/content/experimental baselines", exist ok=True)
zip path = os.path.join("/content", "experimental baseline.zip")

url =
"https://zenodo.org/records/7467028/files/experimental baseline.zip?download=1"

# Tai file zip
with requests.get (url, stream=True) as r:

r.raise for status()
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with open(zip path, "wb") as f:
for chunk in r.iter content (chunk size=8192):
if chunk:
f.write (chunk)

print ("Downloaded to:", zip path)

# Giai nén
lst dir = "/content/experimental baselines”

with zipfile.ZipFile(zip path, "r") as z:
z.extractall (1st dir)

print ("Extracted to: /content/experimental baselines")
print ("Céc file/thu muc trong experimental baselines:",
os.listdir ("experimental baselines"))

4. Tao tap dir lidu train/val/test tir 2 nguon DLC-2021 va MIDV-2020.

Trudce hét, chuong trinh doc bén tép danh sach screen * train/test.Ist dé 1iy
ra tung t&p can dung. Dya trén tén tép, mdi mau s& dugc anh xa tdi ding thu muc
nguodn: anh that train 1ay tir MIDV-2020/images, anh gia va anh test lay tir DLC-
2021/or va DLC-2021/re. Vi mbi anh, cac bude xtr Iy nhu sau: (i) xac dinh tAm cét
(diém trung tAm thé can cudc theo siéu tham so trong cac tép .1Ist), rdi cat hai cira s6
vuong 448x448 va 896x896 quanh tam, bao ddm khong bi vuot bién, sau do (i1) resize
ca hai vé cung kich thudc 224%224. Hai anh da cat duoc luu 1an luot vao cay thu muc
crops/<split>/<label>/ va images/<split>/<label>/. Sau khi sinh toan bd tap train va
test, ham move_first_percent_train_to_val thyc hién tich mot ty 1¢ 20% mau tir train
sang val, tao ra ba tip con train/val/test nhat quan vé ciu triic thu muc, san sang cho

huan luyén va danh gid mo hinh.

import os, Jjson, shutil

from pathlib import Path

from PIL import Image, ImageOps
from tgdm.auto import tgdm

# C&du hinh crop/resize

CROP_SIZE SMALL = (448, 448)
CROP_SIZE LARGE = (896, 896)
RESIZE TO = (224, 224)

try:

RESAMPLE FILTER = Image.Resampling.LANCZOS
except AttributeError:
RESAMPLE FILTER = Image.LANCZOS
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SUBJECT MAP = {

"alb id": "00", "esp id": "O1", "fin id": "02", "est id": "03", "svk id":
"O4H,

"aze passport": "05", "lva passport": "O06", "grc passport": "07",

"srb passport": "08", "rus internalpassport": "09",

def crop center keep in bounds (im, cx, cy, size wh):
w, h = im.size
tw, th = size wh
half w, half h = tw // 2, th // 2
left, top = cx - half w, cy - half h
right, bottom = left + tw, top + th
if left < O:

right -= left; left = 0
if top < O:
bottom -= top; top = 0

if right > w:

shift = right - w; left
if bottom > h:

shift = bottom - h; top = max (0, top - shift); bottom = h
crop = im.crop((left, top, right, bottom))

max (0, left - shift); right

1
=

if crop.size != size wh:
crop = crop.resize(size wh, RESAMPLE FILTER)
return crop

def ensure dirs (output dir):
for kind in ("annotations", "crops", "images"):
for split in ("train", "val", "test"):
for label in ("genuine", "spoof"):
(output_dir / kind / split / label) .mkdir (parents=True,
exist ok=True)

def move first percent train to val (output dir, ratio=0.2):
for kind in ("annotations", "crops", "images"):
for label in ("genuine", "spoof"):
src_dir = output dir / kind / "train" / label
if not src dir.exists():
continue
dst dir = output dir / kind / "val" / label
dst dir.mkdir (parents=True, exist ok=True)
files = sorted(p for p in src dir.iterdir() if p.is file())
n _move = int (len(files) * ratio)
for p in files[:n _move]:
shutil.move (str(p), str(dst _dir / p.name))

def load screen splits(lst dir: Path):
items = []
def load one(fname, split name, label name):
path = 1lst dir / fname
if not path.is file():
print (f" [WARN] missing {path}")
return
with path.open("r", encoding="utf-8") as f:
for line in f:
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line = line.strip{()
if not line:
continue
parts = line.split ()
rel = parts[0].lstrip("/")
try:
country, clip, filename = rel.split("/", 2)
except ValueError:
continue
cx = cy = None
if len(parts) >= 3:
try:
cx = int(float(parts([l])); cy = int(float (parts([2]))
except Exception:
pass
items.append((country, clip, filename, split name, label name,
cx, cy))
_load one("screen positive train.lst", "train", "spoof")
_load one("screen negative train.lst", "train", "genuine")
_load one("screen positive test.lst", "test", "spoof")
_load one ("screen negative test.lst", "test", "genuine")
print (f"Loaded {len(items)} lines from .lst")
return items

def split and convert dlc(dlc or img dir, dlc re img dir, output dir,
1st _dir, midv_clips_root, val ratio=0.2):

dlc or img dir Path(dlc or img dir)
dlc re img dir Path(dlc re img dir)
output_dir = Path (output dir)

lst dir = Path(lst dir)

midv root = Path(midv clips_ root)

items = load screen splits(lst dir)
if not items:
print ("No items loaded; abort.")
return

ensure dirs (output dir)

roots = {
("train", "genuine"): midv_root / "images",
("train", "spoof"): dlc re img dir,
("test", "genuine"): dlc or img dir,
("test", "spoof"): dlc_re img dir,
desc = f"Center crops {CROP_SIZE SMALL[O0]} & {CROP_SIZE LARGE[O0]} ->
{RESIZE TO[O]}"
for country, clip, fname, split use, label use, c¢cx, cy in tgdm(items,
desc=desc, unit="img"):
img_root = roots.get((split use, label use))
if img root is None:
continue
src_img = img root / country / clip / fname
if not src img.is file():
continue
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country id = SUBJECT MAP.get (country, "xx")
stem = fname.rsplit(".", 1)[0]

try:
with Image.open(src_img) as im:
im = ImageOps.exif transpose (im).convert ("RGB")

w, h = im.size

cx0, cy0 = (w // 2, h // 2) if cx is None or cy 1s None else
(cx, cy)

crop small = crop center keep in bounds (im, cx0, cyO0,

CROP_SIZE SMALL)
crop_small = crop small.resize (RESIZE TO, RESAMPLE FILTER)

crop large = crop center keep in bounds (im, c¢x0, cyO0,
CROP SIZE LARGE)
crop large = crop_ large.resize(RESIZE TO, RESAMPLE FILTER)

base =
f"{label use} {country} {country id} {clip} {stem} cx{cx0:04d} cy{cy0:04d}"

p_crop = output dir / "crops" / split use / label use /
f"{base}.jpg"

crop small.save(p crop, format="JPEG", quality=90,
subsampling="4:2:0")

p_img = output dir / "images" / split use / label use /
f"{base}.jpg"

crop large.save(p_img, format="JPEG", quality=90,
subsampling="4:2:0")

p_ann = output dir / "annotations" / split use / label use /
f"{base}.json"
ann = {
"filename": fname,
"subject": country,

"subject id": country id,
"clip": clip,
"center": {"cx": cx0, "cy": cy0O},
"original size": [w, h],
}
p_ann.write text(json.dumps(ann, ensure ascii=False),
encoding="utf-8")
except Exception as e:
print (f"Error processing {src_img}: {e}")

if 0.0 < val ratio < 1.0:
move first percent train to val (output dir, ratio=val ratio)

for kind in ("annotations", "images", "crops"):
print (f"--- {kind} ---")
for split in ("train", "val", "test"):
for label in ("genuine", "spoof"):
folder = output dir / kind / split / label
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cnt = sum(l for p in folder.iterdir() if p.is file()) if
folder.exists () else 0O
print (f"{kind}/{split}/{label}: {cnt:6d}")

print ()
if  name == " main ":
dlc 2021 path = "/kaggle/input/dlc-dataset"
dlc 2021 dir = os.path.join(dlc 2021 path, "DLC-2021")
dlc or img = os.path.join(dlc 2021 dir, "or", "images")
dlc re img = os.path.join(dlc 2021 dir, "re", "images")
midv_2020_path = "/content/midv2020"

midv_ 2020 dir = os.path.join(midv 2020 path, "clips")

lst dir = "/content/experimental baselines"
"/content/dlc-2021-split"

out dir

split and convert dlc(
dlc or img dir=dlc or img,
dlc re img dir=dlc_re img,
output dir=Path(out dir),
lst dir=Path(lst dir),
midv clips root=midv 2020 dir,
val ratio=0.2,

5. Cai thw vién can thiét cho qua trinh xiy dung va huin luyén mang.

- Cai thu vién pytorch_lightning

! pip install pytorch-lightning

6. Tién hanh huan luyén mang
6.1. Xay dung m6 hinh VGG16+FFT

Mang goém hai nhanh chia sé¢ kién traic VGG16-BN: nhanh khéng gian
(VGGI16Branch) nhan anh mau da chuan ho4; nhanh tan sb (FFTBranch) ap dung
bién d6i Fourier 2D 1én anh gdc, dung bd loc thong cao (high-pass), r6i chuan hoa va
trich dic trung bang cling backbone VGG16. Hai dau ra dic trung dugc dua vao mo-
dun chu y chéo da té“mg: CrossAttentionFusion, thuc hién cross-attention hai chiéu va
gdp thanh mét vector dac trung chung. Class LightningModule VGG16_FFTNet dinh
nghia toan bo kién truc. Str dung ham mét mat cross-entropy cho phan loai nhj phan,

va toi wu hod bang AdamW.
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import torch, torch.nn as nn, torch.nn.functional as F
from torchvision import models
import pytorch lightning as pl

def build vgglé bn features():
"""Load VGG16-BN pretrained va cdt dén tang conv3 x."""
try:
from torchvision.models import vgglé bn, VGGl6 BN Weights
vgg = vggl6 bn(weights=VGGl6 BN Weights.IMAGENET1K V1)
except Exception:
vgg = models.vgglé bn(pretrained=True)
return nn.Sequential (*list (vgg.features.children()) [:24]) #
(B,256,H/8,W/8)

class VGGlo6Branch (nn.Module) :
"""Nhanh khéng gian: VGG16-BN trén anh RGB da chudn hoa."""

def init (self):
super (). init ()
self.features = build vgglé6 bn features()

def forward(self, x):
return self.features(x)

class FFTBranch (nn.Module) :
"""Nhanh tdn sbé: FFT + loc théng cao + VGG16-BN."""

def init (self, radius: int = 8):
super (). init ()
self.radius = radius
self.features = build vgglé bn features/()

def forward(self, x, original image) :
B = x.size (0)
with torch.no grad():
# chuyén anh gbc sang grayscale
x gray = (
0.2989 * original image[:, 0] +
0.5870 * original image[:, 1] +
0.1140 * original image[:, 2]
) .unsqueeze (1) # (B,1,H,W)
s _, Hc, Wc = x gray.shape
# FFT + shift
X = torch.fft.fft2(x gray)
Xs = torch.fft.fftshift (X, dim=(-2, -1))
# mat na high-pass tron

u = torch.arange (Hc, device=x.device) - Hc // 2
v = torch.arange (Wc, device=x.device) - Wc // 2
U, V = torch.meshgrid(u, v, indexing="ij")

mask2d = (U**2 + V**2 >= gelf.radius**2).float ()

mask = mask2d.unsqueeze (0) .unsqueeze (0) .expand (B, 1, Hc, Wc)
# ap dung mask va IFFT

Xhp s = Xs * mask

Xhp = torch.fft.ifftshift (Xhp s, dim=(-2, -1))

x _hp = torch.fft.ifft2 (Xhp)

mag = torch.abs (x hp)
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# log-magnitude + min-max normalize theo tung &anh
hp log = torch.loglp (mag)
mn = hp log.flatten(l).min(1) [0].view(B, 1, 1, 1)
mx = hp_log.flatten(l).max(l)[O].view(B, 1, 1, 1)
hp norm = (hp log - mn) / (mx - mn + le-8)
hp rgb = hp norm.repeat(1l, 3, 1, 1) # (B,3,H,W)
mean = torch.tensor([0.485, 0.456, 0.406],
device=hp rgb.device) .view(l, 3, 1, 1)
std = torch.tensor([0.229, 0.224, 0.225], device=hp rgb.device) .view (1,
3, 1, 1)
hp rgb norm = (hp rgb - mean) / std
return self.features (hp rgb norm)

class CrossAttentionFusion (nn.Module) :
"nvCross—attention hai chiéu gifta nhanh khéng gian va nhanh tan sé."""

def  init (self, embed dim=256, num heads=16) :
super (). init ()
self.attnl = nn.MultiheadAttention (embed dim, num heads)
self.attn2 nn.MultiheadAttention (embed dim, num heads)

def forward(self, featl, feat2):
B, C, H, W = featl.shape

fl = featl.view(B, C, -1).permute(2, 0, 1) # (N,B,C)
f2 = feat2.view (B, C, -1).permute(2, 0, 1)

outl, = self.attnl(fl, £f2, £2)

out2, = self.attn2(f2, f1, f1)

outl = outl.permute(l, 2, 0).mean (dim=2) # (B,C)
out2 = out2.permute(l, 2, 0).mean (dim=2) # (B,C)
return torch.cat ([outl, out2], dim=1) # (B,512)

class VGGl6 FFTNet (pl.LightningModule) :
LightningModule cho bai toan phédn loai nhi phén (genuine/spoof) :
- Hai nhanh VGG16 chia sé kién trGc, mdét nhanh lam viéc trén anh RGB,
mdt nhédnh trén anh high-frequency tu FFT.
- Pau ra hai nhanh duogc gép bing cross-attention va classifier MLP.

wnn

def  init (self, num classes: int = 2, 1lr: float = le-5, weight decay:
float = le-4):
super (). init ()

self.save hyperparameters ()
self.branch spatial = VGGlé6Branch ()
self.branch freg = FFTBranch ()
self.fusion = CrossAttentionFusion ()
self.classifier = nn.Sequential (

nn.Linear (512, 64),

nn.BatchNormld (64),

nn.RelU(),

nn.Dropout (0.5),

nn.Linear (64, num classes),

def forward(self, x resized, x original):
fl = self.branch spatial (x resized)
f2 = self.branch freqg(x resized, original image=x original)
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f = self.fusion(fl, £f2)
return self.classifier (f)

def training step(self, batch, batch idx):
x resized, x original, y = batch
logits = self(x resized, x original)
loss = F.cross_entropy(logits, vy)
self.log("train loss", loss, prog bar=True)
return loss

def validation step(self, batch, batch idx):
x resized, x original, y = batch

logits = self(x resized, x original)
loss = F.cross_entropy(logits, vy)
preds = logits.argmax(dim=1)

acc = (preds == vy).float () .mean()

self.log("val loss", loss, prog bar=True)
self.log("val acc", acc, prog bar=True)

def test step(self, batch, batch idx):
x resized, x original, y = batch
logits = self(x resized, x original)
loss = F.cross_entropy(logits, vy)
preds = logits.argmax (dim=1)
acc = (preds == vy).float () .mean()
self.log("test loss", loss)
self.log("test acc", acc)

def configure optimizers(self):
return torch.optim.AdamW (self.parameters(), lr=self.hparams.lr,
weight decay=self.hparams.weight decay)

6.2. Tao dataseet, trainer, huan luyén va danh gia.

Tién hanh tao FourierImageDataset doc anh dau vao tir tap dir liéu da xay
dung, sau d6 4p dung bién doi (chuan hod) cho nhanh khong gian, con nhanh tan sd
giit & dang tensor tho. Cudi cung, PyTorch Lightning Trainer dugc cau hinh voi
EarlyStopping va TensorBoardLogger, goi trainer.fit & huan luyén va trainer.test dé

danh gid mo hinh VGG16_FFTNet.

import os
from pathlib import Path

import torch

from torch.utils.data import Dataset, DataLoader
from PIL import Image

import torchvision.transforms as transforms
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import torchvision.transforms.functional as TF

import pytorch lightning as pl
from pytorch lightning.callbacks import EarlyStopping
from pytorch lightning.loggers import TensorBoardLogger

# Gia su 16p VGGl6 FFTNet di dugc dinh nghia & phan "Kién tric mang"

# Bién dbi cho nhanh khéng gian (gidng ImageNet)
train transform = transforms.Compose ([
transforms.ToTensor (),
transforms.Normalize ([0.485, 0.456, 0.406]
[0.229, 0.224, 0.225]

-~
~

1)
val transform = transforms.Compose ([
transforms.ToTensor (),
transforms.Normalize ([0.485, 0.456, 0.406]
[0.229, 0.224, 0.225]

-~

4

1)

class FourierImageDataset (Dataset) :
Dataset doc cdp (anh RGB di resize & normalize, anh crop gbc) va nhéan:
- root dir: thu muc images/<split>/<label>
- cropped root: thu muc crops/<split>/<label> cé cdu truc tuong Ung
def init (self, root dir, transform=None, cropped root=None) :
self.root dir = root dir
self.cropped root = cropped root
self.transform = transform
self.samples = self. make dataset (root dir)
def make dataset(self, directory):
samples = []
for label name in sorted(os.listdir (directory)):
class_dir = os.path.join(directory, label name)
if not os.path.isdir(class_dir):

continue
# nhan 0: genuine, 1: spoof
class_idx = 0 if label name == "genuine" else 1

for root, , fnames in os.walk(class dir):
for fname in fnames:

if fname.lower () .endswith((".png",

path = os.path.join(root, fname)

-jpg", ".jpeg")):
samples.append ( (path, class_idx))
return samples
def len (self):
return len(self.samples)
def getitem (self, idx):
image path, label = self.samples[idx]
img = Image.open(image path).convert ("RGB")
x _resized = self.transform(img) if self.transform is not None else
TF.to_tensor (img)
if self.cropped root is None:
raise ValueError ("cropped root must be provided")
rel path = os.path.relpath(image path, self.root dir)
orig path = os.path.join(self.cropped root, rel path)
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img orig = Image.open (orig path) .convert ("RGB")
x original = TF.to tensor (img orig) # gitt dang tensor (0-1), khdng
normalize

return x resized, x original, torch.tensor(label, dtype=torch.long)

# Puong din dir liéu da tién xu 1y (theo script split trudc do)

base dir = "/content/dlc-2021-split"

train img dir = os.path.join(base dir, "images", "train")

val img dir = os.path.join(base dir, "images", "val")

test img dir = os.path.join(base dir, "images", "test")

train crop dir = os.path.join(base dir, "crops", "train")

val crop dir = os.path.join(base dir, "crops", "val")

test crop dir = os.path.join(base dir, "crops", "test")

train dataset = FourierImageDataset (train img dir, transform=train transform,

cropped root=train crop dir)
val dataset =

FourierImageDataset (val img dir, transform=val transform, cropped root=val
crop dir)

test dataset =

FourierImageDataset (test img dir, transform=val transform, cropped root=test
_crop_dir)

train loader = DatalLoader (train dataset, batch size=64,
shuffle=True, num workers=4)

val loader = DataLoader (val dataset, batch size=64, shuffle=False,
num workers=4)
test loader = DatalLoader (test dataset, batch size=64, shuffle=False,

num workers=4)

print (f"Train dataset size: {len(train dataset)}")
print (f"Validation dataset size: {len(val dataset)}")
print (f"Test dataset size: {len(test dataset)}")

# Callback va logger cho Lightning
early stopping = EarlyStopping(monitor="val loss", patience=2, mode="min")
logger = TensorBoardLogger ("logs", name="vggl6 fftnet")

# Khoi tao mé hinh va trainer
model = VGGl6 FFTNet (num classes=2, lr=le-5, weight decay=le-4)

trainer = pl.Trainer (
max_epochs=5,
accelerator="gpu",
devices=1,
logger=logger,
callbacks=[early stopping],
log every n steps=10,

# Hudn luyén va danh gia
trainer.fit (model, train loader, val loader)
trainer.test (model, dataloaders=test loader)
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7. Do téc @9 thye thi trung binh

Poan ma dudi day danh gia toc do thuc thi cia mé hinh VGG16+FFT. Cu thé,
doc 1an luot cac anh tir hai thu muc dai dién cho truong hop anh that va anh gia. Sau
d6 thuc hién cac budc: (i) tién xtr Iy va (ii) suy ludn qua mé hinh VGG16+FFT. Trudc
khi ghi nhan thoi gian, chuong trinh thyc hién mot sb budc warm-up (mac dinh 10
anh) nham loai bé anh hudng cua viéc khoi tao mo hinh ban dau. bé tuong déng voi
diéu kién CPU trong bai bao gbc, viéc suy luan duoc ép chay CPU-only, gidi han sb

ludong (NUM_THREADS=12) va v6 hiéu hoa mét s6 t6i vu nhu MKL-DNN.

# measure vggl6 fft cpu.py

# Do thdi gian end-to-end trén CPU:

# decode anh -> resize 224x224 -> chudn hod -> suy ludn v&i VGGL6+FFT
(Lightning)

import os, glob, time
import numpy as np

# ================== CONFIG ==================

dlc 2021 path = "/kaggle/input/dlc-dataset"

OR DIR = dlc_2021 path + "/DLC-2021/or/images/grc_passport/01.0r0004"
RE DIR dlc 2021 path + "/DLC-2021/re/images/grc_passport/01.re0001"

TARGET SIZE = (224, 224)
WARMUP_STEPS = 10
NUM_THREADS = 12

# CPU only & gi¢i han sb thread trudc khi import torch

Os.environ["CUDA_VISIBLE_DEVICES"] = "-1"
os.environ["OMP NUM THREADS"] = str (NUM THREADS)
os.environ["MKLiNUMiTHREADS"J = str (NUM_THREADS)

import torch
from PIL import Image, _ version as PIL VERSION

torch.set num threads (NUM THREADS)
try:

torch.set num interop threads (1)
except Exception:

pass
try:

torch.backends.mkldnn.enabled = False
except Exception:

pass
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# TODO: sua import nay cho ding file chta LightningModule cua ban

# Vi du: from model vgglé fft import VGGl6 FFTNet

from model vgglé fft import VGGl6 FFTNet # <-- chinh lai cho khép vdi code
cua ban

def list images (folder):
exts = ("*.jpg", "*.jpeg", "*.png", "*.bmp", "*.tif", "*.tiff",
"x,Jgpg", "*.JPEG", "*.PNG", "*.BMP", "*.TIF", "*.TIFF")
fs = [1
for e in exts:
fs.extend(glob.glob(os.path.join (folder, e)))
fs.sort ()
if not fs:
raise FileNotFoundError (f"Khéng thidy anh trong: {folder}™)
return fs

def preprocess pil for vggfft (path, size):

wnn

Tra vé:
x resized : anh d& resize + normalize ImageNet (nh&nh khéng gian)
x _original : anh 0..1, khéng normalize (nhanh FFT)

with Image.open (path) as im:

im = im.convert ("RGR")
im

im.resize(size, Image.Resampling.LANCZOS)
arr = np.asarray(im, dtype=np.float32) / 255.0 # [H,W,3], 0..1

x _original = torch.from numpy(arr).permute(2, 0, 1).unsqueeze(0) #
[1,3,H,W]

mean = torch.tensor ([0.485, 0.456, 0.40060]1).view(l, 3, 1, 1)
std = torch.tensor([0.229, 0.224, 0.225]).view(l, 3, 1, 1)
x_resized = (x original - mean) / std

return x_resized, x_original

@torch.inference mode ()
def measure folder endZend vggfft (lightning model, folder, warmup steps=10):
Po thoi gian trung binh cho méi anh:
decode + resize(224) + normalize + forward VGGl6+FFT
device = torch.device ("cpu")
lightning model.eval ()
lightning model.to (device)

paths = list images (folder)
n = len(paths)

# warm-up (khéng tinh thoi gian)
for i in range (min(warmup_ steps, n)):

xr, xo = preprocess pil for vggfft (paths[i], TARGET SIZE)
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xr, xo0 = xXr.to(device), xo.to(device)
= lightning model (xr, xo0)

# chay do thoi gian
times = []
for p in paths:

t0 = time.perf counter ()

xr, xo0 = preprocess pil for vggfft(p, TARGET SIZE)
Xr, xo = xXr.to(device), xo.to(device)

y = lightning model (xr, xo0)

= y.cpu() # déng bd CPU

tl = time.perf counter()

times.append(tl - tO0)

mean sec = float (np.mean (times))
return mean sec, n

def report (model name, folder, mean sec, n):

print(
f"[{model name}] [{os.path.basename(folder)}] "
f"mean sec per img={mean sec:.6f} | n={n} "
f"| device=CPU | threads={NUM THREADS} "
f"| torch={torch. version } | pillow={PIL VERSION} "

£f"] mkldnn={'on' if torch.backends.mkldnn.enabled else 'off'}"

print ("========== Benchmark: VGGl6+FFT (Lightning) ==========")

# Khoi tao model (hodc load checkpoint da train)

model = VGG1l6 FFTNet (num classes=2)

# Vi du néu dung checkpoint:

# model =
VGG167FFTNet.loadifromicheckpoint("path/to/checkpoint.ckpt").eval()

or mean, or n = measure folder end2end vggfft(
model, OR DIR, warmup steps=WARMUP STEPS

)

re mean, re n = measure folder end2end vggfft(
model, RE_DIR, warmup_ steps=WARMUP STEPS

report ("VGGl6 FFTNet", OR DIR, or mean, Or n)
report ("VGGl6 FFTNet", RE DIR, re mean, re n)




