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LOI CAM ON

Dé hoan thanh dugc dé an tt nghiép thac si, bén canh su nghién ciru va phat
trién clia ban than, 13 su gitip d& nhiét tinh cta cac thdy c¢6 gido. PAu tién em xin giri
16i cam on dén céc thiy ¢6 gido trong khoa Céng nghé thong tin 1 néi riéng va Hoc
vién Cong nghé Buu chinh Vién théng néi chung. Cic thdy ¢6 1 nhiing ngudi da
truyén tai cho em rat nhiéu kién thirc quy bau hoc sudt hai ndm hoc vira qua, nhiing

kién thitc d6 12 nén méng vimg chic d& em x4y dung d& an tét nghiép nay.

Tiép theo, em xin chan thanh cam on gidng vién huéng din TS. Nguyén Tét
Thing di dinh huéng va gitip d& em t4n tinh trong sudt qua trinh thyc hién dd an nay.
Cudi cling, xin cim on thiy ¢6 va doc gia da danh thoi gian quy bau d& nghién
ctru, phan bién d6 4n tét nghiép. Nhitng nhén xét, déng gbp cuia thiy cb va doc gia

di1 nhé nht cfing rat quan trong va c6 gid tri.

Chuc cac thay cb va ddc gia nhiéu suc khéde!



il

MUC LUC
LOL CAM DOAN .....oomioieieeece e eees st eeses e sess s s s s e i
LOT CAM ON ..ot sseaes s ees s ss e enese s s s ss e seness s ii
MUC LUC ..ot seesseesssesisesssassssssssssssas st sssssssssonss e senesssenes iii
DANH MUC KI HIEU VA CHU VIET TAT.......ooooreeeeereeeeeeeesves e snssss s v
DANH MUC BANG ......coooiieeeeeeeoeeeeeeeeeeesrssee oo esseas s sesesessease e ssessnns vi
DANH MUC HINH ANH .......oooveiireereeiresteseeeseseessessessesssssees s sessssssssessassssseanenos vii
LY (0 57\ SO 1
1. Ly do chon B8 T ses st s e ee et eren s s renns 1
2. Tng quan vé VAN d& NEHIEN CUU ........oevveeeeeeeeeeeeee e 2
3. Muc Gich nghi€n ClU.........cooiiiii e e 3
4. P6i tuong va pham Vi NEIIEN CUU...........eeeeeeeeeeeeeeeeeeeeeeeeeeee e eeesee 4
4.1. DS tUONZ NENIBN CUU w.v.voveveve e sae s ssessssss e seees s 4
4.2. Pham vi NZhIEN CUU....coccermriiiiiniieicteiire ettt ee s eae s
5. Phuong phap nghi€n CUUL......ooeiiieviiiieiieccrececnr ettt e 4
CHUONG 1 - TONG QUAN VE VAN PE HINH ANH THE CAN CUGC GIA
IMAO....ooeoeeereeeeeeeseeeeesees s e sese e es s s s s s s s ss et esn s s sesa s eesseseseneseeesren s s 5
1.1. Giéi thiéu vin d€ phat hién hinh anh thé cin cudc gid mao. ........occoeveerveneenne. 5
1.2. Céc nghién cliu li€n qUAN........coiieieieiine ettt 5
1.3. Giai phép giai quyét vAn d& ctia d& 41 .......veeeeeeeeeeeeeeee e, 8
L4 KB TUADL oot sae s sa s s sns s ssensas s sas e s saesnenes 9
CHUONG 2 - PHUONG PHAP PHAT HIEN HINH ANH THE CAN CUGC GIA
MAO ..o es s se s s es et s s sna e .10
2.1. Gidi thiéu v& phép bién d81 FOULIET ......vv.vvueieeeeecreeese e 10
2.1.1. Phép bién d6i Fourier roi rac hai chidu. ..........oveveeeeveeeeeeeeceeereene 10

2.1.2. Nguyén ly va cach thuc hién loc tAn sb bang phép bién ddi Fourier trén
ANN. ettt ea e e b et et es 11

2.2. Giéi thiéu vé mé hinh mang no-ron nhan tao VGGI6 ..........ccoeveeveeereennnen. 15

2.2.1. Gidi thiéu vé hoc siu, mang NO-ron Nhan tao. .......cccccceveveverereerecreerreeeenns 15



iv

2.2.2. Gi6i thi€y v& mang no-ron tich ChAP .........ovveeeeeeeeeeeeees e, 19
2.2.3. M6 hinh mang no-ron VGG16............vveeeeeeeeeeeeeeecereeer e seeeeneenes. 21
2.3. Gi6i thiéu V& mO-AUN 1 CHU ¥ ..o 24
2.4. Gié6i thiéu vé mo6 hinh VGG 16 két hop phép bién ddi Fourier. .................. 26
2.5 KEETUAN cooovveeoeeeeeee e e eeesese s eenesees e eeeeeseesses e 28
CHUONG 3 - XAY DUNG VA DPANH GIA MO HINH......coooomeeeoeeeee. 29
3.1. Phén tich bai todn phat hién thé cin cudc gid Mao........c.oeevvveeeeeveererenn. 29
3.2. XAy dUNE tAP Al TEU....ovurvervecrereeeeceeeeeeeeeee e se e sseee e s e 30
3.3. Xay dung kién tric MANG NOC SAU. ....veieveeereceieeeeee e e eeeeeesteea 34
3.3.1. Kién truc tdng quan cla INANE c.oviiiiiiiiiiie e errtetre e resreessaaesesseerseesnnenans 34
3.3.%. M(?-dun tién xtr Iy: phép bién dbi Fourier rdi rac nhanh két hop co ché
JOC TN SO CAO .ttt ettt e e e et e s eeeeses e s e e e s se e e e e e eseee e 36
3.3.3. Mo-dun mang no-ron tich chap khung sit dung kién tric VGG16........39
3.3.4. M6-dun chil ¥ ch0 da tANG..........oeeeeeeeeeeereeeeeee oo, 40
3.3.5. M6-Qun phan 10 ..o SR 43
3.4. Ham mAt mat va qua trinh t81 Ut hOa.......eeeeeeeeeeeeeeeeeeeeoeee oo 44
3.5. Huén luyén va d4nh gid m6 Rinh. ...........ooooveereeeeeeereeeeeeeee oo, 45
3.5.1. Cai dat va huén luy&n m6 Rinh.........cooueveeoeeeereeereeees oo 45
3.5.2. DAnh @i MO hINN. ....voeeeeeeeeeeeeeceeie oo ee e ees s 47
36, KELTUAN ..o e ee s s 51
K]?TT LUAN.................; ............................................................................................. 52
TATLIEU THAM KHAO.......oooiomieeieceeceeeeeeeoeeeeeeeee e eeeseeeseeeee e 54

PHU LUC T oottt ettt s e eeaee sttt s et 58



DANH MUC Ki HIEU VA CHU VIET TAT

Tir viét tat Nghia Tiéng Anh Nghia Tiéng Viét
EER Equal Error Rate Ti 1& 13 cAn bang

ACER Average Classification Error Ti 1¢ 16i phén loai trung binh
Rate
HTER Half Total Error Rate Nira tong ty 18 16i
APCER Attack Presentation Ty 1€ phén loai sai 4nh gia
Classification Error Rate
BPCER Bona Fide Presentation Ty 1€ phan loai sai 4nh that
Classification Error Rate
FFT Fast Fourier Transform Phép bién d6i Fourier nhanh
IFFT Inverse Fast Fourier Transform | Phép bién dbi Fourier ngugce
VGGI16+FFT | VGGI16 artificial neural Mang no-ron nhan tao VGG16
network incorporating Fourier | két hop phép bién doi Fourier.
transform
tensor mot ddi tugng toan hoc‘gém
mot mang cac thanh phan la
ham cua toa d6 trong khong
oian,
LCD Liquid Crystal Display Man hinh tinh thé 1ong
LED Light Emitting Diode Man hinh Pi-6t phét quang
MSE Mean squared error Sai sb toan phuong trung binh




vi

DANH MUC BANG

Béng 2.1: Céc c4u hinh khac nhau ctia mang no-ron tich chip theo Simonyan va

ZISSEITNAN c..eeveveeceeecereteete st ee s s s s s s e eseeee e 22
Bang 2.2: Chi tiét cdu triic trong mang no-ron VGGI16........cceeuveeeevneceeeeeenn. 23
Bang 3.1: Théng tin vé tép dit liéu hun luyén va kidm thir.........ooooooooioo 33

Bang 3.2: Chi tiét ciu trtic mang no-ron tich chap khung sir dung kién tric VGG16

................................................................................................................................... 39
Bang 3.3: Két qua do trén mé hinh DLC-2021 co 50, Bo do nhiéu theo bién va
VGGLOTFFT ..ottt s st 47
Bang 3.4: Két qua thdi gian thue thyue thi trung binh trén CPU Intel Xeon @ 2.20
GHz (%86-64), 6 NhAN / 12 TUONZ ... 48



vii

DANH MUC HINH ANH

Hinh 1.1: Minh hoa qua trinh dinh danh dién tir béng thé cin cude that (bén trai) va

thé cin cude gid mao (BN Phai) .....ceceeriniiieiice e 5
Hinh 2.1: Anh x4m (bén phai) thu dugc sau khi chuyén di tir anh mau (bén tréi) .12
Hinh 2.2: AND XA ZOC. covvvverveereeersveereseessesssssssesssesssessressessessessses e saessemsssssarssnes 13
Hinh 2.3: Anh pho tAn 86 FOUTIET.......ovveeveerreeresecieeeesereserissesasessesensensesssssesasnesanss 13
Hinh 2.4: Anh phd tin s Fourier d4 dich chuyén tAn s6 0 V& tAm.......cc.coeveerrreennes 13
Hinh 2.5: Anh phd tin sb Fourier ban QAU oo ee s een 14
Hinh 2.6: Mit na tAn s6 cao v6i ban kinh bang 20. ...........ccooervereeerneereersecesenseecnnes 14
Hinh 2.7: Anh phd tin s6 Fourier sau khi 4p dung mat na ........ccccecevcuneveeemnrinnanes 14
Hinh 2.8: Anh phd tin s6 Fourier sau khi d3 4p dung mat Da.......ccceeeverneeerineeeenann. 15
Hinh 2.9: Anh phé tin s6 Fourier khi dich DEUQC ...vveueereeemecmiasiacnneiies e isnrans 15
Hinh 2.10: Anh phd tin sb sau khi bién dbi Fourier O rac NEUOC ..cv.vuvevererreereenes 15
Hinh 2.11; Céac soc van man hinh dugc lam ndi bat véi b loc tin sb cao véi mit na
CO BAN KIMN BANE 8 ..o eecvereeeseseeneeees e s s ss et sessserasecssesasessnasessnenss 27
Hinh 3.1: Mot s6 hinh 4nh ¢6 nhan “Anh that”. ........ccooreeeineeeercinererserenereeeeesees 33
Hinh 3.2: Mot s6 hinh anh ¢6 nhan “Anh GIA7 ......oveeveeeeeeerreeeieiee e eseeeeeseessenseeens 33
Hinh 3.3: So d t3ng thé v& mé hinh mang VGG16 két hop phép bién déi Fourier34
Hinh 3.4: Minh hoa céc 16p trong mé-dun chu y chéo da HANG...oorveverreereeeenreressenens 40
Hinh 3.5: Minh hoa cdc 16p trong md-dun phan 1o@i.......ccovrniiiiiiiiinen 43

Hinh 3.6: Biéu dd thé hién gia trj ctia ham mAt mét cia tip dit liéu hudn luyén (trai)

va tap dit liéu kiém tra (phai) trong qua trinh hudn luyén mang............c.cccceneeeenn. 46



MO PAU
1. Ly do chon dé tai

Trong bbi canh chuyén ddi sé dang dién ra manh mé trén toan cau, viéc sir
dung gidy to tily thin nhur gidy chimng minh nhan dan, thé cin cude cong dan, thé cin
cude, hd chibu d xdc thuc danh tinh trén mdi truong dién tir d tré thanh mot xu
hudng phd bién. Céc hé thong dinh danh dién tir hién nay dang duogc ing dung trong
nhiéu linh virc thiét yéu cua cudc séng nhu ngén hang sb, vi dién ttr, thurong mai dién
tir va céc dich vu cong truc tuyén. Theo Hoang Lan va Hai Van (2023) [1], d4 c6
khoang 11,9 triéu tai khoan ngan hang dugc tao thong qua hinh thirc dinh danh dién
ter va hiu hét cac ngan hang tai Viét Nam déu da trién khai quy trinh nay. Thay vi yéu
cAu nguoi ding phai dén tric tiép c4c diém giao dich, hé théng dinh danh dién tir cho
phép thuc hi¢n toan by quy trinh xac thuc tir xa thong qua cac thiét bj dién tir c6 két
ndi Internet nhur dién thoai théng minh hodc mdy tinh. Viéc dinh danh dién tir nhanh
chéng, tién loi va tiét kiém chi phi hon nhiéu so véi phuong thire truyén thdng nhu
gdp mit truc tiép hay ddi chiéu hd so gidy. Diéu nay gitip ning cao trai nghiém ngudi
dung va g6p phén thic déy qua trinh s héa dich vu, mé rong kha ning tiép can dén
nhidu déi tirong & khu vire vimg siu, viing xa. Ngodi ra, dinh danh dién tir con déng
vai trd quan trong trong viéc ting cuong tinh minh bach, ning cao hi€u qué quan ly
va kidm soét rui ro trong céc giao dich s6. Cac cong nghé nhu nhan dién khu6n mit,
trich xuit ky tir quang hoc va phat hién gid mao hinh anh dang dugc img dung rong
rii nhdm dam bao tinh chinh x4c va an toan cho quy trinh dinh danh dién tir.

Tuy nhién, bén canh nhiing lgi ich ké trén thi quy trinh dinh danh dién tir cling
tiém 4n nhiéu rai ro vé an toan bao mat va gian lan. Theo Pham Vinh (2024) [2], chi
trong ndm 2023, 8.000 - 10.000 ti ddng 1a tong s tién ngudi dén bi cac d6i twong lira
d4o chiém doat trén khong gian mang, trong d6 céc vu lira d4o lién quan dén linh vuc
tai chinh chiém dén 91%. Pay la con sb bao dong, phan anh mirc do phitc tap va tinh
vi cia cac hanh vi lira d4o truc tuyén. Ké gian thudng st dung céc tai khoan ngan

hang gia mao dé thuc hién hanh vi chiém doat tai san. Sau khi nhén dugc tién tir nan



nhén, ching nhanh chéng chuyén khoan qua nhiéu tai khoan khac nhau nhdm x6a
dau vét, giy kho khin 16n cho Iuc lugng chirc néng trong qud trinh diéu tra va truy
vét dong tién. Cac dbi twong xau thudng loi dung nhimg 15 hdng trong quy trinh kiém
tra va xac thue gidy to dé thuc hién hanh vi gia mao, nhim vuot qua hé théng dinh
danh tu ddng. Muc tiéu cha cac hanh vi nay la gia mao danh tinh cta nan nhén, dé
truy cap trai phép vao cac dich vu tai chinh hodic chiém doat théng tin ca nhin phuc
vu cho muc dich Itra dao. Do @6, viéc ting cuong ning lyc phét hién cac hinh thac
gia mao trén méi trudng dinh danh dién tir dang tré thinh mét yéu cau cap thiét trong
qué trinh trién khai hé thdng dinh danh dién t&r. C4c giai phap két hop giira thi gidc
mdy tinh, xr ly &nh sb va tri tué nhan tao dang dugc nghién ciru va g dung nhim
nang cao d chinh x4c, gidm thiéu rii ro va bao vé cac hé théng khoi cac mbi de doa

ngay cang phirc tap.

Hién nay, cac cong nghé tri tu€ nhin tao nhur mang no-ron nhan tao ngay cang
phd bién. Ngoai ra, phép bién ddi Fourier ciing di duge chiing minh 13 cong cu manh
m& trong xir Iy tin hiu s6 va hinh anh, gitp phan tich ciu tric tin s6 va phat hién cac
dAu hiéu bit thudng trong hinh 4nh [3]. Viée két hop hai céng cu nay voi nhau va
tmg dung vao viéc phong chdng gian 1an trén maéi trudng dién tir s& b thé givp giam
thidu céc rii ro v& tai chinh cho nguoi dan. Chinh vi vdy, viéc nghién ciru va thuc
nghiém dé& tai “Ung dung mang no-ron nhan tao va phép bién ddi Fourier dé phat hién
hinh 4nh thé cin cude gia mao” nham 4p dung cdc mé hinh hoc méy tién tién, két hop
v6i phép bién dbi Fourier trong Xir Iy anh dé phat hién nhitng ddu hiéu gia mao trong
hinh anh thé cin cude, lam co s dé cai tién hé théng dinh danh dién tir.

2. Téng quan vé vin dé nghién ctru

Céc td chirc cin dinh danh dién tr ngudi ding s& phat trién cac img dung trén
thiét bi di dong. Quy trinh dinh danh dién tir s& thudng s& trai qua ba budc. Budc mot:
thu nhén anh gidy to tity than: hé théng yéu ciu nguoi ding dit gidy to tiy than lén
mit phing, sau d6 chup gidy to tiy than d6 bing camera cua thiét bi (bit budc chup

trirc tiép khi dung tng dung, khéng cho phép ngudi ding tai anh c6 sin 1én). Hé théng



kiém tra xem anh d6 c6 phai I4 anh that hay khéng. Anh thit dugc hiéu 13 anh dugc
ngudi ding chup true tiép gidy t& tiy than. Khi 4nh dau vao hop 1¢, ngudi ding s&
dugc chuyén qua budc hai: kiém tra sinh tric hoc khudn mit. Qud trinh ndy c6 16gic
hoat dong trrong tur rthu bude thir nhat — yéu cdu ngudi dung truc tiép quét khuén mit
cua minh béng camera sau d6 kiém tra tinh chan thuc cia birc 4nh d3 chup. Budc ba,
trich xuét thong tin quang hoc tir gidy to tiy than va hinh anh khudn mit néu ca hai
budc trén déu hop 18. Dé tai tap trung vao bai todn phat hién hinh dnh gidy to ity than
khong phai 1a 4nh thét, cu thé 13 phat hién cc anh thé cin cude duge chup gian tiép
qua man hinh thiét bi dién tir khac. Viéc nghién ciru duge tién hanh qua hai nghién
ctru thanh phén 13 (i) nghién ctru céc wu diém, nhugce diém khi st dung mang no-ron
nhén tao VGG16, phép bién dbi Fourier va cic b loc tAn sb trong viéc phat hién cac
yéu t6 gia mao trong thé cin cudce va (i) nghién ctru, x4y dung va danh gia tinh kha
thi, tinh hidu qud mdt mang no-ron nhan tao két hop gitta VGG16 va phép bién dbi
Fourier dé& phat hién cac déu hiéu gid mao cua hinh anh thé cén cude. Trén co 56 do,

d& 4n tét nghiép dugc trinh bay theo ba chuong nhu sau:

Chuong 1: Téng quan v& vAn @& hinh anh thé cin cude gia mao.

Chuong 2: Phuong phép phat hién hinh anh thé cén cudc gia mao

Chuong 3: Xy dung va danh gida mo6 hinh
3. Muc dich nghién ciru

Muc dich ctia nghién ctru 1a thir nghiém va danh gia mirc 6 hiéu qua cia viée
str dung mang no-ron nhén tao két hop véi phép bién ddi Fourier trong phat hién hinh

anh thé ciin cuée gia mao. PE hoan thanh muc tiéu nay, nghién ciru s€ ti€n hanh cac

nhiém vu sau:

- Nghién ctru ddc trumg cta hinh anh thé cin cudce va cic dau hiéu nhan bict

gitra thé thit va thé gia.

- X4y dung bd dit liéu hinh anh thé cin cudc that va gia phuc vu cho qua trinh

huén luyén va kiém thir md hinh.



- Nghién ctru chi tiét mé hinh mang no-ron nhan tao VGG16 va céch thitc né

c6 thé dugc ap dung trong nhan dang hinh anh.

- Nghién ctru phép bién ddi Fourier va tmg dung cila n6 trong xit 1y anh, dic

biét la trong viéc phét hién nhimng bat thuong vé tin sb ctia hinh anh.

- Tim hiéu c4ch két hop giita mang no-ron nhan tao VGG16 va phép bién ddi

Fourier ¢ t5i wu héa qué trinh phat hién hinh anh gia mao.

- X4y dung mé hinh, tién hanh huén luyén mang no-ron, va dénh gia két qua

qua cdc ti€u chi nhu d§ chinh xac va hiéu suét cia mé hinh

Nghién ctru nay huéng dén viée cung cip mét giai phap méi trong viée chéng
gia mao gidy to tily than khi thire hién dinh danh dién tir, gop phin néng cao tinh bao
mét cho cac hé théng nay.

4. Pé6i twong va pham vi nghién ciru
4.1. Péi tuong nghién ctru

Déi tugng nghién ciru cta @& tai 13 cac hinh anh gidy & tiy than, bao gdm:
gidy chimg minh nhan dén, thé cin cude cong dan, thé can cude, hd chiéu bao gbm
¢4 hinh anh that va hinh anh gia mao.

4.2. Pham vi nghién ctru

a. Pham vi khong gian: B dit li€u ma ngudn md& hinh anh thé cin cudce cong

khai trén Internet khoang 72.793 anh.
b. Pham vi thoi gian: Tir thang 8 ndm 2024 dén thang 11 nam 2025.
5. Phwong phap nghién ctru

Su dung phuong phap nghién ctru dinh luong, bao gdm thu thap céc thdng tin
va dit liéu dudi dang s6 hoc, 6 liéu c6 tinh chit théng ké d& c6 duoe nhimmg théng tin
co ban, tbng quéat vé d6i twong nghién i nhim phuc vu muc dich théng ké, phan

tich.



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

1.1. Giéi thiéu vin dé phat hién hinh inh thé cin cuédc gia mao.

Mot trong nhitng diém chinh ciia cic vu lira dao trén mdi trudng dién tir 1a
viée ké gian tao ra cdc gidy t0 gia mao dé mé tai khoan ngan hang hogc gia mao danh
tinh nan nhan. V&i su hd trg cia cong nghé hién dai, nhimg gidy t& gia niy ngdy cang
tinh vi, kho phan biét voi gidy to that. Hién nay, k¥ thuat gian l4n phd bién thuong
duoc ké gian sir dung 12 st dung hinh anh thé cin cudc gian tiép qua man hinh thiét
bi khéc. Ké gian dung céc thiét bi nhur dién thoai, méy tinh bang hodc méy tinh dé
mé hinh anh cia gidy to rdi danh lira hé théng ring d6 1a mot chiée thé cin cudc thét
dé qua mat cac img dung dinh danh dién tir. Vi du minh hoa cho hanh vi ndy duoc
thé hién trong hinh 1.1. Hanh vi trén khong chi gy thiét hai nghiém trong vé kinh té
ma con Jam suy gidm nidm tin cta ngudi dan vao cac hé théng tai chinh va dich vu
trire tuyén. Vi vay, viéc phét hién va ngin chin kip thdi cac gidy t& gia s& déng vai

trd quan trong trong viéc giam thiéu céc vu lra dao trén khong gian mang.

Hinh 1.1: Minh hoa qud trinh dinh danh dién tir bang thé cén cude that (bén trdi)
va thé cdn cudc gia mao (bén phdi)
1.2. Cac nghién ciru lién quan
Bai todn phat hién gid mao ndi chung va bai todn phat hién thé cin cudc gid

mao néi riéng 14 linh vue thu hit nhiéu sy quan tdm clia cong dong khoa hoc. Ba ¢6



nhidu nghién ciru v& linh vuc nay, tir phuong phép trich xuét dic trung don gian dén

nhitng phurong phép hoc sdu tién tién.

Polevoy va cong su (2022) [4] da sir dung kién tric ResNet-50 [5] cho muc
dich phén loai hai nh3n: anh that (4nh thé cén cuée duge chup truc tiép) va anh gia
mao (anh dugc chup lai tir anh cin cude hién thi trén thiét bi dién tr). Sir dung tham
s6 duoc huén luyén sin trén tip dit liéu ImageNet [6]; dong bing 49 trén tdng 50 16p;
thay thé ham softmax cudi thanh hai chiéu; sitr dung him mit mat: binary cross-
entropy; sir dung ham t8i vu: Adam véi téc do hoc (learning rate) 0.1; Téc gia six
dung bg dir liéu DLC-2021 [4] va MIDV-2020 [7] cho qua trinh huén luyén va danh
gid mo hinh nay. Trong d6, qua trinh hun huyén sir dung 19.543 anh gia, va 25.980
anh that, qud trinh d4nh gia sir dung 11.006 anh gi4 va 16.264 anh that. Két qua cho
thiy Resnet-50 da thu duoc cho hidu ning tét, véi do chinh xac (precision): 85.89%,
do phu (recall): 89.03%, va dg chinh xéc (accuracy) 14 89.67%.

Kunina va cong sur [8] gi6i thi€u mét bd phét hién dnh chup man hinh gia mao
tap trung vao vung bién cua thé cin cudce. Cac dai hep doc theo mép anh cén cude
duoc 1am ndi bat va dp dung bién ddi Hough nhanh dé 1am 16 c4c van nhiéu (moiré)
dang soc. Trén ciing mét bo dit li€éu cuia Polevoy va cdng su [4], phuong phép nay dat
dd chinh x4c theo 16p duong (precision) 93,5%, d6 bao phu (recall) 90,5% va do
chinh xac téng thé (accuracy) dat 92,1%, dbng thoi chay nhanh hon khoang 1,5-2

lan.

Markham va cfng sy (2023) [9] d4 st dung bdn mé hinh tao sinh dé tao ra céc
hinh 4nh thé cin cudc gid mao, sau d6 huin luyén mang MobileNetV2 [10] dé phan
loai that gia. Dir liéu kiém thir dugc x4y dung bing cach tdng hop tir cac b dit liéu
cOng khai nhu: MIDV-2020 [7] va DLC-2021 [4]. Trén tap dit liéu kiém thir bao gdbm
anh that va anh gia mao theo kiéu in 4n, hé thdng nay dat ty 18 18i can bang (EER) chi
khoang 3.2% con trén tip dir li€u kiém thir bao g(‘")m anh thit va anh gid mao theo
kidu anh man hinh, ty 18 13i can bang (EER) dat 5.8%.



Al-Ghadi va cOng sy [11] gidi thiéu IDTrust - mét khung hoc séu dé phén biét
&nh thé cin cude thit véi thé gia mao ma khong cAn c4c miu tham chiéu. Nhom dé
xuét hai bién thé: DeepQD, str dung bd ma hod CNN kém mét dﬁu phén loai nhi phan;
vi GuidedDeepQD, bd sung budc loc thong dai dua trén FFT & tién xit Iy dé nhn
manh nén va cdc hoa tiét guilloche bi suy giam do qué trinh quét trude khi dua vao

CNN. M5 hinh dat d chinh xdc gin mirc trdn trén bo dir lisu MIDV-2020 [7].

Zhang va cong su [12] thuc hién mét tong hop vé cac phuong phap phét hién
anh thé can cudc gia mao dua trén tri tué nhan tao. Zhang va cong su tdng hop 43
nghién ctru, phan loai cic huéng tiép can hién co, ddng thoi chi ra nhitng wu diém,

han ché va c4c thach thirc con bd ngd.

Mé réng hon, dbi voi bai toan phét hién khuén mit gii mao, Zeng va cdng su
(CVPRW 2023) [13] giai quyét bai todn nay bing mé hinh hai nhanh mang no-ron
tich chdp EfficientFormerV2 [14] trong d6 mét nhanh ding 4nh gbc, nhanh con lai
da duoc loc qua bd loc Gaussian va phép bién ddi Fourier, sau d6 ding md-dun chi
y chéo da tAng dé két hop dic trung. Trén b dit liéu Face Anti-Spoofing
Challenge@CVPR2023, md hinh nay dat m6 hinh nay dat ty 1€ 16i trung binh (ACER)
6.22% va xép thir tur trong cudc thi.

Yu va cong su. (2020) [15] c6 cach tiép can bai toan phat hién khudn mit gia
mao bang cach thay thé cac 16p mang tich chap thong thudng béng mang tich chap
chénh 1éch tap trung (Central Difference Convolution) va két hop thong tin cudng
6, véc-to lugng giam (gradient) tai mdi didm anh. Kién triic nay cho két qua tét, dat
ty 1& 18i trung binh (ACER) thip (0.2%) trén b¢ dit liéu OULU-NPU nhénh Protocol-
1 [16] va ty 1& 16i HTER 6.5% khi danh gia chéo trén bd dit liéu CASIA-MFSD [17].

Céc phuong phap phat hién gia mao nay cé xu hudng uu tién stir dung cac mo
hinh hoc sdu tién tién, méi duoc cong bd gin ddy. Nhitng mo hinh nay thudng c6 quy
md 16n, cAu triic phitc tap, va yéu cu tii nguyén tinh ton dang ké d& huin luyén va

trién khai. Cac nghién ciru ndy van chua quan tdm nhiéu dén viéc khai thac cdc ki€n



tric mang co ban, én dinh, d€ trién khai va dé tinh chinh trong cc hé théng c6 yéu

ciu cao vé tbe do xtt ly thoi gian thwe va tdi wu tai nguyén phén cimeg.
1.3. Giai phap giai quyét vin d& ciia dé 4n

Viéc nghién ciru cdc mo hinh truyéﬁ théng va co ban nhu VGG16 nhung chii
trong vao viéc tinh chinh kién triic mo hinh, t8i uu héa tham sb hoan toan c6 thé mang
lai hiéﬁ qua rd rét, twong duong véi viée sir dung cdc mo hinh méi. Day la mt huéng
tiép can kha thi. Do do, d2 4n tap trung vao viée téi ru héa cac mod hinh co béan, ting
cudng thiét ké kién tric méi dua trén nhitng mo hinh d6, x4y dung chién luge hudn
luyén hiéu qua va str dung thém cac k¥ thuét xir Iy anh dé nang cao tinh hiéu qua cho

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

Mang no-ron nhén tao, dac biét 12 mang VGG16 thudng dugc st dung trong
viéc trich xuét va phén biét cac ddc trung hinh anh. Trong khi d6 phép bién dbi Fourier
va céc bo loc tAn sb thudong dugc img dung dé lam ndi bat cac dic trung vé tin sb,
tinh vi, khé phat hién trong hinh anh thong thuong. Vi vay d8 &n trinh bay y tuéng
két hop mang no-ron nhén tao VGG16 véi phép bién ddi Fourier dé ting cudng kha
ndng phat hién cac dAu hiéu gia mao trong hinh anh thé cin cudc néi riéng va gidy to

tly thin noi chung.

P& 4n duoc trién khai theo ba giai doan. Pau tién, xay dung tap dit liéu hinh
anh thé can cude, bao gdm dit liéu hudn luyén, kiém tra va kiém thir. Tiép theo, xay
dung, huin luyén va tinh chinh mé hinh. Qua trinh nay sir dung ngén ngit 1ap trinh
Python, thu vién hoc siu Pytorch, thu vién xir Iy anh OpenCV va céc cong cu hd tro
khac. Cudi ciing, danh gia mo6 hinh dudi hai khia canh 14 d6 chinh xé4c va hiéu néng
hoat dong, ddng thdi so sanh v6i mot s8 mang khac dé kiém chimg d6 hiu qua.

Hudéng nghién ciru nay md ra huong tiép can mdi trong viéc trién khai céc giai
phap dinh danh dién tir chi phi thip nhung do chinh xac cao, phit hop véi bdi canh

tai Viét Nam va cac quc gia dang phat trién.



1.4. Két ludn

Chuong nay da khai quat bai toan gid mao thé cin cudc trén moéi truong dinh
danh dién tir, 1am 3 hinh thirc gian 1an gidy to tuy thin bing phuong phap chup gian
tiép qua man hinh thiét bi khac, sau d6 néu cc nghién ctru lién quan dén bai toan nay
va phuong phép gidi quyét vin dé cta dé &n. Céc nghién ctru hién nay cé han ché 1a
thudmg tAp trung vao mé hinh méi ma chua chi trong dén viée tinh chinh, ning cao
hiéu suit ctia cac m6 hinh co ban va phét huy cac loi thé ciia cac phuong phap xir ly
anh nhu phép bién ddi Fourier rdi rac. Giai phap gidi quyét vin dé ciia dé 4n 13 tap
trung vao mang no-ron VGG16 va phép bién dbi Fourier, dong thdi nghién ctru
phwong 4n tich hop hai chién Iugc nay dé t81 wru viéc phat hién thé can cude gid mao.

Day 14 co s& ly thuyét co ban cho cic chuong sau.
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CHUONG 2 - PHUONG PHAP PHAT HIEN HiNH ANH THE CAN CUGC
GIA MAO

2.1. Giéi thiéu vé phép bién ddi Fourier

Phép bién ddi Fourier 1a mot phuong phap toan hoc duge sir dung trong linh
vuc xir I anh, nén hinh anh, khéi phuc hinh anh, xtr I 4m thanh, truyén thong s, va
nhiéu Iinh vue k§ thuat — khoa hoc khéc.

2.1.1. Phép bién ddi Fourier r&i rac hai chidu.

Phép bién d6i Fourier r&itac hai chiéu 13 phép tinh dua tin hiéu nhu tin hiéu
4m thanh hodic tin hiéu hinh anh tir mién thoi gian hoic khong gian sang mién tan sd,
muc dich 1a phén giai tin hiéu d6 thanh tdng cac thanh phén song sin hoic cos véi cac
tin sé khac nhau [18]. Gi4 str diu vao 1a mdt birc anh xam p(x, y), kich thusc M x N,

phép bién do6i Fourier roi rac hai chiéu cho birc anh nay nhur sau:

ux vy

I N-
Fp(u,v) = z p(x, y)e 2t (2.3)
y:

..ME

V&i p(x, y) 1a mot gid tri pixel & hang x ¢dt y; Fp(u, v) 1a ma trdn phd tan s tuwong
tng véiu=0,1,2,....M —1;v=10,1,2,...,N — 1. Phép bién déi Fourier roi rac
nguoc dé chuyén Fp(u, v) thanh p(x, y) nhu sau:

M—-1N-
] UX vy
p(x,y) = —M—Z z Fp(u, v)e’z” %) (2.4)
= y:

Hai phuong trinh trén tao thanh mét cap bién dbi Fourier rdi rac, ky hiéu la p(x, y) ©
Fp(u,v).

Cooley va Tukey dé xuét thuat toan bién d6i Fourier roi rac nhanh (Fast
Fourier Transform - FFT), giup t6i uu héa chi phi tinh toan trén may tinh. FFT ép
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dung chién lugc "chia dé tri", gitip giam ding ké @6 phirc tap tinh toan, tir O(N %)
xudng con O(NlogN) [18].

2.1.2. Nguyén ly va cach thyc hién loc t4n s bing phép bién déi Fourier trén énh.

2.1.2.1. Céc dic trung tin s6 trong anh

Ph tAn sé cung cdp thong tin quan trong vé cAu trac va tinh toan ven ciia hinh
&nh ma mién khong gian kho hién thi. Theo R.C. Gonzalez, va R. E. Woods [3], su
phén bd ning lugng trong mién tin s6 phan 4nh truc tiép cac dc tinh hinh thai cia
anh:

- Tan sb thip co lién quan dén c4c thanh phin cudng do thay dbi chim trong

hinh anh (vi du: cac birc tudng cia mét cin phong, bau troi khéng may).

- Tan s6 cao 1a do su chuyén doi dot ngdt vé cuong d6 (vi du: cac canh bién,

véan nhidu).

Trong mdt birc anh 18, ¢6 nhiéu ving tan sO cao hon. Trong mét birc dnh mo,
¢6 nhiéu ving tan sO thap hon. Tir d6 c6 thé st dung mién tan sO d¢ phén biét anh rd
nét va anh mo.
2.1.2.2. Khai niém loc tan s6

Trong mién tan s6, bd loc 1& mot mét na phi 1én phé tan s6 cla anh dé giif lai
hoic loai bd mot dai tin s6 nhat dinh. B loc tan s6 cao cé tac dung loai bot hodc trigt
tiéu cac thanh phan tan s6 thap, chi gitt lai cac thanh phan tan so cao, dong nghia céc

dudng nét, chi tiét két cAu, duong bién, canh s& duge gii lai. Nguoc lai, b loc tén s6

thap gitp loai bo cac chi tiét tin sé cao va chi gifr lai céc thanh phin c6 tin s6 thap.
2.1.2.3. Céch thuc hién bd loc tan sb

Cho birc anh du vao 12 nh xdm c6 kich thude M x N, mdi diém anh tai hang x, ct

y ¢6 gié tri p(x, ). Trong trudng hop buc anh dAu vao 1 anh mau (4nh RGBY), cin
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thue hién viéc chuyén anh sang dnh xdm theo cong thirc (2.5). Hinh 2.1 minh hoa qua
trinh chuyén dbi tir anh mau sang anh x4m.

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

Hinh 2.1: Anh xdm (bén phdi) thu dwoc sau khi chuyén doi tir anh mau (bén trdi)
Pé thyc hién bd loc tAn s trén birc anh nay cAn thue hién céc bude sau:
Budce 1: Chuyén anh tir mién khéng gian sang mién tan sb

Ap dung cong thitc (2.4) vao birc dnh xam d4u vao, thu dugc ma trin phé thn
s& dAu ra. Sau do, tién hanh dich phd tin sb theo cong thirc (2.6) dé cac tin sb bang
0 s& nim tai vi tri trung tim cia ma trin, viéc dich phd nay gitp d& dang quan sat mit
na tn sé dudi dang vong tron ddng tAm, cac tin'sb thip nim xung quanh tim cia
phd, cac tAn s6 cao nim & bién, ciing nhur d& dang thao tac v6i cc bd loc & budce tiép
theo.

, M N
Fpgpisi(u,v) = Fp ((u + ?) mod M, (v + —2—) mod N) (2.6)

Qua 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 xdm goc.
Hinh 2.3: Anh phé tan sé Fourier

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

Buéc 2: Thiét ké b loc tin sb

Cé6 ba loai bd loc phé bién cho bd loc tn s 1a bd loc ly tuong, bo loc
butterworth va b loc Gaussian. Trong pham vi cua d@ 4n, chi gidi thicu vé bo loc ly

tudng.
Dinh nghia bd loc théng thip 1y twdng:

_(1,D(u,v) £ D,
Hu,v) = {O,D(u, v) > Dz, @2.7)

DPinh nghia bd loc théng cao ly tudng:

_(0,D(u,v) < Dy,
H(u,v) = {1, D(u,v) > Dz, (2.8)

Voi:

D(u,v) = J(u - %)2 + (v — %) (2.9)

Va D, 12 ban kinh phan giit lai.
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Cén hru y chon gia tri D, phit hop. Trong bd loc tin sb thip, néu D, qua nhd
thi anh diu ra s& rat mo, nguoc lai néu Dy qua 16n thi chi loai bé dugce rat it phﬁn
nhiéu. Trong bd loc tAn sb cao, néu D, qua nhd thi s& gitr lai gﬁn nhu toan bo tin sd
cao, viée loc khong hiéu qua, nguoc lai néu D, qud 16n thi s& chi lam ndi bat duge

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

Vé ru diém, bd loc tan s6 Iy tudng s& cit dirt hoan toan cac thanh phin tan sé
vuot ngudng, tuy nhién, nhuge diém 14 s& tao nén mét ranh gidi giita phén da dugce
loai bd va phan con lai twong d6i 18 rang, dn dén hién turong ringing, hay con goi la

hiéu tng Gibbs.
Bude 3. Ap dung b loc vao anh tin sd va bién ddi Fourier nguoc

Sau khi d4 ¢6 bd loc H(u, v), ¢6 thé 13 loc tin sé thip hoic tin s cao tity nhu
cau sir dung. Tién hanh 4p dung b6 loc vao anh theo cdng thirc (2.10). Két qua thu
duge G (u, v) 1a phd tin sé da duoc loc, tirc 1a chi con cic thanh phén tin s6 mong

muén. Qu trinh nay dugc minh hoa trong hinh 2.5, hinh 2.6 va hinh 2.7.

G(w,v) = H(u,v) X Fpspiy (u,v) (2.10)

(2.5) (2.6)

Hinh 2.5: Anh pho tan so Fourier ban dau
Hinh 2.6: Mt na tén s6 cao véi ban kinh bc%ng 20.
Hinh 2.7: Anh pho tan s6 Fourier sau khi dp dung mdt na
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P& ¢6 thé bién d6i Fourier rdi rac nguoc, can tién hanh dua cic diém tan s6

bing 0 vé goc theo cong thie (2.11)

M N
Gunsnipe(W, V) = G ((u + -5) mod M, (v + —2-) mod N) (2.11)

Ap dung cong thirc bién dbi Fourier rai rac nguoc (2.12) vao Gynspir: (W, V)
Két qua thu dugc g(x,y) 1a anh d3 loc trong mién khéng gian. Qud trinh nay dugc
minh hoa trong hinh 2.8, hinh 2.9 va hinh 2.10 duéi day.

M—-1N-1

1 o (UX VY .
TN Gunsnirt (W, v)e}21r(—1\—4—+ N) (2.12)
MN f

x=0

glx,y) =
0

y:

(2.8) (2.9) (2.10)

Hinh 2.8: Anh phé tan s6 Fourier sau khi da dp dung mat na.
Hinh 2.9: Anh phé tén sé Fourier khi dich nguoc
Hinh 2.10: Anh ph5 t4n s6 sau khi bién doi Fourier roi rac nguoc

2.2. Gi6i thiéu vé mé hinh mang no-ron nhén taoc VGG16
2.2.1. Gi6i thiéu vé hoc siu, mang no-ron nhén tao.
Hoc sau la mét nhanh ctia hoc may, cho phép x4y dung cac mang no-ron nhén

tao dé biéu dién dir liéu va bién doi dit liéu & cic muc d9 triru tuong khac nhau. Mang

no-ron nhén tao gdm nhiéu I6p chdng 1én nhau. Céc 16p phia sau lién tiép bién dbi
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dAu ra ciia 16p 1ién trude thanh cdc biéu dién dic trung ngdy cang rd rang va sac nét
hon. Dé tao ra mét mang no-ron nhan tao, thuong s& can hai qua trinh co ban: Qua

trinh huin luyén va qué trinh dénh gid mang.
2.2.1.1. Qua trinh huén luyén, ham mét mat va qua trinh t61 ru héa mang.

Trong mét 16 gdbm B miu dugc s dung d& huin luyén mang, goi X =
(x4, %5, . r Xg), X € B 12 mot miu dAu vao cuia mang. Muyc tiéu clia qua trinh huin
luyén 12 tim b6 tham s t5i wvu W = (wy, w,, ..., Wy, ) sao cho nhan déu ra du doan
thu dugc khi di qua mang no-ron: § = f(X, W) cang gAn v6i nhan thie € y cang tot

trén tap dir liéu.

Pé danh gia d6 khac biét gilra cic nhin d4u ra du doan $ véi nhan thuc té y,
cAn sir dung mot ham d4nh gia duoc goi 1a ham mét mét. Con qué trinh t8i vu hoa @&
nhan du doan gﬁn v&i nhan thue té sau mdi bude hun luyén duogce goi 14 qua trinh tbi

vu héa vée-to luong gidm (gradient). Ham mét mét dugce dinh nghia nhu sau:

B
1
L=2> 16y (2.13)
n=1

Trong d6 1($,, y») 12 ham mit méat cho mét mau, ham méat mat thuong dugc

sit dung c6 thé 1a Cross-Entropy, MSE,...

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

gradient), véc-to nay chi huéng ting nhanh nhit cia ham méat mét:

oL

= (2.14)

g

Cudi ciing, tham sb ctia mang duge cip nhat theo mdt phuong phap t61 uu hoa

gradient:

Wi = Wy — a X A(gy) (2.15)
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Trong d6 a 13 hé s6 the d6 hgc, W; 14 véc-to tham s tai bude thir t, g, 12 vée-
to gradient tai budc thir t. A(g,) la thudt todn bién dich gradient, c6 thé 1a: Gradient
Descent, SGD, Adam, RMSProp.

Qua trinh nay 1dp di ldp lai, mang sé& din tim dugce bd tham sd W ti wu. Qua
trinh két thic khi da s luong chu ky da cai dat hodc dat mét diéu kién danh gid mang

duoc cai dit nao do.
2.2.1.2. Qua trinh d4anh gia mang

Qué trinh dénh gi4 mang 13 budc quan trong dé xac dinh mire do chinh xéc
ctia m6 hinh trén nhimg dit lidu chua timg thiy trong qua trinh huin luyén. Trong cac
mang no-ron gi4i quyét bai toan phan loai nhi phén, dAu ra ciia mang s& gém hai nhin:
nhan duong (positive) hodc nhin 4m (negative). Dya vao nhin du dodn va nhan thuc

t&, ¢6 thé chia két qua du dodn thanh bén phin, bao gbm:
- TP (True Positive): du do4n ding miu duong.
- FP (False Positive): du doan sai, du doan duong, thuc t& 1a mau am.
- TN (True Negative): du doan ding mau am.
- FN (False Negative): du doan sai, du doan am, thuc té 13 mau duong.

Tir nhimg chi sb trén, c6 thé 1ap thanh cc chi s6 d4nh gia khic nhau d&é danh
gid mang trén tip dir liéu kiém thir, thy vao tinh chét bai toan phan loai, thudng st

dung mét hodic két hop cac chi sb danh gid sau:

- Ma trin nhim l4n (confusion matrix): 1a mdt ma tran két hop tu bdn chi sb

trén, thé hién s lugng truong hop ding/sai du doén theo mdi chi sd.
- D6 chinh x4c téng thé (Accuracy):

TP+TN

A = 2.16
CCUracy =op Y TN + FP + FN (2.16)
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- D6 chinh x4c ctia miu duong (Precision):

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

_ 2 - Precision - Recall
=

(2.19)

Precision + Recall

Ngoai ra, trong cc bai toan phat hién gia mao, theo ISO/IEC 30107-3:2023
[19], APCER (Attack Presentation Classification Error Rate) tirc ti 1& mau gia bi phan
loai sai thanh nhén that vi BPCER (Bona Fide Presentation Classification Error Rate)
tire ti 1& mAu that bi phan loai sai thanh nhin gia 14 hai chi sb quan trong gitp danh

gia do chinh xédc va tin cdy clia mang no-ron nhén tao.

APCER = BN (2.20)
T TP+ FN '

BPCER = il (2.21)
" TN + FP '

Ngoai viéc do lrong céc chi sb v& d6 chinh x4c ctia mang, viéc do ludng cac
thong s6 v& hidu ning ciing rat quan trong, cac chi s6 nay bao gbm: sb hrong tham 56
(parameters), do phuc tap tinh toan (floating-point operations - FLOPs), toc do thue
thi (speed).

Qua trinh danh gi4 mang 13 budc trong yéu trong vong doi phat trién mé6 hinh
hoc sau. Viéc lya chon chi sé dénh gia phit hop dam bao md hinh dat hiéu suét cao

va hoat ddng hiéu qua trén dir liéu thirc té.
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2.2.2. Gidi thiéu vé mang no-ron tich chip

Mang no-ron tich chdp 1a mét kién trac duge thiét ké dé xir Iy dit liéu hinh anh
va cdc dit liéu ¢6 cAu trie luéi ma tran tin hiéu thoi gian. Diém khac biét co ban clia
mang no-ron tich chdp so v6i mang no-ron truyén théng khéc nim & cach thie xtr ly
thong tin diu vao: thay vi trai phing véc-to anh diu vao sau do6 két ndi tuyén tinh
toan bo diém dir liéu vao tirng no-ron thi mang no-ron tich chap td chirc cic no-ron
thanh nhing véc-to dic trung khong gian va thuc hién phép tich chip gitra bj loc va
cacving cuc bd cia anh. Cach tiép cin nay giup mang hoc dugc cac dic trung khong

gian nhu canh, géc, hoa tiét, ddng thoi giam thiu sé lugng tham s6 can huén luyén.

Thanh phin co ban cia mang no-ron tich chip bao gbm: 16p tich chap
(convolutional layers), cac 16p kich hoat (activation layers), 1ép gop (pooling layers),
16p két néi diy @t (fully connected layers), 1op chuén héa (batch normalization
layers), 16p luge bod (dropout).

2.2.2.1. Lop tich chap.

Lap tich chédp (convolutional - Conv) 1a 16p- phé bién nhit trong mang no-ron
tich chdp. Gia str, véc-to anh dAu vao c6 kich thudec H X W X € trong d6 H 14 chidu
cao, W 1a chidu rong, va C 14 s6 kénh mau. Mot 16p tich chép str dung K bd loc
(kernel/filter) F; kich thuée f X f, i < K mdi bd loc ¢ s6 kénh bing C. Qua trinh
tich chap la phép lip mdi bd loc F; trén toan véc-to ddc trung anh, tinh tich vo huéng
gifta trong s6 clia bo loc va viing con twong tng trén véc-to dnh, sau d6 cong thém hé
s6 chéch léch (bias) va dua qua ham kich hoat. Két qua tao ra mot véc-to diu ra co

kich thusc(H' x W' X K), trong doé:

H' = [H+—Zsp—-_fj +1 (2.23)

w' l%j +1 (2.24)

v6i s 13 hé sé truot (slide), p 13 hé sb kich thudc bién (padding).
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M3i bo loc trong 16p tich chdp chuyén trich nhdn dién mét ddc trung cu thé,
vi du canh, géc, hodc hoa tiét. Ban dau, trong sé ctia cac b loc dugce khai tao ngiu
nhién; sau d6, thong qua qua trinh huén luyén, mang sé diéu chinh céc bd loc nay sao
cho véc-to diu ra thé hién nhitng dic trung phi hop. Nhé dp dung nhiéu bd loc song
song, 16p tich chap c6 thé phét hién ddng thoi nhiéu dudng bién, két céu, ciing nhur

cac mAu vét phirc tap.
2.2.2.2. Lép kich hoat.

Sau khi thuc hién phép tich chap, du ra thuong duge dua qua 16p kich hoat
nhur ham ReLU (Rectified Linear Unit), ham Leaky ReLU, ham Sigmoid, ham
Softmax, ham Tanh,.... L6p kich hoat c6 tac dung gitip mang hoc duge nhiing déc
trung phirc tap hon, hodc gidm tai qua trinh tinh toén,... Vi dy, ham ReLU dugc dinh
nghia 13 f(x) = max(0, x) c6 tac dung loai bo gia tri 4m, giip mo hinh héi ty nhanh

va giam thiéu vin dé tiéu bién gradient.
2.2.2.3. Lép gbp

Lép gop ¢6 nhiém vy gidm kich thude cua cdc vée-to déc trung, tir do gidm s6
luwong tham s, ting kha ning khai quat héa vi giam thiéu vén dé qua khop vao tip

huén luyén. Hai dang phd bién nhat cta 16p gop 1a Max Pooling va Average Pooling.
2.2.2.4. Lop két ndi diy da

Sau khi véc-to anh dau vao di qua chudi cac 16p mang trong khéi mang tich
chép trich xuit dic trumg (chi yéu 1a 16p tich chap va 16p gdp), mét véc-to dic trung
khong gian dau ra di dugc trich xuit va cb dong. Tiép theo, cAn mdt hoic nhiéu 16p
két ndi day du (fully-connected) 12 bd phén loai & cubi kién tric CNN. Lép cubi cling
thuong ¢ s luong no-ron tuong tng vei s6 luong nhan cia bai toan. Ham kich hoat
Softmax duge 4p dung tai ddu ra d& chuyén dbi cac gia tri logit thanh phan phéi xéc

suét dir dodn cho ting phan 16p.
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2.2.2.5. Lép luge bo

Lép luge bé (dropout) nhim ngan chin tinh trang qué khop, bang cich ngiu
nhién vo hiéu héa moét ty 1€ p no-ron trong qua trinh hudn luyén. Khi d6, ma phai hoc
duoc dic trung phén tan & nhiéu no-ron khéc nhau thay vi tip trung vao mdt hodc

mdt vai no-ron cu thé nao do.
2.2.2.6. Lép chuén héa tich chdp

Lop chudn héa tich chip nhan dit liéu dAu vao cho mdi 16 nhd (mini-batch) va
chuén hoa gia tri sao cho ¢6 gia tri trung binh béng 0 va d6 léch chuén bing 1, sau d6
nhan vé6i hé s6 t7 16 y va cong thém hé sb dich B. Muc dich chinh Ia ¢é giam hién
twong thay d6i phan phdi dAu vao cia mdi 16p theo qué trinh huén luyén. Pidu nay
cho phép diing qué trinh huin luyén c6 thé ding hé s ti 1¢ hoc (learning rate) 16n
hon, t6i wu m6 hinh nhanh hon,

2.2.3. M6 hinh mang no-ron VGG16

2.2.3.1. Lich st ra doi.

Simonyan va Zisserman (2014) [20] da gi6i thiéu v& c4c cAu hinh mang khéc
nhau ctia mé hinh mang no-ron tich chdp. Pic trung ctia mang nay 1a vige tang s&
Juong 16p tich chép 1én so véi phién ban trude dy, va str dung nhiing cira 30 loc ¢6
kich thuée rat nho (3x3) thay vi st dung cira sd loc ¢6 kich thuée 16n hon nhur (5x5)
hay (7x7). Muc dich ciia viéc nay 13, (i) dé mo hinh c6 kha nang phan héa tt hon, va
(i) dé giam sé luong tham sé trong mang. Cac cdu tric mang.duge Simonyan va

Zisserman gi6i thiéu dugc biéu thi & bang dudi day.

Tén ciu hinh | S6 16p

A 11 16p bao gdm 8 16p tich chap va 3 16p két néi day da
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A-LRN 11 16p bao gdm 8 16p tich chap va 3 16p két ndi dy dii nhung bd
sung thém 2 16p Chudn héa phin hdi cuc bd (Local Response
Normalization - LRN) sau mdi hai 16p tich chap déu tién.

13 16p bao gdm 10 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

16 16p bao gdm 13 16p tich chép va 3 16p két ndi day dir

b g a w

19 16p bao gdm 16 16p tich chap va 3 16p két ndi ddy do

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

Zisserman

Tén goi VGG16 1a tén goi khong chinh thirc, bét ngudn tir viée sir dung mang
no-ron tich chap v&i ciu hinh D. VGG viét tit cia t6 chirc “Visual Geometry Group”,
mét td chirc khoa hoc k¥ thuat thudc dai hoe Oxford, noi cong tac cla tic gia. 16 14
s lwong 16p no-ron trong mang, bao gém 13 16p mang tich chap va 3 16p mang két
ndi ddy dd. VGG16 14 mét md hinh tich chap hiéu qua trong viéc nhdn dién va phan
loai hinh 4nh. Theo Simonyan & Zisserman (2014) [20], VGG16 dat dugc dg chinh
xAc 92.7% tap kiém thir trén tp dir liéu ImageNet [6), xét theo chi sb Top-5.

Tham sb mang duoc huén luyén sin véi bd dit liéu ImageNet [6] thudng dugce

stt dung trong k§ thuét hoc chuyén giao nhim rit ngén thdi gian huan luyén mang.
2.2.3.2 Céu tric mang

VGG16 c6 khoang 138 tridu tham s6, trong d6 13 16p tich chap c6 khoéng 18
triéu tham s6, con lai 120 triéu tham s ndm & ba 16p két ndi day da cuéi ciing. Hinh
anh du vao dugc chudn héa vé kich thude ¢d dinh 224x224 pixel véi 3 kénh mau
(RGB). Trudc khi dua vao mang, mdi pixel s& dugc trir di gié trj trung binh RGB tinh
trén toan bd tap huin luyén. TAt ca cac 16p tich chip déu c6 hé sb truot (stride) = 1

va hé sb dém bién (padding) = 1 & giit nguyén kich thudc khong gian. Lop gop st
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dung Max Pooling v6i clra s6 2x2 va hé s truot (stride) = 2, 1am gidm mdt nira chiéu

rong va chiéu cao moi lan gop.

Chi tiét vé cac 16p mang ctia VGG16 duge thé hién trong bang 2.2

Khoi Lép Kich thwée
diu ra
1 Conv (3x3, 64) + BatchNoﬁn + 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 (3x3, 128) + BN + ReLU + MaxPool (2x2, s=2) | 56 x 56 x 128
3 Conv (3x3, 256) + BN + ReLU 56 x 56 x 256
Conv (33, 256) + BN + ReLU 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 + ReLU 28 x 28 x 512
Conv (3%3, 512) + BN + ReL.U 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 + ReLU 14 x 14 x 512
Conv (33, 512) + BN + ReLU 14 x 14 x 512
Conv (3x3, 512) + BN + ReLU + MaxPool (2x2, s=2) |7 x 7 x 512
6 Lam phang + Két nbi day di (4096) + ReLU + Dropout | 4096
Két ndi diy du (4096) + ReLU + Dropout 4096
Két ndi day du (1000) + Softmax 1000

Bang 2.2: Chi tiét cdu triic trong mang no-ron VGG16
2.2.3.3 Uu diém va nhuoe diém ciia VGG16

Vé wu diém, VGG16 di ting sé 16p tich chap giup mang hoc dugc cic ddc
trung ngdy cang triru tuong hon, din dén d6 chinh x4c cao trén ImageNet [6]. Hon

nita, toan bé 16p tich chap déu c6 kich thude bd loc 3x3, toan bd 16p két ndi dly du
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d3u c6 4096 no-ron & 2 16p dAu, khién viéc cai it va diéu chinh d€ dang hon so véi

cac mang pha tron nhiéu kich thude bd loc.

V& nhuge diém, kich thudc tham sé ctia VGG16 kha 16n, chiém khoang
533MB v6i 138 tridu tham s6. D2 trién khai m6 hinh c2n bd nhé 16n va kha néng tinh
to4n cao. Vi viy, VGG16 khong phit hop cho nhimg hé thdng yéu cau df tré thip

hodc bd nhé han ché.
2.2.3.4. Ung dung ctia VGG16

Mic di ra doi da 1au, tuy nhién VGG16 van duoc str dung trong céc bai todn
phén loai anh, phat hién vat thé, trich xuét dac tnmg. VGG16 duge huén luyén dé
phén loai 1000 d6i tugng trén bo dit liéu ImageNet [6], dat d6 chinh xac khoang
71.3% theo chi s6 Top-1 va khoang 92.7% véi chi s6 Top-5. Déi v6i cac bd dit liéu
nhdé hon nhu CIFAR-10, CIFAR-100 [21], VGG16 thudng duge s dung trong
phuong phap hoc chuyén giao tir tham sé duoc huén luyén sén, chi cin tinh chinh
mdt s 16p cudi cling dé thich hop voi s6 lugng ddi tugng moi. Ngoai ra, VGG16 con
duge sir dung nhu mdt bd trich xuét dic trung bang cach st dung cac khéi tich chap
dAu tién dé trich xuit vée-to dic trung, sau d6 lam phing dé sir dung trong cac bai
toan khéac nhu bai todn huan luyén “zero-shot”. Nho két qua tot va c4u tric don gian,
VGG16 nhanh chéng tré thanh nén tang cho nhidu nghién ciru sau nay [22] [23] [24],
dic biét trong cac tmg dung hoc chuyén giao (transfer learning) va cdc bai toan xur ly

anhy té, xe tur 14i, v.v.
2.3. Gi6i thiéu vé mo-dun ty chi y

Vaswani va cong su (2017) [25] d& gidi thiéu mo-dun ty chi y (self-attention).
N6 di trd thanh thanh phin quan trong trong nhiéu kién tric mang no-ron, nhat 1a
trong linh vuc xtr ly ngdén ngit tw nhién va thi gidc may tinh. M6-dun tu chi y cho
phép mé hinh tir dong xdc dinh mirc 46 lién quan gitra cac thanh phan khéc nhau
trong cing mdt chudi dAu vao, tir d6 cai thién kha ning hoc biéu dién va méi quan hé

ngit canh.
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Vaswani va cdng su nhan thdy céc kién triic mang no-ron hdi quy truyén théng
dua vao qué trinh tinh toan tun tr theo budc thoi gian s& dan dén viée huan luyén
song song gip nhiéu khé khén, dac biét véi cac chudi dau vao dai. Thém vao d6, viéc
van chuyén théng tin qua nhiéu 16p khién mang no-ron hdi quy truyén théng dé giip
van dé .vé tiéu bién gradient hoic bung nd gradient. Vi vdy, Vaswani va cong su da
thay thé hoan toan co ché xir Iy tudn tir bing mot phép toan cho phép xir Iy dong thoi
moi vi tri trong chudi, gitip cai thién hiéu ning tinh todn va kha ning hoc ngir canh

dai han.

Mo-dun tu chi v ¢6 muc tiéu tinh toan b trong sb a; ; (hay con goi la trong 56
chu ) tir tap cac véc-to dic trung dau vao {xy, Xz, ..., X} nhim biéu thi mc d6 “chu
¥’ ma phén tir thit i danh cho phﬁn t thir j. B trong s6 nay bao gém ba thanh phin
chinh: ma trdn Q (Query), K (Key) va V (Value).

- Query (Q): Tap hop céc véc-to {q,, 45, .., gn} duoc sinh ra tir déu vao, dong

vai trd nhu cdu truy vn thong tin.

-Key (K): Tap hop céc véc-to {ky, k3, ..., k, } cling dugc tinh tir cling d4u vio,
déng vai trd nhur tir khéa ¢ tim truy vén phi hop.

- Value (V): Tap hop céc véc-to {vy, vy, ..., v, } chita thong tin thyc su duge

truyén dén tang tiép theo.

Gia st ma trin diu vao X € R™*dmodel  13-gic ciia md-dun tir chu y (self-

attention) trai qua cac budc sau:

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

ma trin Q, K, V tir véc-to dau vao:
Q =XWe K =XW¥X, V=XWw" (2.25)

véi WO WK, WY € Rimoder*dk
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Bude 2: Tinh tich v6 hudng ti 1€ (Scaled Dot-Product):

T

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

Jax

trong d6 +/d, 12 hé sb chudn héa nhim tranh gia tri tich vd huéng qua 16n khi kich

)V € Rk (2.26)

thuée chidu ting, ddn dén d6 doc cua softmax qud nhd. Két qua 1a ma trén trong sd

. KT re a \ Y ) ~
chiy a =softmax (Q_\/EE) voi @ € R%model@k  Thong thudmg, cic tang clia mo-

dun tu chu y (self-attention) s€ dugc ndi hoidc cong dé tao thanh mé-dun ty chu y da

ting (multi-head attention).

Bén canh co ché ti chil y, Vaswani va cdng sy ciing gidi thiéu mé-dun chi y
chéo (cross-attention). Md-dun chii y chéo cé chu tric twong tw mé-dun tu chu y,
nhurng cho phép mét chudi truy vén tap trung vao cac vi tri quan trong clia mdt chudi
ngit canh khac. Co ché nay dic biét quan trong trong cac bai toan dnh xa tir chudi
ngudn sang chudi dich, nhu trong bai todn dich mdy, khi dau ra tai m&i thoi diém cin

quan st cac vi tri phit hop trong cau ngudn & sinh token tiép theo.
2.4. Gi6i thiéu v& mé hinh VGG16 két hgp phép bién ddi Fourier.

Céc birc anh gia mao thudng chira cac dic trung khéc biét. Hinh anh gia mao
thudng chira céc chi tiét nhar vién man hinh dién thoai, mép khung mdy tinh. Nhiing
duong nét nay s& duge mang no-ron VGG16 trich xudt dic trung va phin loai. Yéu
t6 nay dong vai trd 16n trong viéc phat hién nhimg bét thudomg trong anh chyp thé can

cude.

Tuy nhién, néu chi dwa vao cac dic trung khong gian truyén thong tir anh dau
vao c6 thé bo sét cac diu hiéu nho trong anh gid mao nhu d§ ma 16 ciia anh, cdc van
nhidu,... P& khic phuc han ché nay, tién hanh xir Iy hinh anh theo mién tAn s6 nham
gitp nhimg khac biét gitta dnh thit va gia co thé duge khuéch dai va nhén dién rd

rang hon. Hinh 4nh thé can cude gia mao thudng mang theo cdc van soc tir man hinh
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thiét bi hién thi, v nhitng cAu triic tAn s cao nay chi 16 & khi 4p dung phép bién dbi
Fourier két hgp véi b loc tan sé cao. Cu thé, sau khi tién hanh phéan tich Fourier,
nhiing dai van ngang, doc c6 chu ky nge‘in,vm(f)t\ déc trung clia nhiéu man hinh LCD
hay LED, duoc khuéch dai hon, nho d6 dé dang phat hién dAu hiéu gia mao. Hinh
2.11 12 vi du vé viée str dung bd loc tAn sb cao dé 1am ndi bat cac soc van man hinh
trong anh gia mao. M6t ddc trung khac 1a viéc chup gian tiép qua man hinh 1am cho
hinh 4nh mé& va nhoe hon nhiéu so véi viée chup truc tiép. Dung b0 loc tan sb cao
théng qua phép bién ddi Fourier giup cho mé hinh c6 thé phan biét gitta &nh md va

anh sic nét. Pay ciing mot dic trung quan trong dé phén biét &nh gia mao.

Hinh 2.11: Cdc soc vdn man hinh dwogce lam néi bdt véi b loc tan sé6 cao voi mdt na

¢6 bdn kinh bing 8

Sau d6, cac véc-to dic trung ddu ra tir hai nhanh néu trén s& dugc tich hop véi
nhau bing cach st dung md-dun chu y chéo da tAng (multi-heads cross-attention).
Phuong phap nay sir dung nhiéu ting ctia mé-dun tw chii y dé tong hop va chon loc
nhitng dic trung gitra hai ngudn théng tin: Co ché tur chi y trong timg nhanh nham
nhén manh nhimg vi tri quan trong trong mdi khong gian dic trung. Co ché chu y
chéo gifta hai nhénh dé khai thic méi quan hé tuong hd gifra thong tin khong gian va
thn sb. Co ché ndy giip mé hinh ty dong hoc dugc cach chon loc va wu tién céc dic

trung t6t nhét, qua d6 cai thién hiéu ning nhan dang.



28

Nhur vy, v&i cach tiép cin bing mang no-ron nhan tao VGG16 ket hop véi sir
dung phép bién ddi Fourier va bd loc tan so cao s€ la cong cu hiéu qua nang cao do

chinh x4c cho bai todn phat hién gid mao anh cin cude.

Kién tric VGG16 két hop phép bién dbi Fourier va b loc thn s6 cao di md ra
mdt huéng di hidu qua trong viéc ting cudng kha ning phét hién gid mao trén hinh

anh k¥ thuéat sb, hd trg hiéu qua cho cac cong cu dinh danh dién ti.
2.5. Két ludn

Chuong nay d& cap dén cac ly thuyét co s& va qud trinh nghién ctru cic thanh
phén tao nén m6 hinh mang no-ron dé phét hién thé cin cude gia mao. Piu tién 1a ly
thuyét v& phép bién dbi Fourier 10i rac cho dnh k§ thust s6 va bo loc 1y tuéng tin s6
cao. Thir hai 13 ly thuyét vé mang no-ron nhin tao VGG16 va cic thanh phén ctia
mang nay, cung voi phuong phap huén luyén va kiém thir. Thir ba 1a ly thuyét vé mé-
dun tir chu y. Cudi ciing 1a néu phuong phap két hop cac thanh phan ké trén lai véi
nhau dé tao thanh mot kién truc mang no-ron nhin tao tbng thé, phat huy hiéu qua
tirng thanh phﬁn, vira khai thac dugc dic trung khéng gian bang VGG16, vira tn
dung thanh phin tan s6 cao qua phép bién déi Fourier d phat hién diu hiéu gia mao
tinh vi. Chuong ndy di cung cAp nén tang Iy thuyét diy du va minh hoa cach thirc két

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

Nhu da dé cap & chuong 1, vhn dé gia mao thé cin cudc trén moi trudng dién
tr 1a mot vAn dé cp thiét trong béi canh chuyén dbi s6 rong rdi nhu hién nay. Viéc
mot ké tAn cong sit dung anh thé can cude di chyp tir trude dé sir dung vao cdc muc
dich phi phap nhur mao danh trén méi trudng mang, gian lan tai chinh dang tro thanh
thach thirc 16n. G Viét Nam va nhiéu qudc gia trén thé giéi, thé cin cudc 1a gidy o
tly thin chinh thirc va dugc chép nhan rong rai. Do do, néu khong c6 co ché kiém tra
tinh hop 1€ cia thé thi s€ tiém 4n nguy co ]4n 16n gifta anh thé that (dugc chup truc
tiép) va 4nh thé gia (anh chup lai tir man hinh thiét b khic), gy ra rit nhiéu hé luy
cho ngudi ding. Can cr vao nhitng ly thuyét d4 phan tich & chuong 2, chuong nay
tip trung vao viéc xdy dung va danh gia mo hinh phét hién hinh dnh gia mao tir dt
liéu thé can cudce. Két qua can dat 12 mat mang no-ron nhan tao Kkét hop dugce uu diém
ctia mang VGG16 va phép bién ddi Fourier, mang nay c6 kién tric don gian, tbc do
suy luén t6t va c6 hiéu quéa tbt trong viéc phat hién anh thé gid mao. Ngoai ra, mé

hinh ciing phai ¢6 kha ning m& rong, d& cai tién va c6 thé bao tri lau dai.
3.1. Phén tich bai toan phat hién thé ciin cwéc gia mao

Bai toan phat hién thé cin cude gia mao 1a mot bai toan phan loai nhi phin
(binary classification), trong do: Anh thét 13 nhitng birc anh duge chup tryc tiép va
chan thue, tire 12 thé cin cude duge dit trude camera, khong c6 bét ky budc trung
gian nao gy suy giam chét lugng. Anh gia 14 &nh thé cin cuée hién thi trén thiét bi
dién tir (dién thoai, mdy tinh bang...) va chup lai bang thiét bj thu nhan anh. Dau vio
ctia bai toan nay 12 mot bic anh k¥ thudt sd cna thé cin cude dinh dang RGB. Piura
14 mot nhan phén loai rdi rac, trong d6: nhan 4m tuong duong voi “that” (“genuine”);

nhin duong tuong dwong véi nhan “gia mao” (“spoof”).

Pé khing dinh tinh diing dn va hiéu qua ciia md hinh dé xut, qué trinh thuc
nghiém trong d& an dugc thiét ké v6i hai kich ban thit nghiém chinh: (1) danh gid so

sanh véi cac nghién ciu trude day va (2) nghién ctru loai bé thanh phin.
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Kich ban 1: d4nh gid so sénh hiéu qua va hidu ning md hinh. Tién hanh so
sanh trye tiép mé hinh d& xuAt v&i hai md hinh tham chiéu: (i) md hinh DLC-2021
co s& [4] va (ii) md hinh B§ do nhiéu theo bién [8]. V& tidu chi d4nh gid do chinh
x4c: str dung cac chi s6 Precision, Recall va Accuracy. Ngoai ra, ddnh gia thém céc
chi s6 APCER (ty 1¢ phén loai sai anh gia) va BPCER (ty 1€ phn loai sai &nh that).
V& tiéu chi danh gia hiéu ning tinh toan: do ludng thoi gian thuc thi trung binh trén
CPU, s6 luong tham sé va do phirc tap tinh todn (FLOPs). Kich ban ndy nhim chimg
minh ring md hinh d& xuit khong chi dat do chinh xédc twong dwong hodc vuot troi
so vai cac phuong phap hién c6 ma con dam bao duge téc d6 xir Iy nhanh, tiéu ton it

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

Kich ban 2: nghién ciru loai bo thanh phin. Tién hanh thay déi hodc lugc bd
céc thanh phin cét 18i trong kién triic d& xudt @ tao ra 03 mé hinh bién thé nham
kidm chémg vai trd cita tirng bd phan v6i ba bién thé 1a (i) thay thé mé-dun chit y chéo
da tAng (Multi-head Cross Attention) bing co ché ghép nbi don gidn (ConcatGAP);
(ii) Loai bd nhanh xt 1y tAn sb (FFT), thay thé bing kién tric hai nhanh khong gian
VGG16 song song va (iii) Chi sir dung mét nhanh don duy nhat véi kién tric khung
VGG16, loai bd hoan toan co ché két hop va nhanh FFT. Thir nghiém niy nhim
chimg minh vai tro ctia nhanh FFT: Khing dinh viéc bd sung thong tin mién tan s6
gitip md hinh nhén dién tét hon céc nhi€u 4nh gia mao ma nhanh khéng gian don
thun c6 thé bd sot. Déng thdi chitng minh hiéu qua ciia moé-dun chii ¥ chéo: Khéng
dinh co ché nay gitip hop nhét linh hoat c4c tin hiéu bd tro gifta mién khong gian va

tAn sb tét hon so véi vige ghép ndi don gian.
3.2. X4y dung tap dir liéu

DLC-2021 (Document Liveness Challenge 2021) [4] 1a mdt b dit li€u md
duge khoi xudng trong khudn khd cudce thi “Document Liveness Challenge” td chirc
ndm 2021. Muc tiéu chinh ctia DLC-2021 12 cung cip mét tap anh thuc va gia vé céc
loai gidy t& tity thin, bao gdm thé cin cude va ho chiéu dé nghién ciru va phat trién

cac phuong phép phat hién gid mao cha cac loai gidy to ndy.
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V& chu tric cia bo dir liéu DLC-2021, s& ¢6 bdn thu muc: “or” twong Ung véi
“original” (anh that); “re” tuong timg v6i “replay” (anh gid chup tir man hinh); “cc”
twong mg voi “color unlaminated copies” (4nh in mau khong ép plastic, sau d6 chup
lai tir camera); “cg” tuong Umg v6i “grayscale unlaminated copies” (anh in den tring
khong ép plastic, sau d6 chup lai tir camera); Trong mdi thu muc, ¢ hai thu muc con
14 “images” (anh) va “annotations” (toa dd chinh x4c ctia thé cén cudc trong mbi anh).
Trong mdi thu muc or/images va re/images, c6 cdc thu myc con, mdi thu muc con
dat tén theo ma_qudc_gia + loai_gidy td, cu thé:

- alb_id (Thé cin cudc Albania)

- esp_id (Thé can cude Spain)

-in_id (Thé can cuée Finland)

- est_id (Thé can cudce Estonia)

- svk_id (Thé cin cuéce Slovakia)

- aze_passport (HO chiéu Azerbaijan)

- lva_passport (H chiéu Latvia)

- grc_passport (Ho chiéu Greece)

- stb_passport (Ho chiéu Serbia)

-rus_internalpassport (Ho chiéu quéc té Nga)

mdi thu muc nay lai chira timg thu muc con vi du re0001, re0002,... tuong ung voi
timg video hay 16 khung hinh, trong d6 c6 c4c hinh anh JPEG la timg khung hinh da
duge trich xuit. Ngoai ra, thu myc “annotations” chira cc thong tin bd nhu vi tri hinh
hoc cta tai liéu va khudn mat trong timg khung hinh. Nho do, ¢ thé trich timg khung
hinh, léy vi tri toa d6 chinh x4c cua giéy to trong birc anh. Tap dir liéu sir dung 2 dd
phan gidi khung hinh 1a (1080px x 1920px) va (2160px x 3840px)
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MIDV-2020 (Mobile Identity Document Video-2020) [7] 1a mt bo dix ligu
mé vé phén tich gidy to tiy than, dugc xdy dung tir 1.000 gidy tos thudc 10 loai tai
liéu khac nhau (thé cin cuéc va ho chiéu cua 10 qubc gia). B6 dit liéu cung cip ddng
thai 1.000 video clip quay bing smartphone, 2.000 anh scan d phan giai cao va 1.000
anh chup. V& chu trac thu muc, bo dir liéu nay co chu triic thu muc twong tu véi DLC-
2021. Nho pham vi bao phd rdng va chu trong vao tinh da dang cua ndi dung cling
nhur diéu kién chup, MIDV-2020 thudng duge dung nhu mét tdp dir liéu co s& cho
cac bai toan phat hién, phén loai loai giéy t&, nhan dang chir viét va kidm tra tinh that

- gia ciia gidy to tlry than.

Trong khudn khé ctia dé an, chi co nhan “or” (anh that) va “re” (anh gia chup
tir man hinh) dugce st dung d& huin luyén va dénh gia md hinh. Nhan “or” s& dugc
goi 14 4nh thit (hay nhén “genuine™) va nhan “re” dugc goi la anh gia (hay nhan
“spoof”). Chia bd dit liéu thanh ba phan: huin luyén, kiém tra va kiém thir. Cach chia
tuan thu theo @& xuét ctia DLC-2021 nhur sau: Tap huén luyén va kiém tra sir dung
25.980 anh thét 14y tir thu muc “MIDV-2020/clips”, 19.543 anh gia mao 1y tir 3 thu
muc: esp_id, Iva_passport, va rus_internalpassport, sau d6 chia ngau nhién theo ti 18
tip huén luyén 80%, tap kiém tra 20%. Tap kiém thir bao gém céc dir liéu duoc liét
ké trong danh sach: “screen_positive_test.Ist” va “screen_negative_test.Ist”, tirc
11.006 anh gia mao (nhéin duong) va 16.264 anh tht (nhan 4m), nhing anh nay dugce
rat ra tir cac loai giéy t& con lai ctia DLC-2021 [4]. Cac vi du ti€u biéu tir bé dit lidu

duoc trinh bay 14n Iugt & hinh 3.1 va hinh 3.2.

Cau trac thu muc méi va s6 lugng anh mdi thu muc duoc phin bd nhu sau:

Tén Chi tiét Téng
Anh that
Pudng dan: “/dlc-2021/train/genuine”

Tép huén luyén | S6 luong anh: 20784

Anh gia
Pudng dan: “/dlc-2021/train/spoof” 36419 |
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Sé lwong anh: 15635
Anh that

Puong din: “/dlc-2021/val/genuine”
] S6 lugng anh: 5196
Téip kiém tra = 9104
Anh gii
Puodng dan: “/dlc-2021/val/spoof”
S8 lwong anh: 3908
Anh that -
Puodng dan: “/dlc-2021/test/genuine”
' . S8 luong anh: 11006

Tip kiém thir | 27270
Anh gia
Pudng dan: “/dle-2021/test/spoof”
S6 luwong anh: 16264 -

Bang 3.1: Théng tin vé tdp dit liéu hudn luyén va kiém thie

Hinh 3.2: Mét s6 hinh dnh c6 nhin “dnh gid”
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3.3. Xay dung kién triic mang hoc siu.

D& 4n st dung ngdn ngit 1ap trinh Python va cdc thur vién hoc sdu PyTorch,
scikit-learn dé xay dumg kién tric mang hoc siu cho bai todn phat hién anh thé cin

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

Kién triic mang d& xuAt gdm hai nhanh: nhanh thir nhit d& xir 1y véi anh gbc
(duoc goi 1a nhanh chinh), song song véi nhanh nay la nhanh xit ly voi phép bién dbi
Fourier (dugc goi 12 nhanh FFT). Hai nhanh nay s& duoc két ndi lai v6i nhau béng
mdt md-dun téng hop thong tin (moé-dun chi y chéo da thng). V4 cudi cing phan loai
dAu ra bing mét mod dun phan loai. So d5 tdng thé v& ludng ctia md hinh duge minh

hoa trong hinh 3.3.

Piu vao cta mang la mdt 16 gf‘)m B anh c6 kich thude tiéu chudn
(1080px x 1920px) hodc (2160px X 3840px) (dinh dang 3 kénh mau RGB), va
chuyén phd diém anh tir [0; 255] tr& thanh [0; 1].

Mo-qun CNN | (B 356, 28, 28)
» vai khung VGG 16
cho nhanh chinh

h

M3-dun tién x& Iy
bién ddi Fourier & rac nhanh
két hop co ché loc thn sb cao

(B, 3, 228, 224)

B2 :

(8, 512)

Ma-gun
phén loai

M&-dun CNN
véi khung VGG 16
cho nhéanh FFT

(B, 256, 28, 28)

. (B, 3,224, 224) .
-------------------------- NhanhFFT--------~--—-----—--»----'

Hinh 3.3: Sa d6 téng thé vé mé hinh mang VGG16 két hop phép bién d6i Fourier
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Trong nhénh chinh, 4nh dAu vao (anh gdc, dinh dang RGB) s& dugc tién xi ly
bang cach cit mot hinh vuéng quanh tm cén cude véi kich thude lon (896 X 896)
nhim cét duge nhiéu chi tiét tong thé cla anh, rdi dua vao mang CNN véi khung
VGG16. Cac 16p tich chap gitip m6 hinh khé nang hoc duge cic dc trung nhur canh, -
hinh dang, két cAu. D6i voi bai toan phan biét hinh anh cén cudc that — gia, cac dic
trung tir nhanh nay gitip mo hinh nim bt hinh thai tdng thé ctia dbi tuong trong anh.
Tiép theo. tién hanh chun héa diu vao theo chudn ImageNet [6] v&i trung binh p =
[0.485,0.456,0.406] va dd léch chuin ¢ = [0.229,0.224, 0.225]), hoén vi chiéu,
didu chinh kich thuéc 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
m&i khéi), chi giit lai dén hét khéi thir 3 dé giam thiéu kich thuéc clia mang. Pu ra

ciia nhanh 1a mét tensor dic trung vai kich thude (B, 256, 28, 28).

(3 nhanh phy, con goi la nhanh FFT, anh s& dugc tidn xi Iy trude bang cach
cit quanh tAm cin cudc mot & vudng kich thude nhé hon (448 X 448), chuyén thanh
anh x4m va xi Iy qua phép bién ddi Fourier roi rac hai chiéu va bd loc ly tudng tan
s6 cao dé giit lai thanh phan tin sb cao (thuc nghiém chon ban kinh matna H = 8),
muc dich 1a ting cudng cac dudng nét nho, kho nim bét nhu van soc nhifu, va 1am
ni bat hon sy chénh 1&ch v& d6 shc nét trong anh thit va anh gia, con cac thanh phan
tAn s thip - bidu difn thong tin tong thé - s& bi loai bd. Sau do, anh phé tin s6 sau
khi 4p dung bo loc dugc bién dbi nguoc tré lai mién khong gian thong qua phép bién
ddi Fourier nguoc, tao thanh anh mdi chi con nhimg déc trung tAn sb cao. Anh nay
dugc dwa qua nhanh mang no-ron VGG16 thir hai, nhanh nay gitip mé hinh nhan biét
mot bidu didn bd sung, hd tro phat hién cic déu hiéu khéng d& quan sat trong khong
gian thi gidc thong thuong. Déau ra 13 tensor dic trung cfing c6 kich thuée (B, 256,
28, 28).

Sau khi ¢6 duge hai tensor dic trung, ti€p tuc dua hai tensor nay vao mé-dun
chii y chéo da tang d&€ md hinh hoc céc turong tac, méi lién hé giira dic trung mién

khong gian (dic trung tir nhanh chinh) va nhitng déc trung dirge khuéch dai bang bo
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loc tAn sb cao (d3c trung tir nhanh FFT). Déu ra 14 tensor ¢6 kich thude (B, 512) tich
hop théng tin hai nhanh, sén sang dua vao tAng két ndi ddy di d& phan loai nhi phan.

T'?mg phén loai nhi phén c6 dAu vao: tensor dic trung c6 d6 dai 512 tir budc
trén. Xt ly qua ba 16p két néi ddy dir (6 thé kém 16p chuin héa tich chép), rdi dén

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

V& 1 didm cta mé hinh hai nhénh VGG16 két hop phép bién ddi Fourier,
viéc két hop dic trung hinh anh theo ca hai mién khong gian va tn s gitip ting kha
ning phan biét cdc mau kho, giam thiéu s6 tham s8 cAn huan luyén, ting toc d6 hudn

luyén cho mé hinh.
Chi tiét xir Iy trong tirmg mé-dun dugc trinh bay trong cac phan dudi.

3.3.2. Mé-dun tién xit Iy: phép bién dbi Fourier roi rac nhanh két hop co ché loc thn

sO cao

pé phuc vu cho nhanh FFT, cin chudn bi diu vao cho nhanh nay. Sau khi xir

ly, s& thu dwoc dnh da loc tn sb cao. Tién hanh 4p dung tudn tu cic budc sau:
- Budc 1: Cét va chudn héa viing can quan tim

Thay vi xit 1y toan bd khung hinh, tién hanh x4c dinh vi tri tAm cua thé can
cudc trong thm anh, tiép theo cit ving 6 vudng nim & tim anh véi kich thude nhu
sau: mot ving 16n L; = 896 X 896 va mot ving nhé hon L, = 448 x 448. Ca hai
ving cét sau d6 déu duoc chinh kich thudc v& 224 x 224, sin sang dua vio md hinh
& xtr ly. Anh dugc cét theo Ly dugc dua vao nhanh khong gian (VGG16), trong khi
anh duoc cit theo L, dugc dua vao nhanh tan s6 (FFT). L; déng vai trd cung cap
ving ngit canh rong hon cho céc dic trung khong gian, con L, tip trung vao cac chi
tiét vi mé (vi du: van nhiu), tir 46 giip md hinh hoc duge cac dic trung phén biét rd

hon gitta hinh anh gidy t& dinh danh thét va gia mao.

- Bude 2: Bién ddi Fourier roi rac nhanh, dich anh va ap dung bd loc
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Pit H = 224,W = 224 14n luot 12 kich thude chiéu dai va chiéu rong cia
anh. Tién hanh chuyén anh thanh 4nh x4m theo cong thirc (3.1)

Xgray (i, /) = 0.2989R (i, /) + 0.5870G (i, j) + 0.1140B(i, /) (3.1)
véii€[0,H—1]; j€[0,W —1]; x € [0,1]

Két qua thu dugc tensor X4y kich thude (B, 1, H, W). Ap dung phép bién dbi Fourier
roi rac nhanh va phép dich FFTShift 1€n anh xam bing cong thire (3.2) va (3.3)

X = FFT(xgray) (3.2)
Xs(u,v) = FFTShift(X(u,v)) (3.3)

Xay dung luéi toa 46 U,V v6i Uy, =m —

N |

w .
,an=n—? trong d6 m €

[0,H—1]; ne€e [0, W —1].
Tao mit na loc dang nhi phén theo cong thic (3.4) v6i ban kinh cia mdt na r = 8:

1,02, + V2, = r?

3.4
0,U%, + V2, < r? G4

mask2d(m,n) = {
Ap dung mit na mask2d 1én anh d8 gitr lai c4c thanh phén tan s6 cao theo cong thirc
(3.5)
Xip = Xs © mask2d (3.5)
- Buéc 3: Dich nguoc va bién dbi nguoe:

Tiép tuc thuc hién dich ngugc trong mién tén s6 (IFFTShift), sau d6 4p dung
Bién dbi Fourier nguge (IFFT) dé tai tao lai anh thanh phan tan s6 cao theo (3.6)
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Xup = IFFT (IFFTShift(X5,)) (3.6)

Két qua thu dugce xp, 12 mét'tensor phirc 2bm phén thure va phén a0. P& sir dung cho

md hinh hoc sdu, 14y d6 16n (magnitude) cia tensor nay theo cong thire (3.7)
mag(xhp) = |Re(xhp) +i Im(xhp)l (3.7)
Cubi cling, ap dung bién déi log d& nén mién gié tri ctia anh tan s cao. Phép bién dbi

ndy gitip giam dnh hudng cla cac gia tri bién qua 16n va lam ndi bat chi tiét nhé trong

anh.
hpyg = In (1 + mag(xhp)) (3.8)

- Budc 4: Chuén hoa cuc tiéu — cuc dai

Sau khi thuc hién céc phép bién d@bi Fourier, anh c6 cac gia tri khong nam trong
khoang c¢b dinh (c6 thé rat 16n hodc rat nho). Vi vay, chudn héa cuc tiéu — cuc dai
gilip nén gid tri anh v& khoang [0, 1], gitip mé hinh hoc sdu dé xir Iy hon. Tién hanh
]am phéng toan bd hpiog vé tensor bing cach tinh m,y;,, theo (3.9). Sau d6 chuén hoa
theo ¢bng thirc (3.10).

Mupin = r(rl.lijr)l hpiog({,J) Minax = max hp1og (. J) (3.9)
h —m..;
hpgray = Biog — 2 ain (3.10)

Mypax — Muin + &

V6i e = 1078 dé tranh chia cho 0. Két qua thu dugce tensor (B, 1, 224, 224)
ndm trong khoéang [0,1]. Do mang VGG16 yéu cAu dau véo 3 kénh, tién hanh lap 3
1An tensor bang cong thue (3.11) dé thu duoc dau vao hop 1& c6 kich thuée
(B,3,224,224).

hprgb = tile(hpgrayl [11 31 11 1]) (3.11)
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Cudi ciing chuin héa theo chuén ImageNet véi trung binh pu = [, tig, 45] =
[0.485,0.456,0.406] va do léch chudn & = [0z, oG, 05] = [0.229,0.224,0.225]
theo timg kénh R, G, B nhu sau:

_ hprgb —H

PBrgborm = — (3.12)

Sau 4 bude thu duge tensor (B, 3, 224, 224) sén sing dua vao nhanh FFT.

3.3.3. Mo-dun mang no-ron tich chép khung sir dung kién tric VGG16

Trong md-dun nay, sir dung kién tric VGG16 va chi lay 3 16p dau tién trong

mang d& giam thidu kich thuée. Kich thude chi tiét cac 16p duoc thé hién trong bang

3.2.

Khéi | Lép Théng s6 ky thuit Kich thirée diu ra

Pauvio | - - (B, 3, 224, 224)

1 Conv2D Conv (3%3, 64) (B, 64, 224, 224)
Conv2D Conv (3x3, 64) (B, 64, 224, 224)
MaxPool MaxPool (2x2, s=2) (B, 64,112, 112)

2 Conv2D Conv (3x3, 128) (B, 128,112, 112)
Conv2D Conv (33, 128) (B, 128, 112, 112)
MaxPool MaxPool (2x2, s=2) (B, 128, 56, 56)

3 Conv2D Conv (3x3, 256) (B, 256, 56, 56)
Conv2D Conv (3x3, 256) (B, 256, 56, 56)
Conv2D Conv (3x3, 256) (B, 256, 56, 56)
MaxPool MaxPool (2x2, s=2) (B, 256, 28, 28)

Bang 3.2:

Chi tiét cdu triic mang no-rom tich chdp khung sit dung kién triic VGGI6
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C4 hai nhanh déu dimg phuong phéap hoc chuyén giao voi tham s6 dugc huin
luyén sin trén trén ImageNet [6] nham tin dung kha ning trich dic trung téng quat

sin c6 va tiét kiém thoi gian hudn luyén.
3.3.4. Mb-dun chu ¥ chéo da tAng

Sau khi c6 hai tensor dic trung d2u ¢6 kich thuée (B, 256, 28, 28), d¢ mang
¢6 kha ning hoc méi quan hé tuong hé giita dic trung trong anh gbc va dic trung va
théng tin tAn b cao, cin xdy dung mét mo-dun sir dung k¥ thuat chu y chéo da téng.
Mo-dun niy cho phép mdi don vi trong &nh RGB “chu y” dén nhimg vi tri trong Umg
hodc lién quan trong anh da loc tdn sb cao, va ngugc lai, qua dé6 tao mdi lién két va
tdng hop tir hai ngudn ngit nghia. Sau cung, xuét ra mot tensor c6 kich thude Dy,
= 512 d dua vao mé-dun phén loai. So d cic 16p trong md-dun chi y chéo da tang

duoc thé hién trong hinh 3.4.

H

{ U Meals = 38
1 —o maan |||
ooy | B st | Flats
I Lam ondng I floosly cats )
{256, 38,28 |
{
i

— ‘C_-Tﬂ
-| Lam phdng @ gapean L .
—HK eneyosal i
’ Loyly sauyg 3/

{256, 28, 28)

Hinh 3.4: Minh hoa cdc 16p trong mé-dun chii y chéo da tang

Gia sir ddu vao cia mo-dun nay 12 hai tensor tir bude 3.3.3 ¢6 dang Fggg €
REXCXHXW € REXCHXW trong 36 B 1a kich thude 16, € = 256, H = W = 28,

qua trinh hoat dong ciia mé-dun nay nhu sau:

1. Chuyén dbi dinh dang cua tensor déu vao tr B X C X Hx W thanh
(HW) x B x C bang cach sit dung phép lam phing (flatten) va hoan vi chiéu

(permute) d& sir dung véi mo-dun chu ¥ chéo da tng.



41

FI1% = permute(Flatten(Frgp)) € RUWI*EXC (3.13)
FIY = permute(Flatten(Frpr)) € RHWIXBXC (3.14)

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

Qree = FRfal;t WQ | RGB (3.15)

Kpep = FRJZ;t Wk | rBe (3.16)

Vees = Figs Wy | RBG (3.17)
Va

Qrpr = Fpﬁﬁt Wa | rrr (3.18)

Kppr = ij;l?t Wk | rer (3.19)

Verr = Fler Wy [ FFT (3.20)

3. Tinh gid tri chu y chéo da ting:

Pé mang c6 kha ning ghi nhd duoc nhidu méi quan hé-lién két, st dung mang

chil y chéo da tAng (multi-heads cross-attention) v6i Npeqqs = 16 va dp = d;, =

Cc
Nheads
a. Tinh gid tri chil ¥ chéo ciia anh FFT dén anh RGB:
. _ QRGBK}?:FT (HW)xBxd
Attentionggg prr = S0ftmax _\/_H__ Veer € R v (3.21)
k

b. Tinh gié tri chii ¥ chéo ciia anh RGB dén anh FFT:
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KT
Attentiongpr.pep = Softmax (M) Vegp € RUEWIXEXdy (3.22)

vk
4. L&p tuyén tinh két hop két qua attention

Sau khi tinh Attentionpope ppr va Attentiongpr. pep, m6i mo-dun Attention
thu dugc Npemes tng, mdi khéi c6 kich thuée (HW) x B x d,,. Dé ¢6 kich thuée
(HW) x B x C nhu ban diu, cin phai lam phing ching bing phép lam phing
(flatten). Sau do, sir dung mot 16p tuyén tinh d& két hop dau ra ciia cac tang.

ZRGB S Linear(Flatten(AttentionRGB(_ppT)) (S R(HW)XBXC (3.23)
ZFFT = Linear(Flatten(Attentionpp'r(_RGB)) € R(HW)XBXC (3.24’)

5. Hau xtr ly céc tensor.

Ap dung k¥ thuat cdng truc tiép d4u vao véi du ra clia mo-dun hoc nhim bao

toan thong tin ban diu trong trurdng hop mé hinh chua hoc tét:
Zpos = Zpes + FLoo (3.25)
ZFFT = ZFFT + pr;;t (3.26)

Cach lam nay gitp gidm nguy co mat mat dic trung quan trong trong qua trinh huin

luyén. Sau dd, tiép tuc hoan vi chiéu ctia hai tensor dé chuén bi cho bude tiép theo:
Zrep = Permute(Zggg) € REXCXEHW) (3.27)
Zepr = Permute(Zppr) € REXCXHW) (3.28)

Ap dung phép g0p trung binh toan cuc (global average pooling) dé thu dugc tensor
kich thuée B X €

ZRGB = GAP(ZRGB, dim = 2) € RBXC (3-29)
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Zppr = GAP(Zgpp, dim = 2) € REXC (3.30)
Cudi cing ndi hai tensor d& thu dugc mét tensor chung:
7 = Concat(Zr¢p, Zprr) € RE*2C (3.31)
3.3.5. M6-dun phén loai

Sau khi hoan tit qua trinh két hop ddc trung tir hai nhanh chinh va nhénh FFT, thu
duoc tensor déu ra Z co kich thude (B, 2C), trong d6 € = 256 1a s6 chiéu dic trung
tir m3i nhénh. Tensor Z sau d6 duoc dua vao mot mé-dun phan loai gdm ba ting két
n6i ddy dit, ¢ vai tro trich loc va phan tach dic trung cubi cting dé phuc vu cho nhiém

vu phan loai. Minh hoa vé cic 16p trong mé-dun nay duge thé hién trong hinh 3.5.

)

- (64

$12,)

Hinh 3.5: Minh hoa cdc lop trong mé-dun phdn loai
CAu tric ciia mo-dun nay nhu sau:
1. Khdi két ndi day dn 1:
h, = DropOut(ReLU(BatchNorm(W,Z + b,)), €) (3.32)

v&i W, € RK¥%C (chon K = 512); by 1a véc-to hé sé chénh léch (bias); & Ia ti 1¢

lugng no-ron trong 16p d6 bi loai bd (c6 thé chon &£ = 0.5)
2. Khéi két ndi day dua 2:

h, = DropOut(ReLU(BatchNorm(Wyh, + b)), €) (3.33)
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v6i W, € R¥*K 13 tham s6 ciia 16p (c6 thé chon H = 64); b, véc-to hé s chénh léch

(bias); ¢ 1 ti 1& lugng no-ron trong 16p do bi loai bo (co thé chon € = 0.5)
3. Khbi két ndi day du 3:
Output = h3 = W3h2 + b3 (3.34)

v&i Wy € R2*H 1 tham s6 cia 16p, trong d6 2 1 56 luong d4u ra, trong Ung vi nhan

“that” va “gia”; by 1a véc-to hé sb chénh 1éch (bias).
3.4, Ham mét m4t va qua trinh t6i wu héa

Sau khi qua md-dun phén loai, d4u ra ctia md hinh 1a mot tensor ¢6 hai phan
tir, twong umg ‘that va ‘gia, gid st z = (3, 2,) va nhdn thuc té y € {0,1}. Ap dung
ham Softmax d& chuyén ddi thanh xéc suét:

eZi

= v6ii € {0,1} (3.35)

bi

Ham mét mat duge st dung 14 Cross-Entropy Loss nhi phén:

B
1
L=%) 1w y) (3:36)
n=1
1(z,,, V) = CELoss(z,, y,) = —log (pyn) (3.37)

Sau d6, mo hinh sé& tinh tensor lugng gidm (gradient) dya vao ham mét mat vira tim

duge. Cong thirc tim tensor tham s6 tai budc thir ¢ nhur saw:

al

gt = awt (3'38)
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Tiép theo, tién hanh t&i uu héa ham mét mat theo phirong phép Adam. Dt hé sb tbc
d6 hoc (learning rate) 1a @ = 10™* va & = 1078 @ tranh mau sd bang 0, cong thirc

t61 vu héa nhu sau:

Wy = W_g — A= (3.39)
vt e
Voi:

fly = =t Bimy_s + (1= B1)
My = ——; My = Pim_ -

ET T (Bt t 1My 1)9t
vy = i'_t 3 v = Baveoq + (1= B2)(g0)?

1-(82)

Trong do, m, 12 ham tich lily moment bac nhét, va v, 1a ham tich lily moment
bac hai. g, 13 tensor gradient. B; € [0,1) thudng c6 gid tri B; = 0.9,5; € [0,1)
thurdng c6 gia tri B, = 0.999.Khi t = 0, ham tich Iy moment béc nhit va ham tich

lily moment bac hai ¢6 gia tri khoi tao 1a my =0 va v, = 0.

V6i cach thiét 1ap ndy, phuong phép Adam 13 sy két hop nhitng vu diém tir
hai thuét toan t8i vu héa RMSProp va SGD, nhéy d6 md hinh ¢6 thé hoc duge nhiing
d3c trung phitc tap tir hai nhénh, qua trinh héi tu nhanh ma khéng qud bi qua khép

vao tap huén luyén.

3.5. Huén luyén va d4nh gia mé hinh.

3.5.1. Cai dat va hudn luyén m6 hinh.

Trong qué trinh huén luyén, tién hanh thiét 1ap kich thuéc 16 (batch size) B =
64. Dit lidu duoc nap song song qua 7 ludng (workers) @& t6i wu hoa tdc do doc va
tién xir ly, dong thoi 4p dung phép hodn vi ngau nhién (shuffle) trde khi xép cac 16
d dam bao tinh da dang va giam thidu su phu thudc trinh tr mau, qua d6 ting tinh

khai quét va gitip mé hinh tranh hoc cdc mau lap lai mét cach may méc. Qua trinh
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huén luyén dugc trién khai trén nén tang Google Colab v&i GPU L4 (24 GB b6 nhé
GDDRS6, H) trg diy dit CUDA 11.x+, cuDNN va TensorRT) [26]. Véi viéc tich hop
CUDA driver va PyTorch Lightning, GPU nay dugc truy cap trirc tiép qua API
torch.cuda trong qué trinh huén luyén, gitip gidm déang ké thoi gian chay so véi CPU

truyén thong.

Mo hinh két hop gitta VGG16 va nhanh xir Iy tin s (FFT Branch) da duogc
huén luyén trong 5 chu ky (epochs), vdi tdng cong 3644 budce (steps), stt dung khoang
20.5 GB VRAM GPU @ ting téc xit 1y. Trong qud trinh hun luyén, mé hinh sir dung
61 wru hod AdamW véi tée @0 hoc ¢ dinh Ir = 1075, Trong qué trinh huén luyén
mang, tién hanh theo dbi gi4 tri cia ham mét mét. Trong qud trinh huén luyén, m6
hinh sir dung chién lugc dimg sém (early stopping) dé tranh qua khép. G mbi epoch,
néu gid tri him mit mat cia ham kiém tra khong gidm so véi gid tri t5t nhét trudc d6
trong 2 chu ky lién tiép (patience = 2), qué trinh huin luyén s& tu dong dimg lai. Xu
hudng thay ddi cita ham mét mét cia tap dir liéu huin luyén va tap dir liéu kiém tra

duoc biéu thi trong hinh 3.6.

(]

rainjiotal_loss ] L S valftotal_loss | SE I S

035 \ -

183

— — — —_t — oo e o e o e A e 8 -
1003 1500 2080 2500 3000 ZEesdx 500 4,500 2000 2509 24008 I3sd4x.
% %

Hinh 3.6: Bidu dé thé hién gid tri cua ham madt mdt cia tdp dit liéu hudn luyén

(trdi) va 1dp dit liéu kiém tra (phdi) trong qud trinh hudn luyén mang

Bidu db thé hién 15 xu huéng giam én dinh cia ham mét mét cla tap dir liéu
huén luyén va kiém tra theo thoi gian huén luyén. Giai doan d4u (khoang 1500 budc)
ham mAt mat cta tap kiém tra gidm rat nhanh tir gia tri ban dAu khoang 0.2 xubng

duéi 0.1. Pay 1a giai doan ma mo hinh tiép thu nhitng dic trung co ban tir dir liéu
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huén luyén. Giai doan giita (1500 budc tiép theo) tbc d6 gidm cham lai, dao dong nhe
xung quanh muac 0.1 —0.03, cho thdy mé hinh dang hoc nhiing dic trung phirc tap
hon. Giai doan cudi (600 budc) ham mat mat dao dong rat nhe xung quanh 0.02. Téng
thoi gian huén luyén khoang 50 phut. Mirc d6 héi tu 4n dinh, khong xuat hién dao
dong bét thudng hojc ting gia tri mAt mat trd lai. M6 hinh dat hiéu sut huin luyén

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

Sau khi hoan tAt giai doan huin luyén, str dung tap dit liéu kiém thir theo diing
khudn méu cia DLC-2021 [4] d& d4nh gia hiéu ning mo hinh. Viée danh gia dugc
tién hanh voi céc chi sd: precision, recall va accuracy. Viée danh gia cic chi s6 nay
nhim déng b6 v6i cdc mé hinh tham chiéu nhu DLC-2021 co s& [4] va phwrong phép
dd nhiéu theo bién [8]. Ngoai ra, cdc chi s6 FLOPs, s lrong tham sé (Param), Tdc
6 suy lun trung binh (Speed) ciing duoc dnh gis. Két qua kiém thir cac chi sb trén
ba mé hinh: DLC-2021 co s&, B4 do nhiéu theo bién va VGG16+FFT dugc thé hién

trong bang 3.3.
Model Precision (%) Recall (%) Accuracy (%)
DLC-2021 co s& 85.89 89.03 89.67
B0 dd nhiéu theo bién 93.5 90.2 92.1
VGG16+FFT 90.62 92.49 91.71
Bang 3.3: Két qua do trén mé hinh DLC-2021 co s6, B do nhiéu theo bién va

VGGI6+FFT

Vi cing bé dit liéu va phuong phap danh gid, nhin chung, ¢4 ba m6 hinh déu
cho két qua tdt. VGG16+FFT c6 accuracy dat 91.71%, precision dat 90,62% va recall
dat 92.49%, vuot trdi hon so véi mé hinh DLC-2021 co sé. Khi so sanh véi Bo do
nhidu theo bién, VGG16+FFT chi kém nhe vé accuracy (91.71% so véi 92.1%) va
precision (90.62% so v6i 93.5%), nhung dat recall cao hon (92.49% so vé6i 90.2%),

cho thiy m6 hinh d& xuét vu tién kha ning phat hién day di cdc mAu gid mao trong
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khi van duy tri dd chinh xac tdng thé. Nhin chung, cac két qua & Bang 3.3 khing dinh
VGG16+FFT 1a mot phurong an md hinh hoéa hiéu qué va dn dinh cho bai toan phat
hién giad mao trén tip dit liéu DLC-2021.

P& danh gi4 toe dd thuc thi ca m6 hinh, tién hanh do thoi gian xir Iy trung
binh trén hai thu muc grc_passport/01.0r0004 (thu muc chira anh hd chiéu Greece
that) va grc_passport/01.re0001 (thu muc chira anh h chiéu Greece gia mao). CPU
Intel Xeon @ 2.20 GHz (x86-64), 6 nhan / 12 ludng dugce sir dung lam mai trudng
kiém thir cho timg mé hinh. Trén mdi thu muc, cac md hinh duge chay vé&i cung quy
trinh tidn xir Iy va cAu hinh suy luan nhu trong kién triic ma mé hinh dé xuat; thoi
gian xit ly cho timg anh duoc ghi nhén, sau d6 14y trung binh dé thu dugc tdc do suy
luén tinh theo gidy/anh. Két qua tong hop duge trinh bay trong Bang 3.4.

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

Béng 3.4: Két qua thoi gian thuc thuc thi trung binh trén CPU Intel Xeon @ 2.20
GHz (x86-64), 6 nhdn / 12 luéng

Két qua cho thy, trén CPU Intel Xeon @ 2.20 GHz (x86-64), 6 nhan/12 ludng,
VGG16+FFT t6n 0.120 s dé xir 1y mét &nh cho ca truong hop anh thit va gia mao,
vuot troi so voi DLC-2021 co s& (0.147-0.151 s/anh trén cling céc t€p). Thoi gian
chay ctia mé hinh B do nhiéu theo bién khong c6 sdn trong cAu hinh nay (Bang 2).

V& 58 luong tham sé, VGG16+FFT chi sir dung khoang 4 triéu tham s6, chiém
khoang 42MB, it hon rt nhiéu so véi VGG16 gbc. M6 hinh VGG16 + FFT c6 d6
phitc tap khoang 40,95 GFLOPs, chit yéu do kién tric hai nhanh két hop v6i mé-dun
chi y chéo da tAng, vén yéu cAu nhidu phép bién dbi s6 cudng d6 cao. VGG16 + FFT
dat BPCER (mAu that bi phan loai nhim thanh gia mao) thap, chi 9.03% va APCER
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(mAu gid mao bi phan loai nhdm thanh that) & mirc 7.51%, cho thiy mé hinh ¢ do

nhay cao vdi cac dau hiéu giad mao.

Tém lai, trong clng giao thirc danh gia, VGG16+FFT dat két qua t6t, d6 chinh
xdc xip xi phuong phip do nhidu theo bién va tt hon dang ké so véi DLC-2021 co
s trén cc mAu d4 do. Nhiing két qua nay cho thdy mé hinh dé xuét phi hop v6i cac

kich ban trién khai doi hoi ca d6 tin cdy va suy luin hiéu qua trén CPU.
3.5.3. Nghién ciru loai bd thanh phan

Tét ca cac khao sat loai bo thanh phin déu tun theo cting mdt bd dit liéu hudn
luyén, kiém tra, kiém thir va phwong phap danh gia (theo DLC-2021 [4]). Céc chi sé
danh gia bao gém precision, recall va accuracy. Liy VGG16+FFT (m6 hinh dé Xuét)

v&i precision 90.62%, recall 92.49%, accuracy 91.71% lam méc tham chiéu.
Céc khao sat sau da duogc thure hién:

1. Thay mé-dun chi y chéo da tAng bing mé dun ghép ndi don gian
(ConcatGAP): Ghép ndi don gian rdi 4p dung Global Average Pooling d tron hai
nhanh khong gian va nhanh FFT lai v&i nhau.

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

3. Chi st dung mét nhanh don st dung kién tréc khung VGG16: Loai bo
VGG16+FFT va m6-dun cha y chéo, chi gitt mét nhanh VGG16 khéng gian, theo sau
14 ciing m6-dun phan loai tuong tr trong mé hinh tham chiéu. Tt ca thiét 14p huén

luyén va danh gid dugc gilt nguyén.

Két qua kiém thir cha timg phuong phép duoc thé hién & bang 3.5.
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Model Precision (%) | Recall (%) | Accuracy (%)
Thay m6-dun chu y chéo da tng
. , 91.29 83.44 88.10
bang md-dun ghép nodi don gian
Thay VGG16+FFT bing hai kénh ,
91.38 84.80 88.73
VGG16
Chi stt dung mdt nhanh don sir
, 87.67 86.35 87.48
dung kién tric khung VGG16

Bang 3.5: Dénh gid két qua cdc nghién ciru loqi bé thanh phdn

Phuong phap st dung mo-dun ghép ndi don gian (ConcatGAP) lam giam
precision xudng 91,29%, recall xudng 83,44% va accuracy xuéng 88,10%. Viéc mét
su cin chinh linh hoat gifra cic mién, v6n ¢6 nhd mé-dun chu ¥ chéo khién céc truong
hop gia mao bi bo sot. Diéu nay cho thiy co ché chi y chéo da tng quan trong dé

hop nhét céc tin hiéu bb trg gitta khéng gian va tin s0.

Phuong phéap nhén d6i nhanh khong gian ma khéng st dung nhanh FFT dat
precision 91,38%, recall 84,80% va accuracy 88,73%. Thiéu bing chimg tir mién tin
sb, mo hinh danh gi4 thiéu cac nhiéu, khang dinh ddc trung FFT 1a khong du thira so

v6i ddc trung khong gian.

Phuong phap loai bé hoan toan kién tric VGG16+FFT va co ché hop nhét
bing mé-dun chil y chéo da tAng va chi st dung VGG16 lam kién troc khung 1am
giam recall va accuracy téng thé so voi méec tham chiéu, do thiéu ving ca cic ggi ¥
tin s6 bd sung-lg"m mét co ché cin chinh, téng hop thong tin. Md-dun chi y chéo da
tAng khong thé ap dung néu kién tric chi c6 mot nhanh, vi viy so sanh ndy nham
chimg minh phin déng gép ctia nhanh FFT va 1am rd tac dong ca viéc loai bo nhanh

nay.
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3.6. Két luin

Chuong nay da trinh bay chi tiét vé cdu tric ciia mang no-ron nhén tao VGG16
két hgp v6i phép bién dbi Fourier trong bai todn phét hién thé cin cudc gia mao, dbng
thoi néu r6 phuong 4n huén luyén va két qua dénh gid md hinh. Két qua dénh gid da
chimg minh hiéu quéa ciia kién triic VGG16 két hop phép bién ddi Fourier trong phat
hién thé cin cudce gia mao. Thue nghiém cho thdy mé hinh héi tu 4n dinh, dat cac chi
s& F1 cao va ti 16 18i APCER, BPCER & murc rét thip trén tip kiém thir, phan anh kha
ndng phén biét chinh x4c gitta mAu thit vi mu gia. Thiét ké nhanh FFT b sung
thong tin tAn sé da ting cudng kha nang phat hién cdc dau hiéu tinh vi trén hinh anh
thé cdn cude. Pdng thoi, quy trinh hudn luyén duoc trién khai ddy du, qua trinh danh
gi4 da chidu nhim dam bao két qua khach quan, gidm thiéu rdi ro quéa khép trén tap
hudn luyén. Nhimg két qua nay khang dinh tinh phtt hop cua phuong 4n dé xuit va

tao nén tang ving chic cho céc budce cai tién vé sau.
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KET LUAN

Vén d& phat hién hinh anh thé cin cude gia mao 12 mdt bai toan c6 tinh thuc
tién cao. D& 4n d4 nghién ciru va trién khai m6 hinh két hop gifta mang no-ron nhan
tao VGG16 va phép bidn ddi Fourier d& phat hién cdc ddu hiéu gia mao trong hinh
anh thé can cude. Két qua kiém thir cho thdy ring mé hinh da dap tng tdt cac yéu
cAu vé nhan dién cac dic trung gia mao, tdc d6 thuc thi nhanh chéng. M6 hinh nay
s& gitip cho cac hé thdng dinh danh dién tir nang cao dd chinh xdc va hiéu qua cao
trong viéc phat hién cac hinh dnh gid, gitip giam thiu rui ro gian l4n. Viéc xac thuc
hinh 4nh thé cin cude truée khi tién hanh cac giai doan tiép theo ctia qua trinh dinh
danh dién tit gitip ning cao trai nghiém ngudi dung, phong chéng i ro va cai thién
hiéu suét cho cac hé théng. Thanh céng cia d@ an khéng chi nim & viéc nang cao do
chinh xac phat hién gid mao, ma con chimg minh ring viéc két hop cac phuong phap
truyén théng c6 tinh nén tang véi cac k¥ thudt xir ly anh hoan toan ¢ thé tao ra mot
md hinh hiéu qua, nhe, va dé tng dung thuc té. Pay la mdt déng gép mang tinh goi
ma, déng thoi dat nén\ modng cho céc hé théng dinh danh dién tir an toan va hiéu qua

hon trong tuong lai.

V& hudng nghién ciru tiép theo, tiép tuc m& rong nghién ciru ra cac bién thé
gia mao thé can cude khac nhu gid mao béng anh in mau, anh in khong mau, khéng
ép plastic, co ép plastic; M6 rong tap dir liéu hudn luyén va kiém thir da dang hon,
nhidu quéc gia hon; t&i tu héa mé hinh két hop mang no-ron VGG16 va phép bién
dbi Fourier. Bén canh viéc ning cao hiéu suét ciia md hinh, mét huéng thir nghiém
kha thi 13 st dung cac mang no-ron khung khéc dé thay thé kién tric khung VGG16.
Céc phuong phép trén sé gop phin ting cudng d6 chinh xédc va tde do xir 1y clia md

hinh.

Bai toan dinh danh dién tir 3 va dang tré thanh budc tién quan trong trong
qu trinh s héa dich vu va ning cao higu qua quan 1y xa hoi. Dé tai “Ung dung mang

no-ron nhan tao va phép bién dbi Fourier dé phat hién hinh anh thé can cudce gia mao”
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13 m4t minh chimg cho kha ning tmg dung cac cong cu hoc sdu dé phuc vu cho cac

hé théng chuyén doi so, mang lai cudc song hién dai, vin minh va an toan hon.
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PHU LUC I

M3 nguén qua trinh chudn bi dit licu, huén luyén va danh giad mang VGG16+FFT

Phu luc nay trinh bay md ta va ma nguf‘m céc budce thue hién qua trinh huén
luyén mang VGG16+FFT.
1. Tai xudng b dir liéu DLC-2021

import kagglehub
# Downlcad latest wversion
dlc_2021_path = kagglehub.dataset download ("kontheeboonmeeprakob/dlc-dataset”,

force_download=True)

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

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

4 Tai Do df liéu MIDV-2020 béng SFTP

# Ccai 48t thu vién:
# pip install paramiko tgdm

from pathlib import Path
import paramiko
from tgdm import tgdm

# Thsng tin két ndi SFIP

HOST = "13i-share.univ-lr.fr”
PORT = 22

USERNAME = "userMIDV2z02Z0"
PASSWORD = "W2C!IpS{y7"

# Duong din file trén server va thu muc luu ¢ may local
REMOTE_FILES = [

"/MIDV202C/dataset/clips.tar”,

% C& thd thém cac file khac tai day néu cén

LOCAL DIR = Path("/content/midvz020")
LOCAL_DIR.mkdir(parents=True, exist_ok=True)

# Két ndi té&i server SFTP

client = paramiko.SSHClient ()
client.set_missing_host_key_policy(paramiko.AutoAddPolicy())
client.connect (HOST, port=PORT, username=USERNAME, password=PASSWORD,
timeout=6J)

sftp = client.open_sftp()

print ("Connected to SFTP sexrver")
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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
axcept FileNotFoundError:
print (f"File not found on server: {remote_path}")
centinue

rint (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 phdn 4% tai thém
pbar.update (transferred - pbar.n)

sftp.get (remote_path, stz (local_path), callback=progress callback)
crint (£"Saved to {local_path}™)

4 Dong 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 gbm:
- /content/experimental baselines/screen_positive_train.Ist
- /content/experimental baselines/screen_negative_train.lst
- /content/experimental baselines/screen_positive_test.lst

- /content/experimental baselines/screen negative_test.Ist

import 0S
port zipfile

import requests

# Thu myuc iuu
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 I:
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)

# Gidi nén

1st_dir = "/content/experimental baselines"

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

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

4. Tao tip dir liéu train/val/test tir 2 ngudn DLC-2021 va MIDV-2020.

Truée hét, chuong trinh doc bén tép danh sach screen_*_train/test.lst dé 1ay
ra ting tp cAn ding. Dya trén tén t&p, m&i miu s& dugc 4nh xa t6i ding thu muc
ngudn: anh that train ldy tir MIDV-2020/images, 4nh gia va anh test ldy tir DLC-
2021/0r va DLC-2021/re. V6i mdi anh, cée bude xir Iy nhur saus (i) x4c dinh tam ct
(diém trung tim thé cin cudc theo siéu tham sO trong cAc tép .1st), rdi ct hai cira s&
vudng 448x448 vi 896x896 quanh tdm, bao dam khdng bi vuet bién, sau do (ii) resize
¢4 hai vé ciing kich thudc 224x224. Hai anh d3 cét duoe luu 1an lugt vao cay thu myc
crops/<split>/<label>/ va images/<split>/<label>/. Sau khi sinh toan bd tép train va
test, ham move first percent_train_to_val thuc hién tich mét ty 1€ 20% mau tir train
sang val, tao ra ba tép con train/val/test nhit quan vé cAu trac thu muc, san sang cho

hudn luyén va dénh gia mé hinh.

mport os, json, shutil

cm pathlib import Path
frem PIL import Image, ImageOps
rom tgdm.auto import tgdm

r

h ik ke

[E

# CAu hinh crop/resize

CROP_SIZE_SMALL = (448, 448)
CROP_SIZE_LARGE = (896, §96)

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": "0i", "fin id": "02", "est_id": "03", "svk_id":
" O 4 ” ,
"aze_passport": "05", "1va_passport":'"06", "grc_passpert”: "C77,
“"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 = ¢x - half w, ¢y - half h
right, bottom = left + tw, top + th
if left < 0:
right -= left; left =0
if top < C:
bottom -= top; top = 0
if right > w:
shift = right - w; left = max(C, left - shift); right = w
1f bottom > h:
shift = bottom - h; top = maz(C, top - shift):; bottom
crop = im.crop((left, top, right, bottom))
if crop.size != size_wh:
crop = crop.resize(size_wh, RESAMPLE_FILTER)
return crop

1
=2

def ensure dirs(output_dir):
for kind in ("annctations®, "crops", "images"):
for split in ("train", "wval", "test"):
for label in ("genuine”, "spootf"):
(output_dir / kind / split / label) .mkdir (parents=True,
exist_ ok=True)

def move first percent train_to_val (output_dir, ratio=0.Z):
for kind in ("annotations", "crops", "images"):
for label in ("genuine”, "spoci"):
src_dir = output dir / kind / "train" / label
if not src_dir.exists():
centinue
dst_dir = output_dir / kind / "val" / label
dst dir.mkdir (parents=True, exist_ok=True)
files = serted(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 cne(fname, split_name, label name):
path = lst _dir / fname
if not path.is_file():
print (£" {WARN] missing {path}")
return
with path.open("z", encoding="utfi-g8") 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:
Lry:
cx = int(fleat(parts[il)): cy = int(float (parts([2]))
except Exception:
pass
items.append( (country, clip, filename, split_name, label_ name,
cx, cy))
_load one("screen positive_train.list", "traian", "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 {lsn(items)} lines from .ist")
return items

def split and convert_dic(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)
1f 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_STZE SMALL[G]} & {CROP_SIZE_LARGE[0]} ->
{RESIZE_TO[0]}"
for country, clip, fname, split use, label use, cx, cy in tqdm({items,
desc=desc, unit="img"):
img root = roots.get{(split_use, label use})
if img_root is None:
contimie
src_img = img root / country / clip / fname
if not src_img.is_file():

continue
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country id = SUBJECT_MAP.get (country, rrx")
stem = fname.rsplit(™.", 1)[0C]

e

with Tmage.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 is None alse
(cx, cy)

crop small = crop_center_keep in bounds (im, cx0, cy0,
CROP_SIZE_SMALL)
crop_small = crop_small.resize(RESIZE_TO, RESAMPLE_FILTER)

crop_large = crop_center_keep_in bounds (im, cx0, cy0,
CROP_SIZE_LARGE)
crop_large = crop_large.resize(RESIZE_TO, RESAMPLE_FILTER)

base =
f"{label_use}_{country}*{country_id}_{clip}_{stem}_cx{cxo:Géd}_cy{cyO:Oéd}"

p crop = output_dir / "crops" / split_use / label use /
f*{base}.ipg”

crop_small.save (p_crop, format="JPEG", quality=%890,
subsampling="4:2:0")

p_img = output_dir / "images" / split use / label use /
£"{base}.ipg"

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

p_ann = output_dir / "annotations™ / split_use / label use /
f* {base}.ison"
ann = {
"filename": fname,
"subject": country,
"subject id": country_id,
"clip": clip,
"center™: {"cx": cx0, "cy": cyO},
"origingl size": [w, h],
}
p_ann.write_text(json.dumps(ann, ensure_ascii=False),
encoding="ut£-8")
except Exception as e:
print (f"Error processing {src_img}: {e}")

if 9.0 < val_ratio < 1.0:
move first percent_train_ to_val(output_dir, ratio=val_ratio)

for kind in ("annotations", "images", "crops"):
print (£"--- {kind} ---")
for split in ("train", "val", "test"):
for label in ("genuine”, "spocf"):
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() eise O
print (£"{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-202Z1")
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")

1st_dir = "/content/experimental baselines”
out_dir = "/content/dlc-2021-split”

split_and_convert_dlc(
dlc or img_dir=dlc_or_img,
dle_re img dir=dlc_re_img,
output_dir=Path(out_dir},
lst_dir=Path(lst_dir),
midv_clips root=midv_2020_dir,
val_ratio=C.Z,

5. Cai thu vién cin thiét cho qua trinh xiy dung va huén luyén mang.

- Cai thu vién pytorch_lightning

! pip install pytorch-lightning

6. Tién hanh huin luyén mang
6.1. Xay dung md hinh VGG16+FFT

Mang gdm hai nhanh chia sé kién tric VGG16-BN: nhanh khong gian
(VGG16Branch) nhan anh mau d chuin ho4; nhanh tin sé (FFTBranch) 4p dung
bién d3i Fourier 2D 1én anh gde, diing bé loc thong cao (high-pass), rdi chuan hod va
trich dic trung bang ciing backbone VGG16. Hai du ra dic trung duge dua vao mo-
dun chi y chéo da tﬁng: CrossAttentionFusion, thuc hién cross-attention hai chiéu va
gop thanh mot vector dic trung chung. Class LightningModule VGG16_FFTNet dinh
nghia toan bd kién triic. Str dung hdm méat mat cross-entropy cho phén loai nhi phan,

va t6i ru hod bing 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():

"iload VGG16-BN pretrained va cit dén ting conv3 x.

wn

ROy
i}
3

try:
from torchvision.models import vgglé bn, VGGl6_BN Weights
vgg = vgglé _bn(weights=VGG1l6 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}

"erNhanh khdng gian: VGG16-BN trén anh RGB da chudn hod."""

def _ init (self):
super (). init ()
self.features = _build vgglé _bn features()

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

class FETBranch (nn.Module):
"erNnanh tan sd: FFT + loc théng cao + VGGL6-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():
rh gdc sang grayscale

¥ chuvén 3

x_gray = (
(¢.298% * original_imagel:, CG] +
0.5870 * original image(:, 1] +
0.1140 * original_image[:, Z]

) .unsqueeze (1) 4 {B,1,H,W)
_+ _r He, Wc = x_gray.shape

4 FFT + shift

X = torch.fft.fft2(x_gray)

Xs = torch.fft.fftshift (X, dim=(-2, -1))

# mdt na high-pass trdn

u = torch.arange (Hc, device=x.device) - Hc /
v = torch.arange (Wc, device=x.device) - Wc /
U, V = torch.meshgrid(u, v, indexing="ij")
mask2d = (U**2 + V**2 >= gelf.radius**2).{ioat ()

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

¥hp s = Xs * mask

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

x_hp = torch.fft.ifft2(¥hp)

mag = torch.abs(x hp)

2
2

/
/
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% lecg-magnitude + min-max normalize theo timg anh
hp_log = torch.loglp(mag)
mn = hp_ log.flatten(l) .min(l) [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(i, 3, 1, 1) # (B,3,H, W
mean = torch.tensor([D.485, (0.456, 0.406],
device=hp_rgb.device) view(i, 3, i, 1)
std = torch.tensor ([0.22%, 0.224, 0.225], device=hp rgb.device).view(l,
3, i, 1)
hp rgb norm = (hp_rgb - mean) / std
return self.features(hp rgb_norm)
class CrossAttentionFusion(mm.Module):
mwnCross—attention hai chidu gifta nhanh khéng gian va nhénh tén sb."""
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
f1 = featl.view(B, C, -1).permute(2, C, 1) # (§,B,C)
f2 = feat2.view(B, C, -1).permute(Z, G, 1)

outl, _ = self.attnl(fl, £z, f£2)

outz2, _ = self.attn2(f2, f1, £1)

outl = outl.permute (i, 2, 0).mean(dim=2) # (B,
out?2 = out2.permute (i, 2, 0).mean(dim=2) # (8,8
return torch.cat ([outl, out2], dim=l) # (B,512)

class VG316 FrTNet (pi.LightringModule):
wnw
LightningModule cho bai tecédn phan lecai ahi phan {genuine/spcof}:
- Hai nhénh VG616 chia s kién trtc, mdt nhanh lam viéc trén &nh RGB,
julelss nhanh trén Anh high-freguency tu FIT.
- Ddu ra hai nhanh duoc gdp bing cross-attention va classifier MLP.

o

def  init__ (self, num_classes: int = 2, lr: float = le-5, weight decay:
float = le-4):
super().__init__ ()

self.save_hyperparameters ()
self .branch spatial = VGGléBranch()
self.branch_freq = FFTBranch()
self.fusion = CrossAttentionFusion()
self.classifier = nn.Sequential(
nn.Linear (512, 64),
nn.BatchNormld{64),
nn.RelU (),
nn.Dropout (5.5),
nn.Linear (64, num classes),

def forward(self, x_resized, xz_original):
f1 = self.branch_spatial (x_resized)
f2 = self.branch freq(x resized, original_image=x_original)




67

f = self.fusion(fl, £2)
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({legits, y)
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, v)
preds = logits.argmax(dim=1)
acc = (preds == y).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):
®_resized, % _original, y = batch
logits = self(x resized, z_original)
loss = F.cross_entropy(logits, y)
preds = logits.argmax(dim=1)
acc = (preds == y).£flcat() .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, huin luyén va danh gia.

Tién hanh tao FourierImageDataset doc dnh dau vao tir tap dir iiéu da xay
dung, sau d6 &p dung bién dbi (chudn hod) cho nhanh khéng gian, cén nhanh tin sb
gilt & dang tensor thd. Cudi ciing, PyTorch Lightning Trainer dugc cAu hinh véi
EarlyStopping va TensorBoardLogger, goi trainer.fit dé hun luyén va trainer.test dé

déanh gid m6 hinh VGG16_FFTNet.

import 0Os
from pathlib impoxt Path

import torch

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

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

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

# Giz s0 lép VGGl6 FFTNet da dupc dink nghiz & phin "Riédn trac mang”

# Bidn ddi cho rhanh khéng gian (gidng ImageNet)
train transform = transforms.Compose ([
transforms.ToTensor (),

transforms.Normalize ([0.485, O.

C.

56, 0.406],
[0.228, 24

4
2 ¢.2251),
D]
val_transform = transforms.Compose ([
transforms.ToTensor (),
transforms.Normalize ([0.485, C.456, O.
[¢.229, 0.224,

(=

@

[
N O
(%21
L e
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~

1)

class Fourierimagela
ney
Dataset doc c3p {anh RGB d3 resize & normalize, anh crop gbc) va nhan:
- root_dir: thu muc images/<split>/<label>
- cropped root: thu muc crops/<split>/<label> c6 cdu triac tuong uUng
o
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, 1l: spocf
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", ".jpg", ".Jpeg")):
path = os.path.join(root, fname)
samples.append( (path, class_idx))

return samples
def __ ien (self):

return len(self.samples)
def getitem (self, idx):

image path, label = self.samples[idx]

img = Image.open(image path) .convert ("R

% _resized = self.transform({img) if self.transform is not None eglse

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)

vs")




69

img orig = Image.open({orig_path) .convert ("RGB")

% _original = TF.to_tensor (img_orig) # git dang tensor (G-1}, khing
normalize

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

# Puong dan d 1iéu 43 tidn xU ly (theo script spiit trubc dd)

base dir = "/content/dlc-2021-spiit”

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')

os.path.join(base_dir, "crops", "val")
os.path.join(base_dir, "crops", "rest™)

val_crop dir
test_crop_dir

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 = Dataloader (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 =
num_workers=4)

Dataloader (test_dataset, batch_size=64, shuffle=False,

print (f"Train dataset size: {len(train_dataset)}")
print (£"Vaiidation dataset size: {len(val_dataset)}}")
print (£"Test dataset size: {len(test_dataset)}")

# Caliback va logger cho Lightning
early stopping = EarlyStopping(monitor="vai loss”, patience=2, mode="min")
logger = TensorBoardLogger ("logs", name="vggl6 f£ftnet”)

# Knhai tace mé hinh va trainer
model = VGGlG_FFTNet(num;classes=2, lr=le-5, weight_decay=le-4)

trainer = pl.Trainer(
max_epochs=3,
accelerator="gpu",
devices=1,
logger=logger,
callbacks=[early_stopping],
log every n steps=1C,

# Budn luyén va danh giéd
trainer.fit (model, train_ loader, val_ loader)
trainer.test (model, dataloaders=test_loader)
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7. Do téc 36 thue thi trung binh

Poan ma duéi day danh gia tdc d6 thuc thi cia mé hinh VGG16+FFT. Cu thé,
doc 14n lugt cac anh tir hai thu muc dai dién cho trudng hop anh thit va anh gia. Sau
d6 thue hién cac bude: (i) tién xir Iy va (ii) suy ludn qua mé hinh VGG16+FFT. Truée
khi ghi nhin thoi gian, chuong trinh thue hién mot sb bude warm-up (mdc dinh 10
anh) nhim loai bd 4nh hudng ciia viéc khéi tao m6 hinh ban ddu. Pé twong dong véi
diéu kién CPU trong bai bdo gdc, viéc suy luan duge ép chay CPU-only, giéi han s6
ludng (NUM_THREADS=12) va v6 hiéu héa mét s6 t6i wu nhu MKL-DNN.

-

# measure vyggié fft cpu.py
# Do thdi gian end-to-end trén CEU:
# decode anh -> resize 224x224 -> chuldn hod -> suy ludn véi VGGEI6+FFT

{(Lightning;

import os, glob, time
import numpy as np

# CONFIG == ==

dlc_2021_path = "/kaggle/input/dic-dataset”

OR_DIR = dlc_2021_path + “/DLC-2021/or/images/grc_passport/01.or0004"
RE_DIR = dlc_2021 path + "/DLC-2021/re/inages/grc_passport/01.re0001”

jie]

TARGET SIZE = (224, 224)
WARMUP_STEPS = 10
NUM _THREADS = 12

# e S — o

# CPU only & gidi ! 5 thread trudc khi import torch
os.environ["CUDA VISIBLE DEVICES"] = "-1"
os.environ["OMP_NUM THREADS"] = stx (NUM_THREADS)
os.environ["MKL_NUM THREADS"] = stz (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 imporf nady cho dung file chua LightaningModule ciza ban
# vi du: from model vgglé fft import VGGLE FFTNet

from model -vggle fft import VGG1l6 FFTINet # <-— chinh lazi cho khop vol code
cua ban

<
e

def list_images(folder):
exts = ("*.3pg", "¥.ipeg", "*.png", "*.bmp", "*.tif", vk fiff",
"k JPGY, "%.JPEG", "*.PNG", "*.BMPF", Wk PIRT, "* TIFF")
fs = []
for e in exts:
fs.extend(glob.glob(os.path.join(folder, e)))
fs.sort{)
if not fs:
raise FileNotFoundError (F"Khéng thdy anh trong: {folder}”)
return fs

def preprocess pil for wggfft (path, size):

(IR

(D>

Trad v
% _resized : &nh d3 resize + normalize ImageNet (nhanh khdéng gianj
FFT

-

®_original : anph 0..1, khdng normalize (nhanh
with Image.open(path) zs im:

im = im.convert ("RGR")

im = im.resize(size, Image.Resampling.LANCZOS)

arr = np.asarray(im, dtype=np.float32) / 255. ¥ [H,%W,31, C..1

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

mean = torch.tensor([0.485, 0.45&, 0.406]).view(i, 3, 1, 1}
std torch.tensor ([{.229, 0.224, 0.225]).view(i, 3, 1, 1)
x_resized = (x_original - mean) / std

return x_resized, x_original

2torch.inference_mode ()
def measure_folder_endZend_vggfft(lightning_model, folder, warmup_steps=10):
wHan
Do théi gian trung binh cho mdi anh:
decode + resize{224) + normalize + forward VGGIG6+FFT
device = torch.device ("cpu")
lightning model.eval ()
lightning model.to(device)

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

# warm-up (khong tinh thdi gian)
for i in range (min(warmup_steps, n)):
®r, xo = preprocess_pil_for vggfft (paths[i], TARGET SIZE)
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xr, x0 = xr.to(device), xo.to(device)
_ = lightning model (xr, XoO)

%# chay do thoi gian
times = []

fer p in paths:
t0 = time.perf counter ()
xr, xo = preprocess pil for_vggfft(p, TARGET SIZE)
xr, %0 = Xr.to{device), xo.to(device)
vy lightning model (Xr, XO0)
_ = y.cpul() # adng ©d CPY
tl = time.perf counter ()
times.append(tl - t0)

mean_sec = Float (np.mean (times))
return mean_sec, n

def report (model name, folder, mean sec, nj:
print(
£ {{model name}] [{os.path.basename(folder)}] ™
f"mean_sec;per_img={mean_sec:.6f} | n={n} "
£} device=CPU | threads={NUM_THREADS} "
£"| torch={torch._ version_ } | piilow={PIL VERSION} "
£ | mkldnn={'on' if torch.backends.mkldnn.enabled eise 'off'}"

if  name == "_main_ ":
rink ("s==ss===== Benchmark: VGGLl6+FFT {Lightning) ==========T)

¥ ¥hoi tao model {hodc load cheékpoint 43 train}
model = VGGlG_FFTNet(num_classé5=2)

4 Vi du néu dlng checkpolnt:

nedsi =

VGGlS_FFTNet.1oad_from_checkpoint("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 ("VGG16 FFTNet”, OR_DIR, or_mean, or_n)
report ("VGG16 FFTNet", RE_DIR, re mean, re_n)




BAN CAM DOAN
T6i xin cam doan d4 thuc hién kiém tra mirc d9 twong dong néi dung d8 4n qua phin
mém kiém tra tai liéu mdt cach trung thue va dat két qua muc d6 twong dong 8% toan bd
ndi dung de an tot nghiép. Ban d@ 4n t6t nghiép kiém tra qua phan mém 14 ban climg de€ an
t6t nghiép da ndp dé bao vé trude hoi dong. Néu sai t6i xin chiju cac hinh thire ky Iuat theo
quy dinh hién hanh ctia Hoc vién.
Ha Noi, ngay 03 thang 02 nam 2026

HOC VIEN CAO HQC
(Ky va ghi 15 ho tén)
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Théng tin tai liéu

Tén tai idu:
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Piém trling 18p: 8
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BO THONG TIN VA TRUYEN THONG CONG HOA XA HQI CHU NGHIA VIET NAM
HQC VIEN CONG NGHE Déc 13p - Ty do - Hanh phic
BUU CHINH VIEN THONG

BAO CAO GIAI TRINH
SU'A CHUA, HOAN THIEN DPE AN TOT NGHIEP THAC Si

Ho va tén hoc vién: VO MINH MANH
Chuyén nganh: Khoa hoc may tinh Khoéa: 2023-2024
Tén d tai: Ung dung mang no-ron nhan tao va phép bién ddi FOURIER dé phat hién hinh
anh thé cdn cudce gia mao.
Ngudi huéng din khoa hoc: TS. Nguyén Tét Thing
Ngay bao vé: 24/01/2026
Céc ndi dung hoc vién da sta chira, bd sung trong dé an t6t nghiép theo ¥ kién dong

g6p cha Hoi dong chim d& an tot nghiép:

TT Y kién hoi dong Sira chira cila hoc vién
1 | - Ra soat bd cuc quyén dé an: rat | - Hoc vién da riit gon phdn co s§ Iy thuyét: Gian lugc cac

gon phin co s Iy thuyét, muc | tiéu muc 2.1.4, 2.2.1, 2.2.2, 2.4; Hop nhat cac tidu muc
luc, dinh dang tai liéu tham khéo | 2.1.1,2.1.2, 2.1.3 thanh tiéu muc 2.1.1

- Hoc vién d4 ra soat lai myc luc, loai bo 151 muc 3.3 lap
lai 2 1an

- Hoc vién d3 ra soat lai tai liéu tham khao theo mot dinh
dang théng nhét, bd sung DOI cho cac tai liéu.

2 | - Téng quan phan thir nghiém - Hoc vién d3 bd sung tdng quan phan thir nghiém, néu
1o cac kich ban thir nghiém, c6 mAy loai, muc dich chimg
minh diéu gi & phan 3.1

- Hoc vién d4 bb sung hinh anh kién tric tng thé ciia md
hinh trude khi giai thich timg thanh phan & phan 3.3.1.

Ha Néi, ngay 01 thang 02 ndm 2026

Ky xdc nhidn cia

CHU TICH HQI PONG THU KY NGUOIHUONG DAN  HOC VIEN
CHAM DE AN HOT DONG : HOC
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PGS.TS. Trin Quang Anh  TS. Kim Ngoc Bécl

TS. Nguyén TdtThing V& Minh Manh




BO KHOA HQC VA CONG NGHE CONG HOA XA HQI CHU NGHIA VIET NAM
HQC VIEN cONG NGHE Pgc 13p - Ty do - Hanh phiic
BUU CHINH VIEN THONG

Y £ BIE@ BAN -~
HOP HOI PONG CHAM DE AN TOT NGHIEP THAC ST

Cin cfr quyét dinh s6 Quyét dinh sb 3299/QD-HV ngay 26 thang 12 nim 2025 cia
Giém déc Hoc vién Céng nghé Buu chinh Vién théng vé viéc thanh léip H6i ddng chim dé

2025 tai Hoc vién Cong nghé Buu chinh Vién thong de chém dé an tét nghlc;p thac si cho:

Hoc vién: V6 Minh Manh
Tén d& an tt nghiép: Ung dung mang No ron nhén tao va phép bién d6i FOURIER dé
phét hién hinh dnh thé ciin cwéc gid mao

Nganh: Khoa hoc méy tinh M3 s6: 8.48.01.01
Chc thaah vién ciia Hi dbng chém dé 4n tt nghiép c6 mat: J..../ 05

TT HO VA TEN | TRACH NHIEM TRONG HD GHI CHU

1 |PGS.TS. Trin Quang Anh | Chu tich

2 | TS. Kim Ngogc Bach Thu ky

3 | PGS.TS. Trin Thj Oanh Phan bién 1 ]
4 | TS. D6 Thi Bich Ngoc Phéan bién 2

5 | TS.Nguyén Xuén Thing Uy vién

Céc ndi dung thwc hién:

1. Chu tich Héi ddng didu khién budi hop. Cong bb quyét dinh ciia Giam dbc Hoc vién
Cong nghé Buu chinh Vién théng v& viéc thanh 14p Hoi ddng chdm dé 4n t6t nghiép
thac si.

2. Ngudi huéng din khoa hoc hojic thu ky doc 1y lich khoa hoc va cac diéu kién bao vé dé
4n t6t nghiép ciia hoc vién (C6 ban 1§ lich khoa hoc va két qua cac mén hoc cao hoc
ctia hoc vién kém theo).

3. Hoc vién trinh bay tém tit d& 4n t5t nghiép.

4. Phan bién 1 doc nhén xét (c6 vin ban kém theo)

5. Phan bién 2 doc nhén xét (¢6 viin ban kém theo)

6. Cac ciu hdi cia thanh v1en Hoi dong:
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7. Tra 1&1 cda hoc vién:
b 7
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8. Thu ky doc nhan xét vé qua trinh thuc hién dé& 4n tét nghiép cuia hoc vién (cé véin ban
kem theo).
9. Hbi ddng hop riéng:

- B4u Ban kiém phiéu:

I. TruéngBankiémphibu: ..PGS.T3. Tvan. lh. Coandl

2. Uy vién Ban kiém phiéu: 7_51_();”7711/3}52//%&6
3. Uy vién Ban kiém phiéu: Tfklm/%ﬂ&w

- Hdi déng chim dé 4n t6t nghiép bang bo phiéu kin.

- Bankiém phiéu 1am viéc:

- Truéng Ban kiém phiéu béo cdo két qua kiém phiu (cé Bién ban hop Ban kiém

phiéu kém theo)

- Diém trung binh ciia 83 &n tb¢ nghigp: ... 3:.5........
Két lujn:
1. Céac ndi dung cin chinh sira, hoan thién sau bao vé d& an t6t nghiép: .
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-----------------------------------------------------------------------------------------------------------------------------------------
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2. bé nghi Hoc vién cong nhén (hegekhéng) va cép bing (kod@ic1chdng) thac si cho hoc

vien: ... V.. Mindi..... /l/.fémj ............................................................................................
3. Dé 4n t6t nghiép c6 thé phit trién thanh dé tai nghién ciru cho
NCS.oiieieeeeeieeeeeeeeeee e
Budi 1am viéc két thic vao.../2.A..... cing ngay.
Chii tich Thw ky

PGS.TS. Trin Quang Anh TS. Kim Ngoc Bich



CONG HOA XA HOI CHU NGHIA VIET NAM
Déclap — Tw do — Hanh phire

BAN NHAN XET PE AN TOT NGHIEP THAC SI
(Diing cho nguoi phan bién)

Tén dé tai dé 4n 6t nghiép: UNG DUNG MANG NO-RON NHAN TAO VA PHEP
BIEN POI FOURIER BE PHAT HIEN HINH ANH THE CAN CUGC GIA MAO

Chuyén nganh: Khoa hoc mdy tinh

M4 chuyén nganh: 8.48.01.01

Ho va tén hoc vién : V& Minh Manh

Ho va tén ngudi nhén xét: Trin Thi Oanh

Hoc ham, hoc vi: PGS.TS

Chuyén nganh: Khoa hoc may tinh

Co quan céng téc: Trudng Quéc té - PHQG Ha Nbi

S6 dién thoai: 0362220684 E-mail: tranthioanh(@vnu.edu.vn / oanhtt@gmail.com
NOQI DUNG NHAN XET

I/ Co s& khoa hoc va thyc tién, tinh clp thiét cia @& tai:

Dé 4n Iya chon mot bai toan c6 tinh thdi sy, thue tién cao trong bbi canh dinh danh
dién tir va phong chbng gian 1an s6. Huéng tiép cin két hop mang no-ron VGG16 véi
phép bién dbi Fourier 1a hop 1y, c6 co s& khoa hoc va bam sét c4c nghién ciru gin day
trong 1inh vire phét hién gid mao (anti-spoofing).

11/ N6i dung ctia dé 4n ot nghiép, c4c két qua i dat dugc:

Pé 4n t6t nghiép da thyc hién:

+ X4y dyng va thir nghiém mé hinh VGG16 két hgp phép bién dbi Fourier dé phat
hi¢én anh thé cén cudc gid mao .

+ Dénh gid tinh kh thi thyc t€ cia m6 hinh sir dung céc d§ do va céc thir nghiém
ablation study khac nhau.

ITI/ Nhitng vén d& cin giai thich thém:
V& hinh thire. b6 cuc:

- Mot s6 tiéu myc con trinh bay hoi dan trai, ddc biét & phan 1y thuyét Fourier va
mang no-ron tich chip, mang tinh gido trinh nhiéu hon 13 phuc vu trye tiép cho
bai toAn nghién ctru. Cén ting cudng tham chiéu t6i céc tai lidu gbe.

- Rasodt lai dénh s6 myc luc: Vi dy muc 3.3 ldp 2 lan.

- Mot sé doan viin con dai, c6 thé tch ¥ d8 ting tinh 18 rang.

- Tang cwong sir dyng so @b, hinh v& kién triic dé ting tinh r6 rdng mach lac: vi
du phin chuong 3 c6 trinh bay vé kién trac giai quyét bai toan gdm nhidu thinh




phén, hoc vién nén vé kién triic téng thé treéc khi di gidi thich timg thanh phén
trong khéi do; hodc doan v& md ta x4y dung tép dit liéu train, dev, test.

- Ra sodt lai tai liéu tham khéo theo 1 dinh dang théng nhét, ghi ddy di céc

théng tin vé tai liu.

o V&b dir 1iéu:72.793 anh cong khai, nhung chira mé ta ro ngudn cu thé,
muc d9 da dang thiét bj, diéu kién anh sang. Chura thiy danh gid kha
ning téng quét hoa trén tap dif liu hoan toan khéc.

o V& thiét ké thir nghiém

*  Trude khi tién hinh c4c thir nghiém, cin néu 16 cdc kich ban thiy
nghiém, ¢é me"ty loai, myc dich dé chitng minh diéu gi.

= Thiét ké thir nghiém chua c6 d4nh gi4 chéo trén tp di¥ liéu hoan
todn khéc, do d6 kha néing tong quét hoa clia md hinh trong méi
trudng thue t€ chua dugce kiém chimg diy d.

o V& céch thirc tién hanh thir nghiém:

*  Cac tham 56 huén luyén co ban dugc trinh bay, tuy nhién chura
phén tich sdu 4nh hudng ctia cic siéu tham sb (learning rate, baich
size, bén kinh b6 loc Fourier) dén két qué cudi cing.

= Mt sb quyét dinh thiét k& (vi du Iya chon b6 Ioc tin sé cao ly
tudng, gié tri bén kinh lpc) con mang tinh kinh nghiém, thiéu thi
nghiém so s4nh d& 1am rd tinh téi wu.

o Vékét qua:

*  Céc két qua thuc nghiém phi hop véi gid thuyét nghién cfru ban
déu, chimg minh rang dc trung mién tan s8 déng vai tro tich cye
trong bai todn phét hién anh chup qua méan hinh. Tuy nhién, phén
trinh bay két qué con thién vé so sanh sé liéu, chwa phén tich sau
nguyén nhén m6 hinh hoat dong tdt hodic chura tét trong céc
trudng hop khé.

Ciu héi:

1. So véi cdc nghién ctru da két hop CNN va FFT truée ddy, déng gop méi 16
rang nhit ciia d& 4n 13 gi?

2. Vi sao hoc vién khong thir nghi¢ém véi mdt mé hinh nhe hon dé chimg minh wu
thé cita VGG16+FFT trong bdi canh thei gian thyc?

3. Néu trién khai mé hinh trén di lidu thyc t& ciia ngéin hang tai Viét Nam, téc gia

" dénh gid kha ning suy giam hiéu ning thé nao?

IV/ Két lujn:
Ddng ¥ cho phép hoc vién bao vé dé an tét nghiép. Tuy nhién, hoc vién cdn tiép thu va
lam r8 thém céc y dwgce néu & myc I1I,
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NOQI DUNG NHAN XET

L Co s& khoa hoc va thyre ti&n, tinh cAp thiét ciia dé tai:

Vige sir dung gifly ciin cudc cong din d& xéc thuc danh tinh trén méi trudmg sé
dang tr& nén phd bién. Tuy nhién, viée lam ndy tiém ting rii ro gid mao gidy t0. Vi
vay, bii todn x4c dinh gid mao anh cin cuge cong dén néi riéng va gidy t& tuy than néi
chung c6 tinh cap thiét va  nghia thye tién,

Phép bién dbi Fourier ¢6 kha niing phén tich céu tric tin sb va c6 thé ing dung
phét hign bét thudng trong hinh anh. Bén canh d6 mang no ron nhén tao @3 va dang
duoc mg dung réng rdi cho nhidu bai toan nhan dang. V1 vdy, giai phap két hop mang
no ron nhén tao véi phép bién ddi Fourier trong d& 4n ¢6 co s& khoa .

IL Ni dung ciia 38 4n tét nghiép, cic két qua di dat dwgce:

DA dn trinh bay trong 57 trang va mot phu luc, Gém:

Chuong 1: trinh bay vé v& vén d2 hinh 4nh thé cfin cude gia mao

Chuong 2: trinh bay vé phuong phép phét hién hinh anh thé cin cude gid mao six
dung phép bién ddi Fourier va mang no ron nhin tao VGG16

Chwong 3: trinh bay vé xdy dyng gidi phép tir lya chon tap dit lidu, tidn xi 1y, huén
luyén va danh gia mé hinh sir dung 1 b di ligu uy tin,



Hoc vién ¢6 01 bai duge ding tai tap chi quéc té TETA (tac 8id 2) vao thang
8.2025.

ITL. Nhing vin dé cin giai thich thém:

Tén dé tai dé cp t6i phét hién hinh anh the cdn cude gia mao, vi sao bj di lidu
hudn luyén lai c6 ca h§ chidu?

Vige lya chon dit lidu ca anh thé ciin cude va hé chiéu cua nhidy quéc gia (10 qube
gia) c6 vu, nhuoc gi?

Cén 18 trinh bay (chra in d3m tén céc dé muc con, 18 cach dong...)

IV. Két luén:
Noi dung dé an pha hop véi téni dé tai va 48 cuong d4 dugc duyét. Noi dung dap

img y&u cau cia dé 4n thac si.

Dong y ¢hose-khéag-déng-¥)-cho phép hoc vién bio vé dé 4n t6t nghiép.

Negay...Z. thing.. 1. . .nam 20246
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