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LOI CAM DOAN

T6i cam doan day 1 cong trinh nghién ciru cta riéng t6i. Cac sd liéu, két qua
néu trong ludn vin 13 trung thuc va chua timg duoc ai cong b trong bat ky cong trinh
nao khac.

Ngoai trir nhirng tai liéu tham khao duoc trich dan thi khong c6 doan van nao
duge cong bd trén cac tap chi khoa hoc, luin vén trong va ngoai nudec.

Chuong trinh demo la chuong trinh da dugc cai thién tdt nhat va chua duge

cong b hay bat ky mot ai di 1am nhu két qua dat duoc.

TPHCM, ngay 25 thang 01 ndm 2022

Hoc vién thuc hién luin van

Huynh Minh Nhut



LOI CAM ON

Trudc tién, ti xin chan thanh cam on Thay TS.Nguyén Xuin Sam di tan tinh
huéng dan va tao moi diéu kién thuan loi dé t6i hoan thanh tbt luan van nay.

T6i cling xin giri 101 cam on dén Quy Thay C6 tai Hoc Vién Cong Nghé Buu
Chinh Vién Théng Co sé Thanh phd H6 Chi Minh d3 tin tinh giang day va trang bi
cho 61 nhitng kién thirc quy bau trong qua trinh tham gia hoc tap tai Trudng.

T6i chan thanh biét on sau sic dén gia dinh va ban bé di dong vién va gitp do
to1 hoan thanh khoéa hoc nay.

TPHCM, ngay 25 thang 01 nam 2022

Hoc vién thuc hién luin van

Huynh Minh Nhut



MUC LUC

LOT CAM DOAN ...ttt bbb i
LOT CAM ON ..ottt i
MIUC LUC ettt i
DANH MUC CAC THUAT NGU, CHU VIET TAT......coovvrrrerenerennessssenssssnesenees v
DANH SACH HINH VE ..ot Vi
MO DAU ..ottt 1
1. Tinh cAp thidt CUA Q8 tAi.....co.eveereeceereeeeeecee et 1
2. TOng quan vAn d& NERIBN CUU.......c.cveveeeeeeeeeeseeeeeee ettt 1
3. MUC tIEU NZIIEN CUIU ..ottt 1
4. DO6i tuong, pham vi NERIBN CUU ......v.vvveeveercececeeeeeee e, 2
5. Phuong phdp nghi€n CUU ........oooiiiiiii s 2
B BO CUC TUAN VAN ..ttt ettt e eeeees et ee et et et e e et et et eneeeeeeetenee et eeeeeeeens 2

CHUONG 1: TONG QUAN VE XAY DUNG HE THONG NHAN DANG CHU KY
VIET TAY oottt bbbttt sr e n e 3
1.1  Cac phuong phap nhan dang chir k¥ viét tay truyen thong.........c.coeevererrrerennns 3
1.2 Machine Learning trong nhan dang chit Ky Viét tay ........cccocrvvrrerreevereresrnsereninns 6
1.2.1  Gi6i thiéu vé machine 1earning..........cocoeveverereererersrsseseeesessesseeseessesseeseenes 6
1.2.2  INPUE VA OUPUL ..o 7
1.2.3  Random forest trong nhan dang chit Ky Viét tay ........cccoverrereeerererrrererinnnn, 8
1.3 Deep Learning (DL) trong nhan dang chit Ky Viét tay ..........cccoveerrrrerereerirnrenenns 9
1.3.1  Gi6i thiu v& deep 1earning...........ccoveeveeveerererrrsreseeeeeeesessesseesessessessessensenaan. 9
1.3.2  Deep learning trong xay dung hé thong nhan dang chit ky viét tay .............. 10
1.4 KEt TUAN CRUONG ..ot 11
CHUONG 2: CO SO LY THUYET VA CAC CONG TRINH LIEN QUAN..........cc........ 12
2.1 COSO LY tAUYEE vevevoceececeeceeeee et 12
2.1.1  Mang no-ron (NEUFAI)........ccciiiiiiiiieieie et eneas 12
2.1.2 Mot sb kiéu MANE NO=TON ..ottt 16
2.1.3  Cac phuong phap huin luyén mang no-roN..............ccceceeeereeererrnresrenrersenunens 17
2.2 Céc cong trinh HEN qUAN. .........cciiiiiiiiiii i 24
2.2.1  Mang LeNet-5 (1998) ......cooiiiiiiiiiiie et 24
2.2.2  AIBXNEL ... 25
2.2.3  VGGL16 ..o 29

2.3 K&t TUAN CHUONG ...ooocvoveececeeeeeeeeeeeeee ettt 35



CHUONG 3: MO HINH NHAN BIET CHU KY VIET TAY .oovoveeeeeeeeeeeeeeeeeeeeeeeneeeens 37
3.1 M5 phong chuong trinh nhan biét chit Ky Vit tay ........occcvvvvreeieeieeseeeeess 37
311 Gio1 thi€U ChUNG ...ooiiiiii 37
31,2 CONG CU ST AUNE ...t 37

3.2 Moi truong mo phong thuce Nghi€m .........ccvviiiiiiiiiii e 38
3.3 KAt IUAN CHUOME. ..ottt 46
KET LUAN VA HUONG PHAT TRIEN ...coovieiviteeeeeeeeteeeete e teneeeneeeee s een e en s 47

DANH MUC CAC TAILIEU THAM KHAO ..ottt en e, 49



DANH MUC CAC THUAT NGU, CHU VIET TAT

Viét tit Tiéng Anh Tiéng Viét
CNN Convolutional Neural Network Mang than kinh tich chap
ANN Artificial Neural Networks Mang No-ron
SNN Simulated Neural nNetworks Mang No-ron md phong
kNN K-nearest Neighbors Giai thuat hang x6m gan nhat
SVM Support vector machine May vector hd trg
GPU Graphics Processing Unit B6 xir 1y d6 hoa
Al Artificial Intelligence Tri thong minh nhan tao
RGB Red Green Blue Mo hinh mau Red Green Blue
ML Machine Learning May hoc
DL Deep Learning Hoc sau
HMM Hidden Markov Model Mb hinh Markov an
SOM Self Origanizing Map Ban d6 tu t6 chtic




Vi

DANH SACH HINH VE
Hinh 1.1. Tong quan vé Quy trinh Nghien clru .......ccoovviveeeeeieeeeeeeeeee e 3
Hinh 1.2. Hinh anh chir ky trong qué trinh thu thap. ..o 4
Hinh 1.3. Vi du vé Chit ky duoc Cat VA DAN NNEN. 1o 5
Hinh 1.4. Tong quan vé xay dung thuat toan xac minh chit KY. .....cocovvvverrrerrennne, )
Hinh 1.5. Kién tric cia 1 md hinh nhan dang chit K¥ [1] oo 8
Hinh 1.6. M0 ta thuat thoan random fOrest............ovvvvviiiiiee e 8
Hinh 1.7. MAu training set trong random fOrest.............ccoeverrererererereneuesieeereseeeseeenns 9
Hinh 1.8. Ap dung random forest vao nhan dang chit KY ........ccocvcvvvreeereiensennnnenn, 9
Hinh 1.9. M&i 1iEn he AL ML, DL....ovoveieeeeeeeeeeeeeeeeeeeee et es e e eneneeans 10
Hinh 1.10. Deep learning trong nhan dang chit k¥ Viét tay. .......ccccvevvervreeererierirennns 10
Hinh 2.1. CAU t20 MOt NIO-TON «.v.veveeeeeeeeeeeeeeeeeeeteee e et et e et seee st e e et esesee e eeeseeeneeeans 12
Hinh 2.2. Ham d6ng nhat (Identify function) ..........ccccevevenverieesseersesseeessssenessennns 14
Hinh 2.3. Ham budc nhi phan ... 14
Hinh 2.4. Ham Si@mMoid ......cccoooiiiiiiiiii s 15
Hinh 2.5. Ham sigmoid [UONZ CUC ......coiiiiiiieiiieiie e s 15
Hinh 2.6. Mang no-ron truyén thang nhiéu 16p (Feed-forward neural network)......16
Hinh 2.7. Mang no-ron hdi quy (Recurrent neural network)........................... 17
Hinh 2.8. M6 hinh hoc ¢6 giam sat (Supervised learning model) ... 18
Hinh 2.9. M6 phdng mang no-ron tich chap ........ccceviiiiiiii 20
Hinh 2.10. Minh hga tich Chap.......ccccccveiiiiiie e 21
Hinh 2.11. Anh mo sau KBi CHAP.......cvveeveeeeeeeeeecseeeees e 22
Hinh 2.12. M6 phong s6 1am mo anh (BUGC 1) ...ceveeeveeeeeeeceeeeieeeeeeessees s, 22
Hinh 2.13. M6 phong s6 1am md Anh (BUGC 2) ....uvevvreeereereereseeieseesessssesesseseeseenenes 23
Hinh 2.14. Anh duoc phat hién bién sau khi chap........ccccoviviiiiii e, 23
Hinh 2.15. Kién tric LENEt-5.......uviiiiiiiiieeeiiiie e et 24
Hinh 2.16. Kién triic AIBXNEL.........oiiiiiiiiiiiiiii e, 26
Hinh 2.17. Ki€n trc VGG-16........cvvverrriiriririreinesisesissssssssssssssss s 30

Hinh 3.1. Qua trinh import thu VI€n.............oooiiiiii e 39



vii

Hinh 3.2. Chia dit liéu dau véao thanh 2 nhom that va oa b TSRS 40
Hinh 3.3. Ham léy ra 2 chit that va 1 chit ky gid tur bo dir liéu da duoc chia............. 40
Hinh 3.4. Ham tao cac cap dir liéu theo kich thudc batch size.......................... 41
Hinh 3.5. MO hinh ONN. ... 42
Hinh 3.6. Tranningmodel......... ..., 43
Hinh 3.7. Tinh toan ngudng va do chinh xéc sau khi train model..........................43
Hinh 3.8. Ham kiém tra chit ky that @id...........ooooiieii i 44
Hinh 3.9. Két qua chit Ky that 14n 1.........oooiuiii e 44
Hinh 3.10. Két qua chit Ky thAt 140 2..........cooovvvieieeeecese e en s 45
Hinh 3.11. Két qua chit ky that 1an 3.t 45
Hinh 3.12. Két qua chit Ky that 1An 4. .........oiii e 45
Hinh 3.14. Két qua chit kY gia 1an 1........oooiiiiie e, 46
Hinh 3.15. Két qua chit Ky @id 180 2........ooiimiiiee i 46
Hinh 3.16. Két qua chit Ky Qi 1An 3......oieee it 46

Hinh 3.17. Két qua chit Ky Qid AN 4.........oiiimi i 47



MO DAU

1. Tinh cap thiét caa dé tai

Trong linh vyc sinh tric hoc hanh vi, viéc xac minh chit ky 1a quy trinh tham
chiéu dé xac thuc mot nguoi. Chit ky duoc coi 1a “con dau phé duyét” dé xac minh
su chip thuan cua nguoi ding va van 13 phuong tién xac thuc duoc wa chudng nhat.
Chit ky viét tay von ap dit trach nhiém phap 1y vé tai chinh va dao duc, 1a mot k§
thuat xac thuc van dugc sir dung rong rai ngay nay, dic biét trong cac vin ban phap
1y, giao dich ngan hang va thuong mai. Do d6, chit ky viét tay thuong bi cac ké xau
loi dung va str dung dé Itra dao.

bé ngan chan gian 1an va muc dich x4u, x4c minh chit ky duogc st dung nham
xac minh viéc phan biét chit ky gia mao véi chir ky that. Han ché quan trong cua chir
ky viét tay 1a chiing khong thé sao chép theo ciing mét cach. Cac chit ky c6 thé khac
nhau tity thudc vao dung cu viét duge st dung (bt chi, gidy.. ). Ngay ca nhitng ngudi
tai nang nhat cling khong bao gid c6 thé ky cing mot chir ky theo ciing mot cach.

Muc tiéu két qua dat ctia hé théng 13: Phan biét chir ky viét tay that hay gia
dua trén k¥ thuat hoc sau. Phuong phap hoc sau dugc nghién ctru 1a thuat toan Mang
No-ron tich chap (CNN).

2. Tong quan van dé nghién ciu

Mang No-ron tich chap (CNN) Ia mét trong nhitng mo6 hinh ctia Hoc sau (DL).
Tac dung cuia thuat toan nay chinh 13 gitip chung ta tao ra nhiig hé thong thong minh,
co sy phan img vé1 d6 chinh xéc cao.

Hé thong phan tich két qua xac thuc chir ky viét tay dugc chira boi nhiing
phuong phap hoc sau (DL).

3. Muc tiéu nghién ctu

Xéc thuc chit ky viét tay dé phan biét chit ky viét tay that hay gia dé ngin chin

viéc ké x4u loi dung trong céac giao dich ngan hang, vin ban phép 1y va thwong mai. ...



Noi dung chinh 13 viéc bién dbi dir liéu thu thap nay thanh thong tin bang md
hinh hoc sau nham phén tich két qua tot nhat cua chit ky that va gia mao.

Vén dé nghién ctru trén dang 12 mot chu dé thoi s va duge nhidu nhom nghién
clru trong va ngoai nude rat quan tam.

4. Pdi twong, pham vi nghién ciru

Péi tuong nghién ctru: Cac chit ky viét tay ctia nguoi Viét Nam

Pham vi nghién ctru: Nghién ctru k¥ thuit xtr Iy anh cac chit ky viét tay cua
nguoi Viét.
5. Phuong phap nghién ciru

Phurong phdp 1y thuyét: Dua trén cac tai liéu vé co so 1y thuyét vé xt 1y anh
s, loc trich anh sd. Sir dung ngdn ngit Python dé xay dung hé théng dua trén thuat
toan Mang No-ron vé nhan dang chit ky viét tay.

Phuong phdp thuc nghiép: Xay dyng chuong trinh thir nghiém va kiém thi
tinh hiéu ciia chuong trinh voi nhitng chit ky viét tay cia nguoi Viét.
6. Bo cuc luin vin

Ngoai phén mé dau, muc luc, két luan va tai liéu tham khao, noi dung chinh
cua luan an duogc chia thanh 3 chuong, cu thé nhu sau:

Chuong 1: Tong quan vé xdy dung hé thong.

Chuong 2: Co s& Iy thuyét va cac cong trinh lién quan.

Chuong 3: M6 hinh nhan biét chit ky viét tay.



CHUONG 1: TONG QUAN VE XAY DUNG HE THONG
NHAN DANG CHU KY VIET TAY

1.1 Cac phwong phéap nhéin dang chit ky viét tay truyén thong

Chir ky viét tay 12 mot biéu tuong viét tay cta con nguoi. Chit ky [1] con 1a
mot cong cu phé bién dé x4c dinh danh tinh cia mot nguoi, dac bi¢t la vé mit phé
chuén cac tai liéu mat. Diéu nay din dén nhu cau nghién ctru thém vé xac minh chi
ky, nham ngan chan viéc cac bén thiéu trach nhiém loi dung chir ky.

MJi con ngudi c6 mot cai gi d6 co thé dugc sir dung 1am bang ching vé danh
tinh, chang han nhu: chir k¥, ddu van tay, khudn mit, .... Ngdy nay, hau hét cac cong
ty trong linh vuc ngan hang va céac linh vuc khac dya vao chit ky dé x4c minh danh
tinh cta ai d6. Do tim quan trong cta chit ky cia mot ngudi nao d6 trong hé thong,
ludn c6 nguy co sir dung sai chir ky cta cac bén thiéu trach nhiém. Viéc lam dung
bao gém gia mao chir ky dé 1am sai léch danh tinh ciia ai d6 dé xAm nhap vao hé
théng hodc truy cép céc tai liéu bi mat. Boi vi tinh trang dang lo ngai nay, cac nha
nghién ctru da tién hanh mot s6 nghién ctiru vé chit ky xac minh bang cach sir dung
cac phuong phap khac nhau [1],[2]. Nghién ctru tap trung vao xac minh xem chir ky
da cho la that hay gia.

Mic du c6 nhiéu nghién ctru vé xac minh chit ky, hiéu suét cia cac phuong
phap da duoc phat trién van chua dat yéu cdu. Ngoai ra, hau hét cac phuong phap chi
str dung may hoc truyén théng. Do d6, ching t6i phat trién cic mo hinh va xac minh
chit ky cac thuat toan sir dung hoc sau. Nguoi ta mong doi rang sy phét trién ctia mo
hinh nay va thuat toan s€ cai thién hiéu suét va do chinh x4c clia cac xac minh chir ky
hién tai. X4c minh chir ky co thé dugc chia thanh hai loai, tirc 1a, xdc minh chir ky
ngoai tuyén va xac minh chit ky truc tuyén. Xac minh chir ky ngoai tuyén 12 mot quéa
trinh x4c minh thyc hién trén ban quét chir ky ciia mgt ngudi ma trude do da duoc
thuc hién trén giéy. Mat khac, xac minh chir ky truc tuyén ¢6 thé duogc thuc hién truc
tiép khi ai d6 ky mot cai gi d6 thong qua cong cu (vi du: may tinh bang) ciing c6 thé

duogc tich hop truc tiép vao mot hé théng 6 thé xac minh chit ky.



Tuy nhién dé x4c minh chir ky thudng thuc hién theo 4 giai doan sau: thu thap

dir liéu, chu thich dir li¢u, xdy dung mo hinh va danh gia moé hinh [3]

Data
Collection
All
collected
data
v
Data Generated dataset |  Algorithm
Annotation "| Construction
Model
A 4
Evaluation

Hinh 1.1: Tong quan vé Quy trinh Nghién ciru
Quy trinh nghién ctru ctia chiing t6i gdm bon thanh phan chinh, cac thanh phan
dugc giai thich chi tiét trong phan nay:

Thu thap dir li¢u:
La tap hop cac quy trinh phan tich thu thap dir li¢u ctia ngudi dung.

Hinh 1.2: Hinh anh chir ky trong qua trinh thu thap [3]



Vi du vé dit liéu duoc thu thap, hai Cot dau tién tir bén trai 1a chit ky ban dau,
sau d6 1a cot thir ba va thir tu 1a chit ky bat chudc ciia ngudi khac ma tinh nguyén
vién da gid mao.

Chu thich dir liéu:

Sau khi hoan tit viéc thu thap dir liu, tat ca cac chit ky s€ dugc quét, chu thich
va dan nhan dé sir dung trong giai doan nay. Mdi trang cia tai liéu duoc quét bao
g6m 20 chir ky gdc cta ngudi 1, 10 chit ky gia mao cta ngudi 2 va 10 chit ky gia mao

cua nguoi 3, nhu trong Hinh 1.2:

/

Hinh 1.3: Vi du vé Chir ky dwogc Cit va Dan nhin
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Output
Hinh 1.4: Tong quan vé xiy dung thuit toan xac minh chir ky [4]
Day 1a giai doan quan trong, sau khi tap dit liéu thong qua qua trinh tién xu 1y,
dir li€u dugc str dung truc tiép lam dau vao cho CNN sé& duoc xir ly dé trich xuat cac

tinh ndng. Sau do, cac dac diém d3 duoc trich xuit c6 thé duoc gui dén bod phan loai



va qua trinh xac minh s€ tao ra m6 hinh dugc st dung dé xéac dinh cho du chit ky la
that hay gia.

Panh gia mo hinh:

Giai doan nay la giai doan cudi cing trong qua trinh trién khai mo hinh. Tai
giai doan nay, moi mo hinh s& duoc danh gia, sau d6 sé tinh do chinh xéac va ty 1¢ 10i
v6i mot sb cAu hinh. Dé biét chi tiét vé su sdp xép va két qua cua cac cudc danh gia.
1.2 Machine Learning trong nhin dang chir ky viét tay

1.2.1 Gidi thi¢u vé machine learning

Machine Learning [4],[5] 1a viéc sir dung va phat trién cac hé thong may tinh
c6 kha ning hoc hoi va thich tng ma khéng cin tudn theo cic chi dan rd rang, bang
cac str dung cac thuat toan va mo hinh thong ké dé phan tich va rat ra suy luan tir cc
mau trong dit lidu dau vao.

May hoc 1a mot linh vuc con cua tri tu¢ nhan tao (Al). Muyc ti€u ciia may hoc
noi chung la hiéu cau trac cua dit liéu va diéu chinh dit liéu d6 thanh cic mo hinh ma
con nguoi co thé hiéu va su dung. Mac du may hoc 1a mot linh vyc trong khoa hoc
may tinh, né khac véi cac phuong phap tiép can tinh toan truyén thong. Trong may
tinh truyén théng, thuat toan 1a tap hop céac 1énh dugc 13p trinh ro6 rang dugc may tinh
st dung dé tinh toan hodc giai quyét vin dé. Thay vao do, cac thuit toan hoc may cho
phép may tinh ddo tao vé dau vao dir liéu va st dung phan tich thong ké dé dua ra cac
gia tri nam trong mot pham vi cu thé. Do d6, hoc may tao diéu kién cho may tinh xay
dyng mo hinh tir dit liéu mau dé tu dong hoa quy trinh ra quyét dinh dua trén dir liéu
dau vao.

Xac minh chir ky [6] truc quan dugc xay dung mdt cach ty nhién nhu mat
nhiém vu hoc may. Mot chuong trinh dugc cho la thé hién kha nang may hoc trong
viéc thuc hién mot nhi€ém vu néu no co thé hoc hoi tir nhitng nguoi mau, cai thién khi
s6 lwong nguoi mau ting 1én, v.v. [3].

Xac minh chir ky tu dong [4] 1a mdt nhiém vu trong d6 may hoc co thé duoc
sir dung nhu mot phan tw nhién ciia quy trinh. Hai cach tiép can hoc may khac nhau,

mot phuwong phap lién quan dén d6 chinh xac va mot phuong phap khac chi lién quan



dén d6 chinh xac cho mot truong hop cu thé d3 dugc mo ta. Ca hai cach tiép can déu
lién quan dén viée sir dung mot thude do tuong tir dé tinh toan khoang cach giira cac
dic diém cua hai chit ky.

Trong truong hop hoc thong thuong, muc tiéu l1a hoc tir mot luong 16n cac mau
chir ky that va gia. Trong tam la phan bi¢t sy khac bi¢t gitta hang that-chinh hang va
suMﬂcM&gﬁahﬂgﬂﬁbgémmxBMumHMxdumqmmb@uwhmnnmbﬁumn
phan loai hai 16p trong d6 dau vao bao gdm sy khac biét giita mot cap chir ky. Nhiém
vu xac minh duoc thuc hién béng cach so sanh chir ky duoc hoi véi méi chir ky da
biét. Van dé hoc tap nodi chung co thé duoc xem nhu mot vin dé ma viéc hoc tap dién
ra v6i nhitng diém gan nhu thiéu s6t nhu mot vi du phan chung [5]. Hoc tap dic biét
tap trung vao vi¢c hoc tu cac mau chinh chu cia mét nguoi cu thé. Trong tam la tim
hiéu su khac biét gitra cac thanh vién cua 16p genuines. Nhi€ém vu xac minh vé co ban
12 mot bai toan mot 16p dé xac dinh xem chit ky duoc hoi c6 thudc 16p d6 hay khong.

1.2.2 Input va Ouput

Machine Learning sir dung trong nhan dang chit ky viét tay trudc day chil yéu
str dung cdy quyét dinh ( Dessection Tree) hoidc cao hon 14 sir dung random forest dé
nhéan dang ching.

Input: La cac hinh anh chit ky dwoc gin nhén.

Output: Pua ra du doan vé chir ky cia ai trong tap traning & ddy 1a cac nhan

001, 002, 003?

Reference Questioned
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Or €= \Veificaion [¢-----1
Forgery

Hinh 1.5: Kién tric ciia 1 mé hinh nhan dang chir ky [1]



1.2.3 Random forest trong nhin dang chii ky viét tay

Thuat toan random forest trong nhan dang chir ky viét tay s& hoat dong theo

5 budc:
e Budc 1: Tién xir 1y tinh anh
e Budc 2: Chon cac miu chit ky ngdu nhién tir tap dit liéu huan luyén
e Budc 3: Xay dung ciy quyét dinh cho méu chit ky
e Budc 4: Cac cdy quyét dinh dua ra cac du doan
e Budc 5: Chon két qua la chir ky dugc du doan nhiéu nhat 1a du doan
cudi cliing

Training
Sample

Training
Sample
1

|

Decision

Tree
1

Decision
Tree

|

n

Decision
Tree
o oo n

Test Set

Training Set: La tap cac hinh danh nam trong cac thu muc c6 gan nhan hoic

Prediction

Hinh 1.6: M6 ta thuat thoan random forest [5]

cac hinh anh c6 nhan.
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Hinh 1.7: Mau training set trong random forest [5]



Training Sample: La cac tap duoc lya chon ngau nhién tir tap training set tir
d6 tao thanh céc cay quyét dinh chudn bi cho qu4 trinh voting.
Test: Dua dit liéu 1 hinh anh chit ky vao mé hinh. Két thiic qua trinh voting

s¢€ la két qua cua du doan

Traning Set
Q " - . - ) Input
-
ETreel _] E Tree2 J [Treea J </ o ol
P \

Du

g

ng

-
Z

ree
ree
ree

Quyn
Quyn

Z

Qutput

e<2:

Hinh 1.8: Ap dung random forest vao nhan dang chir ky [4]

Uu diém:
- Thuét toan mang tinh chat md phong dé hinh dung, khong phirc tap nhiéu vé
thuat toan.
- Thuat toan dugc hd tro trén nhiéu thuat toan, trén nhiéu linh vuc khac nhau.
Nhuoe diém:
- D0 chinh xac khong cao.
1.3 Deep Learning (DL) trong nhan dang chir ky viét tay
1.3.1 Gidi thiéu vé deep learning
C6 thé néi deep learning 1a mét loai machine learning dua trén mang noron nhan
tao, trong d6 nhiéu 16p xir 1y dugc sir dung dé trich xuat dic trung va nhiéu thi hon
tur dir licu.
Hién nay, Al [7] dang phat trién manh mé, dé dat duoc budc tién nhu hién tai
thi deep learning nhu 1a mot chia khoa thiic day Al ngay cang tién xa hon va st dung

rong rai véi doi song con nguodi hon.
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Hinh 1.9: Méi lién h¢ Al, ML, DL [7]

1.3.2 Deep learning trong xdy dung hé théng nhgn dang chi ky viét tay

Bai toan dit ra: Chung ta s& c6 1 bo cac chit ky that, gia c6 gan nhan 1a tén
cua cac nhan vat dai dién cho tung chit ky. Bai toan dét ra 1a khi dua anh cua 1 chir
ky vao ¢ thé nhan dang d6 1a chir ky that hay gia? Va chir ky d6 1a cua ai?

Dé giai quyét van dé trén duoc triét dé dua ra cac dy doan c6 do chinh xac cao,
c6 do tin cdy va an toan hon. Trong viéc xay dung nay, dé xuét thuc hién bang deep
learning, str dung CNN hinh thanh nén cdc mang no-ron nhan tao, tién hanh phén tich

du doan.
Input Deep learning

W@.

Output

Is real signature?
. s who?

Hinh 2.10: Deep learning trong nhan dang chix ky viét tay [9]

Ta nhén thay thuat toan deep learning dem dén cho chiing ta két qua xac thuc
vO1 mang no-ron nhan tao. Pem dén su chinh xac va muc do kha quan hon so véi

machine learning.
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1.4 Két luan chwong

Hiéu biét dugc nhirng khai niém téng quan vé tri tué nhén tao. Théy duoc tim
quan trong va y nghia cta tri tué nhan tao. Tir d6, c6 cai nhin vé& hoc may, hoc sau
céc 1oi ich vé sau ma tri tué nhan tao sé mang lai cho con nguoi. Ap dung vao viéc

st dung dé nhan dang chir ky viét tay.
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CHUONG 2: COSOLY THUYET
VA CAC CONG TRINH LIEN QUAN

2.1 Co sé 1y thuyét

2.1.1 Mang no-ron (neural)
2.1.1.1 Giéi thiéu vé mang no-ron

Mang no-ron, con dugc goi la mang no-ron nhan tao (ANN) hodc mang no-
ron mO phong (SNN), 1a mot tap hop con cia hoc may va la trung tam cua cac thuét
toan hoc sau. Tén va cdu truc cua ching dugc ldy cam hing tir ndo nguoi, bat chude
cach cac té bao than kinh sinh hoc truyén tin hiéu cho nhau.

Mang no-ron nhan tao (ANN) bao gém mot 16p nut, chira mot 16p dau vao,
mot hodc nhiéu 16p an va mot 16p dau ra. Mdi nut, hodc no-ron nhan tao, két ndi véi
mot nit khac va co trong s va ngudng lién quan. Néu dau ra cta bt ky nit riéng 18
nao vuot qua gia tri nguong duogc chi dinh, nat d6 s€ duoc kich hoat, gui dir licu dén
16p tiép theo cia mang. Néu khong, khong c6 dir liéu ndao dugc chuyén dén 16p tiép
theo ciia mang.

Cau trac no-ron nhéan tao:

S|

i C:
: : D)o
—

Ham truyén

Piura
Ham téng

by

Piuvio  Trong sb lidn két Ngudng

N
Hinh 2.1: Céu tao mét no-ron [2]

Céc thanh phan co ban cia mot no-ron nhan tao bao gom:

e Input signals: La cac tin hiéu dau vao ctia no-ron, cac tin hiéu nay thuong
duogc dua vao dudi dang mdt vector N chiéu.

e Thanh phan lién két: duoc két ndi bai trong sé lién két — synaptic weight.

Céc trong s6 két ndi gitra tin hiéu vao thi j v6i no-ron k thuong dugc ki
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hiéu 14 wyj. Thong thuong, cac trong s lién két nay duoc khai tao mot cach
ngﬁu nhién & thoi diém khoi tao mang va dugc cap nhat lién tuc.

e Thanh phéan tong (Summing function): dugc dung dé tinh tong cia tich cac
dau vao véi trong sb lién két cua no.

e Thanh phan ngudng (con goi 1a mot d6 léch - bias): thanh phan nay thuong
dugce dua vao nhu mot thanh phan cua ham truyén.

e Thanh phan truyén (Transfer function): Thanh phan nay duoc dung dé gidi
han pham vi dau ra cia mdi no-ron. N6 nhan dau vao 1a két qua cua ham
tong va ngudng.

e Diu ra: La tin hiéu dau ra ctia mot no-ron, véi mdi no-ron sé cé toi da la

mot dau ra.

Xét vé mit toan hoc, cau trac ciia mot no-ron k, duoc mo ta bang cap biéu thuc
Sau:

Uy = 2?21 Wi X vay, = f(ue — by) (2.1)

Trong do: x1, X2, ..., Xp: 1a cac tin hi¢u vao; (wk1, Wk,..., Wkp) la cac trong so
lién két cua no-ron thir k; uk 1a ham tong; bk 1a mot ngudng; f 1a ham truyén va yx la

tin hiéu dau ra ctia no-ron.

2.1.1.2 M6t s6 ham truyén thong dung
Phén 16n cac don vi trong mang no-ron chuyén net input bang cach sir dung

mot ham vo hudng (scalar-to-scalar function) [9] goi 1a ham kich hoat, két qua cta
ham nay la mét gia tri goi 1a mure do kich hoat cua don vi (unit's activation). Loai trir
kha nang don vi d6 thudce 16p ra, gia tri kich hoat dugc dua vao mdt hay nhiéu don vi
khac. Cac ham kich hoat thuong bi ép vao mot khoang gia tri xac dinh, do d6 thuong
duoc goi la cac ham bep (squashing). Cac ham kich hoat hay dugc st dung la:

Ham déng nhit (Linear function, Identity function )

g(x) = X
Néu coi cac dau vao 1a mot don vi thi ching s€ sir dung ham nay. P61 khi mot

héng s6 duoc nhan véi net-input dé tao ra mdt ham dong nhat.
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g(x)

Hinh 2.2: Ham dong nhét (Identify function) [3]

Ham buwdc nhi phédn (Binary step function, Hard limit function)
Ham nay ciing duoc biét dén véi tén "Ham ngudng" (Threshold function hay

Heaviside function). Dau ra ciia ham nay duoc gidi han vao mot trong hai gia tri:

1, x>0
9(")‘{0 x<0

)

Ham nay duogc st dung mot 16p. Trong hinh vé sau, 6 dugc chon bﬁng 1.

g(x)
1

Hinh 2.3: Ham bwéc nhi phan [3]

Ham sigmoid (Sigmoid function (logsig))
1
1+ e

9(x) =
Ham nay rat thuan loi khi str dung vi duogc huén luyén bdi thuat toan Lan truyén
nguoc, n6 dé 1y dao ham. Ham nay duoc Gng dung cho cac chuong trinh tng dung

ma cac dau ra mong muon roi vao khoang [0,1].
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1.0
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o
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o
S
T

f(x) - Activation Function

02

0.0
-6

Hinh 2.4: Ham Sigmoid [6]

Ham sigmoid lwong cuc (Bipolar sigmoid function (tansig)).

1-e™*

1+e~X

g(x) =
Ham ndy c6 cac thudc tinh trong ty ham sigmoid. N6 lam viée tot d6i v6i cac

mg dung c6 dau ra yéu cau trong khoang [-1,1].

sessesssssssssssssceeh eee

4 56X

Hinh 2.5: Ham sigmoid lwéng cuc [7]

Ham nay rat thuan loi khi str dung vi duogc huén luyén bdi thuat toan Lan truyén
nguoc, n6 dé 1y dao ham. Ham nay duoc Gmg dung cho cac chuong trinh tng dung
ma cac dau ra mong mudn roi vao khoang [0,1].

Dbéi véi cac don vi dau ra (output units), cdc ham chuyén can duoc chon sao
cho phut hop véi su phan phdi ctia cac gia tri dich mong mudn. Chiing ta da thay rang
d6i v6i cac gia tri ra trong khoang [0,1], ham sigmoid 13 c6 ich; dbi véi cac gia tri
dich mong mudn 14 lién tuc trong khoang d6 thi ham nay ciing van c6 ich, nd c6 thé
cho ta cac gid tri ra hay gia tri dich dugc can trong mot khoang ctia ham kich hoat

dau ra. Nhung néu céc gia tri dich khong duoc biét trude khoang xac dinh thi ham
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hay duoc st dung nhit 13 ham ddng nhét (identity function). Néu gia tri mong mubn
la duwong nhung khong biét can trén thi nén st dung mgt ham kich hoat dang mii

(exponential output activation function).

2.1.2 Mt s6 kiéu mang no-ron
2.1.2.1 Mang truyén thang (Feed-forward neural network)

Mang no-ron truyén thang 1a mot mang noron nhén tao trong d6 cac két ndi
giita cac nut khong tao thanh mét chu trinh. D6i 14p véi mang no-ron truyén thing 1a
mang no-ron tudn hoan, trong d6 cac dudng dan nhit dinh duoc tuan hoan. M6 hinh
truyén thang la dang mang no-ron don gian nhét vi thong tin chi duoc xur 1y theo mot
huéng. Mic du dir liéu c6 thé di qua nhiéu nat 4n nhung n6 ludn di chuyén theo mot

huong va khong bao gio ngugc.

Hidden
layer

Input
layer

Output
layer

Inputs
Qutputs

Hinh 2.6: Mang no-ron truyén thing [1]

2.1.2.2 Mang hdi quy (Recurrent neural network)

Mang no-ron tuan hoan (RNN) 1a moét loai mang No-ron, dugc st dung rong
rii dé thuc hién qua trinh phén tich trinh ty vi RNN duoc thiét ké dé trich xuét thong
tin ngit canh bang cach xac dinh sy phu thudc giira cac tem thoi gian khac nhau. RNN
bao gdm nhiéu 16p lip lai lién tiép va cac 16p nay duoc 1ap mé hinh tuan tu dé 4nh xa
trinh tu voi cac trinh ty khac. RNN c¢6 mot kha nang manh mé dé thu thap du li¢u
theo ngir canh tir chudi. Tuy nhién, cac dau hiéu ngir canh trong cau tric mang la 6n

dinh va dugc str dung hi€u qua dé dat dugc qua trinh phan loai dir liéu. RNN c6 thé
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van hanh cac chudi véi do dai tuy y. Hinh 2.7 dai dién cho kién trc cia bd phan loai
RNN.

Input layer Hidden layer
Output layer

Recurrent network

Hinh 2.7: Mang no-ron hdi quy (Recurrent neural network) [1]

Trong cac ing dung khéc, cach chay dong tao thanh dau ra ciia mang thi nhiing

su thay d6i cac gié tri kich hoat 12 dang quan tam.

2.1.3 Cdc phwong phdp hudn luyén mang no-ron
Hoc 13 qua trinh thay d6i hanh vi cta cac vat theo mot cach nao d6 lam cho

chung c6 thé thuc hién tét hon trong tuong lai.

M4t mang no-ron dugc huin luyén sao cho v41 mot tap cac vector dau vao X,
mang c6 kha ning tao ra tap cac vector dau ra mong mudn Y ciia no. Tap X dugc sir
dung cho huan luyén mang duoc goi 13 tp hudn luyén (training set). Cac phan tir x
thudc X duoc goi 13 cic mau huan luyén (training example). Qua trinh huan luyén
ban chét 14 su thay dbi cac trong sb lién két cia mang.

Trong qua trinh nay, cac trong s6 clia mang s€ hoi ty dan t6i cac gia tri sao cho
mdi vector dau vao x tir tap huan luyén, mang sé cho ra vector dau ra y nhu mong

muon.
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C6 ba phuong phap hoc phé bién 1a hoc c6 giam sat (Supervised learning), hoc

khong giam sat (Unsupervised learning) va hoc cung ¢6 (Reinforcement learning).

2.1.3.1 Hoc c6 giam sat (Supervised Learning)

Mang dugc huin luyén [12] bang cach cung cdp cho nd cac cip miu dau vao
va cic dau ra mong mudn (target values). Cac cip duoc cung cip boi "thiy gio", hay
boi hé théng trén d6 mang hoat dong. Su khac biét gilra cac dau ra thuc té so vai cac
dau ra mong mudn dugc thuit toan st dung dé thich tmg cic trong sb trong mang.
Diéu nay thuong dugc dua ra nhu mot bai toan xap xi ham sé - cho dit liéu huan luyén
bao gSm cac cap mau diu vao x, va mot dich tuong ung t, muc dich la tim ra ham

f(x) théa man tat ca cidc mau hoc dau vao.

Training Data
Input Desired output

target
y Network 3N error
__Alin out ™~ - I
- v \ S / ﬁ\ :
Weight Objective
changes Function

Training Algorithm
(optimization method)

o

Hinh 2.8: M6 hinh hoc c6 giam sat (Supervised learning model) [9]

2.1.3.2 Hoc khong giam sat (Unsupervised Learning)
La viéc hoc khong can co bat ky mdt su gidm sat nao. Trong bai toan hoc

khong giam sat, tap dir li¢u huén luyén dugc cho dudi dang:

D={(x1,x2, ..., xN)}, véi(x1,x2, ..., xN) 13 vector dic trung ctia mau huin
luyén. Nhiém vu cua thuat toan 1a phai phan chia tap dir li¢u D thanh cidc nhom con,
mdi nhom chira cac vector dau vao cé dic trung giong nhau. Nhu vay véi hoc khong
giam sat, $6 16p phan loai chua duogc biét truge, va tuy theo tiéu chuin danh gia do

tuong ty gitta cac mau ma ta cé thé cé cac 16p phan loai khac nhau.
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2.1.3.3 Hoc cung c6 (Reinforcement learning)

Doi khi con dugce goi 1a hoc thudng-phat [12][13] (rewardpenalty learning), la
su to hop cla ca hai mé hinh trén. Phuong phap nay cu thé nhu sau: véi vector dau
vao, quan sat vector dau ra do mang tinh duoc. Néu két qua duoc xem 1a “t6t” thi
mang s& duoc thudng theo nghia ting céc trong s6 két ndi 1én; nguoc lai mang sé& bi
phat, cac trong sd két nbi khong thich hop s& duoc giam xudng. Do d6 hoc ting cudng
13 hoc theo nha phé binh (critic), ngugc véi hoc cd giam sat 1a hoc theo thiy gido

(teacher).

2.1.3.4 Hoc c6 gidm sat trong mang no-ron

Hoc c6 gidm sat co thé duoc xem nhu viée xép xi mQt anh xa: X— Y, trong
d6 X 1a tp cac van dé va Y 1a tap cac 10i giai twong tng cho van dé& d6. Cac miu (x,
y) VOi X = (X1, X2, . . ., Xn) EX, Y = (Y1, Y2, . . ., Ym) € Y dugc cho trude. Hoc co giam

sat trong cac mang no-ron thuong dugc thuc hién theo cac budc sau:

B1: Xay dung ciu trac thich hop cho mang no-ron, chang han cé (n + 1) no-
ron vao (n no-ron cho bién vao va 1 no-ron cho ngudng xo), m no-ron dau ra, va khoi
tao céc trong sb lién két cua mang.

B2: Pua mdt vector x trong tap mau huan luyén X vao mang

B3: Tinh vector du ra o ctia mang

B4: So sanh vector ddu ra mong muén y (la két qua dugc cho trong tap
huin luyén) véi vector daura o do mang tao ra; néu co thé thi danh gia 16i.

B5: Hiéu chinh céc trong sb lién két theo mot cach nao d6 sao cho & lan tiép
theo khi dua vector x vio mang, vector dau ra o s& gidng véi y hon.

B6: Néu can, 1ap lai cac budc tu 2 dén 5 cho toi khi mang dat to1 trang
thai hoi tu. Viéc ddnh gia 16i c6 thé thyc hién theo nhiéu cach, cach dung nhiéu nhat
1a sir dung 16i tirc thoi: Err = (0 - y), hodc Err = |o - y|; 16i trung binh binh phuong
(MSE: mean-square error): Err = (0 - y)2/2;C6 hai loai 16i trong danh gia mot mang

no-ron. Thir nhat, goi 1a 161 rd rang (apparent error), danh gid kha ndng xap xi cac
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mau huan luyén ciia mot mang da duoc huan luyén. Thu hai, goi 1a 16i kiém tra (test
error), danh gid kha nang tong quat hda cia mdt mang da dugc huan luyén, tirc kha
ning phan Gmg véi cac vector dau vao moi. Pé danh gia 16i kiém tra chung ta phai

biét dau ra mong mudn cho cadc mau kiém tra.

Thuat toan tong quat & trén cho hoc c6 giam sat trong cac mang no-ron cé
nhiéu cai dat khac nhau, sy khac nhau chu yéu la cach céc trong s6 lién két duoc thay

d6i trong sudt thoi gian hoc. Trong d6 tiéu biéu nhat 1a thuat toan lan truyén nguoc.

2.1.3.5 Mang no-ron tich chap (CNN)
Mang no-ron tich chidp (CNN) la mdt loai mang no-ron nhan tao dugc st dung

trong nhan dang va xu ly hinh anh duoc thiét ké dic biét dé xu 1y dit liéu pixel.

CNN la cong cu xur Iy hinh &nh manh mé, tri thong minh nhan tao (Al) st dung
hoc sau dé thuc hién ca tic vu mé ta va mo ta, thuong sir dung may tinh bao gém
nhan dang hinh anh va video, ciing v6i hé thong dé xuét va xtr Iy ngdn ngit ty nhién
(NLP). Yann LeCun, Leon Bottou, Yosuha Bengio va Patrick Haffner da dé xuét kién
tric mang than kinh dé nhan dang ky tu viét tay va in bang may vao nam 1990 ma ho
goi 1a LeNet-5. Kién trtc don gian va dé hiéu, d6 1a Iy do tai sao né chir yéu dugc st

dung nhu mot bude dau tién dé giang day.

Mot Mang no-ron tich chap bao gom 3 16p chinh: 16p tich chap (Convolution),
16p gop (pooling) va 16p két ndi day du (full-connected).

Mot cach don gian, ta c¢6 thé xem LeNet gdm hai phan: (i) mot khdi céc tang
tich chap; va (ii) mot khoi cac tang két ndi day du. Trude khi di vao cac chi tiét cu
thé, hiy quan sat tong thé mo hinh bén dudi

- - . K&t ni
Tich chap Tich chap day o

Gap

4  6@14x14
4 Anh xa dac trung S2
@5x5

: — 16
Anh 28x28 6@28x28 16810x10 ) k
Anh xa d4c trung C1 Anh xa dac trung C3 Anh xa dc trung S4

11

120 - F5 full
84 - F6 full

Hinh 2.9: M6 phéng mang no-ron tich chap [10]
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2.1.3.6  Lop tich chdp (Convolution)

Tich chap duoc st dung dau tién trong xtr 1y tin hiéu s (Signal processing).
Nho vao nguyén 1y bién dbi thong tin, cac nha khoa hoc di 4p dung ki thuét ndy vao
xtr 1y anh va video sb.

Dé d& hinh dung, ta c6 thé xem tich chdp nhu mét cira sd trugt (sliding
window) ap dat lén mot ma tran. Ban co thé theo ddi co ché cua tich chap qua hinh

minh hoa bén dudi.

1{1{1/0|0
O(1(1|1(0 413 |4
ojofslal1]| [2]4]3
001,‘1]‘@.0 2|3
o[1/1ofo0

Hinh 2.10: Minh hea tich chap [6]

Ma tran bén trai 1a mot buc anh den trang. Mdi gid tri ciia ma tran twong duong
v6i mot diém anh (pixel), 0 12 mau den, 1 1a mau tring (néu 13 anh grayscale thi gia

tri bién thién tir 0 dén 255).

Sliding window con c6 tén goi 1a kernel, filter hay feature detector. O day, ta
ding mot ma tran filter 3x3 nhan tig thanh phan twong Gmg (element-wise) voi ma
trdn anh bén trai. Gia tri dau ra do tich ctia cic thanh phan nay cong lai.

Két qua cua tich chap 13 mot ma tran [13] (convoled feature) sinh ra tir viéc
truot ma tran filter va thuc hién tich chap cung luc 1én toan bd ma tran anh bén trai.
Duéi day 1a mot vai vi du cua phép toan tich chap.

Ta c6 thé 1am md buc anh ban dau bang cach iy gid tri trung binh cua

cac diém anh xung quanh cho vi tri diém anh trung tam.
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Blur an image

Hinh 2. 7: Anh md sau khi chap [5]

V& ban chét thuc hién lam mé anh chinh 14 tao ra anh méi sao cho gia tri mirc
xam ctia mdi pixel & anh méi diing bang gia tri trung binh ciia diém twong tmg va 8
diém 1an can trén anh ban dau. Néi cach khac, véi mdi diém trén hinh ban dau, ban
tinh gi4 tri trung binh ctia no (tai hang i cot j) véi 8 diém xung quanh roi viét lai gia
tri mirc xam & vi tri tuong Ung (cling tai hang 1 ¢dt j) 1én dnh mo1i, sau d6 tuong tu

véi cac diém tiép theo.

2686 34709 , .
9031 2 4 1 4 tinh trung binh cac diém
1 3 s[2 5 1]3 3 uneaquanh
9 0 8|17 &8 910 3 245+14+7+8+9+5+3+8
1 3 5|5 3 89 3 9
6 732 42 1 4 bang
35565435 2.5.1.7.89.53.8
36 71 2 4 5 4 9 9 99 9 9 9 9 9

Hinh 2.8: Mé phéng s6 1am mo anh (bwéc 1) [10]
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Viy c6 nghia 14 ta dang tinh trung binh cong cua 9 pixel (pixel tai diém do6 va
8 pixel lan can), vay phép tinh d6 ciing giéng nhu nhén timg gia tri mirc sing clia cc
pixel 1an can voi 1/9 sau d6 cong lai véi nhau. Vay, néu c6 mot ma tran 3 x 3 voi tat
ca cac con sd trong ma tran déu 13 1/9 , ta nhan timg phan tir ctia ma tran nay véi mirc
sang cua pixel twong tng va cong lai, ta s& c6 két qua gidng nhau (xem hinh vé& bén
dudi).

Ap dung tuong tu cho moi pixel trén anh ban dau va 13y timg két qua cho ting

pixel cua anh mdi, ta s€ dugc &nh mai chinh la anh md ctia anh ban dau.

2 6 8 6 3 4 7 9
9 0 3 1 2 4 1 4 L1l
1 9 9 9
1 3 512 5 113 3 1 1 1
9 ¢ - 5 =
9 0 8|7 8 910 3 9 9 9
1 3 5|5 3 89 3 5 38 11
6 73 2 4 2 1 4 9 9 9
35565435 nhan tirng phan tlr twong &rng va cong lai
36 7 1 2 4 5 4

Hinh 2.9: Mé phéng sé 1am m& anh (bwdc 2) [10]

Ngoai ra, ta c¢6 thé phat hién bién canh bing cach tinh vi phin (d6 di

biét) gitra cac di€m anh lan can.

Hinh 2.10: Anh dwgc phat hién bién sau khi chap [7]
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2.2 Cac cong trinh lién quan
2.2.1 Mang LeNet-5 (1998)

Lenet-5 1a mot trong nhitng [15] mang CNN dau tién duogc Yann Lecun va

cac cong su phat trién vao nim 1998 dé xir 1y hinh anh.

C3: f. maps 16@10x10
C1: feature maps S4: f. maps 16@5x5

INPUT
SO sz maos I-r r
r r

C5: layer .
F6:layer OUTPUT
20 g 10

|
Fullcomjlecllun | Gaussian connections

Convolutions Subsampling Convolutions ~ Subsampling Full connection

Hinh 2.15: Kién tric LeNet-5 [3]
Lenet-5 gom 7 16p :

L&p dau tién 1a 16p dau vao — day thuong khong duge coi 14 16p cia mang vi
khong c6 gi dugc hoc tai day. Hiéu theo cach don gian day 1a 16p dau vao voéi kich

thudce sé& duogc dua vé 32x32.

Lép C1: Pay 13 16p conv dau tién co 6 dic trung v6i cac budce 1a mot. Sir dung

cong thirc tinh thir nguyén dau ra cia mang no ron tich tu:

nin+2p—k
S

nout=[ ]+1

trong do:

Nt - output of ConvNet
n;, - Input image dimension
p : padding dimension

k : kernel dimension

s : strides size

Cong thirc tinh tham sb:
Nparam = (M X m X[+ 1) X f
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Trong do:

St dung 2 cong thic trén ngudi ta co thé tinh duge kich thuéc dau ra va sd

e Hparam : NUMber of prameters
n : Kernel size dimension 1
m : Kernel size dimension 2

[ : Input image

f : Filter size

lrong tham s cia m6 hinh LeNet-5. Chire ning kich hoat ctia 16p nay 1a ham tanh(x).
Lép S2: La 16p gop trung binh. Lép ndy anh xa cac gia tri trung binh tir 16p chuyén
d6i sang 16p chuyén doi tiép theo. Lop Pooling duoc st dung dé giam sy phu thudc
ctia mé hinh vao vi trf ctia cac d6i twong hon 14 hinh dang cua cac ddi tuong. Lép gop
trong LeNet-5 c6 kich thudc 1a 2 va budc tién 1a 2.

Lép C3: La tap tht hai ciia 10p phirc hop vai 16 ban do dic trung. Kich thudc du ra
ctia 16p nay 14 10 v6i 2.416 tham sb. Chire ning kich hoat ctia 16p nay 1a tanh(x).
Lép S4: La mot 16p tong hop trung binh khac 6 kich thude 1a 2 va kich thude budc
tién 1 2. Lép tiép theo chiu trach nhiém 1am phang dau ra cua 16p trude thanh mang
1 chiéu. Kich thudc dau ra cia 16p nay 14 400 (5 x 5 x 16).

Lép C5: La mot khdi day dac voi 120 két ndi va 48.120 tham s6 (400 x 120). Chire
nang kich hoat ctia khbi nay 1a tanh(x).

Lép F6: La mot khéi day dic khac v6i 84 tham sb va 10.164 tham s (84 x 120 +
84). Chtrc ndng kich hoat ctia 16p nay la tanh(x).

Lép dau ra: Co 10 kich thude (bang sé 16p trong co sé dit lidu) voi 850 tham s6 (10
x 84 + 10). Chuc nang kich hoat cia 16p nay la sigmoid.

2.2.2 AlexNet

AlexNet 1a mdt mod hinh mang no-ron tich chap duoc dé xuat vao nam 2012
boi Alex Krizhevsky.
AlexNet bao gom 8 16p (5 16p tich chap va 3 16p két ndi ddy da). Ma tran loc

(kernel) ctia AlexNet c6 kha ning trich xuat cac dic trung tir cic anh don c6 kich c&
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chiéu rong (W) x chiéu cao (H) x mau (C). AlexNet c6 kha ning xir Iy anh RGB (3
16p) v6i kich ¢& chuén 1 224x224x3 = 150.528 gi4 tri.

Hinh 2.16: Kién tric AlexNet [13]
AlexNet 12 mot kién triic sau, dau vao cho mé hinh nay 1a hinh anh cé kich
thudc 227x227x3.
Lép tich chap va 16p gop t6i da
O day, ta nhan thay rang 16p tich chap dau tién v6i 96 bo loc co kich thude

11x11 véi 4 bude. Chirc nang kich hoat duoc sir dung trong 16p nay 1a ReLu. Ban do
tinh nang dau ra 1a 55x55x96.

Trong trudng hop ndy, cach tinh kich thudc dau ra cia mét 16p tich chap:
Output = ((Input-filter size)/ stride) + 1
Ngoai ra, sb luong bo loc s€ tro thanh kénh trong ban dd tinh nang dau ra.

O 16p gop tdi da dau tién, c6 kich thudc 3x3 va bude 2. Ban d6 tinh ning két
qua voi kich thude 27x27x96.

Sau d6, trong hinh ta ta s& nhan thay sir dung phép toan tich chap thir hai. Lan
nay kich thudc bd loc dugc giam Xuéng 5x5 vata co 256 b loc nhu vay. Chuc nang
kich hoat dugc st dung lai 1a relu. Bay gio kich thudce dau ra 1a 27x27x56.

Tiép theo, ap dung 16p gop tdi da c6 kich thudc 3x3 véi bude 2. Ban do tinh
nang thu vé ¢ hinh dang 13x13x256.
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Bay gio, ta a&p dung phép toan tich chap thir ba vai1 384 bd loc c6 kich thude
3x3. Chuc ning kich hoat duoc sir dung 13 relu. Bay gio kich thudc dau ra van khong
thay déi, tirc 1a 13x13x384.

Sau do, ta c6 16p tich chap cudi cung co kich thude 3x3 vai 256 bd loc nhur

véy. Ban do tinh nang két qua c6 hinh dang 13x13x256.

Vi vay, néu nhin vao kién trac cho dén by gio, s6 luong bd loc dang ting 1én
khi ta di sau hon. Do d6, hé théng sé trich xuat nhiéu tinh nang hon khi ta di sdu hon
vao kién trac. Ngoai ra, kich thudc bd loc dang giam, c6 nghia 1 bo loc ban dau 16n
hon va khi ta tiép tuc, kich thudc bd loc s& giam, dan dén hinh dang ban do déi tugng
giam. Tiép theo, ta ap dung 16p gop ti da thir ba co kich thude 3x3 va budc 2. Két
qua 13 ban do dic trung ctia hinh dang 6x6x256.

AlexNet 1 ¢6 khéi kich hoat str dung ham kich hoat ReLu cho phép giam thoi
gian dao tao 6 1an (so véi tanh) khi so sanh cting d6 chinh x4c. AlexNet 1 st dung
k¥ thuat “dropout” dé c6 thé bo qua cac khéi (units) trong qué trinh dao tao va
chdng lai van dé “overfitting”. AlexNet | dugc to chirc va sir dung 16p “overlap
polling” dé giam kich c& ctia mang va giam do 13i top-1 0.4% va top-5 13 0.3% (so
voi viée st dung pooling cé kich thudc 2x2 va sai budce 2).

Dé xem xét kha niang xir Iy ciia AlexNet 1, ta xem xét s6 lwong no-ron (Ni =
W*H*M) tai dau ra 16p thit i, trong s6 (Wi = KZ*C*M) tai 16p thtr i, va s6 luong két
nbi (Ui = W*H*K?) tai 16p thit i. Trong d6 W =H =55, C = 3, M (s6 dau ra) = 96,
K (kich thudc vécto mot chiéu ctia ma tran loc) = 11. Viée danh gia kich ¢& (mang)
cua 8 16p dugc md ta nhu sau:

Lop L1: gém 96 ma tran loc (kernels) va moi ma tran loc ¢ kich c&
11x11x%3.

* N1 =1552%x96 =290.400;

« P1=96x112x3 =34.848;

o Ul =552x112x3%x96 = 105.415.200.
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Lop L2: 256 kernels co kich c& 5x5x48. Lop gdp (Max pooling) 1a 55/2 =
27,5) Vay ta co:
* N2=272x256 = 186.624;

« P2 =2(52x48x128) =307.200;
« U2 =223948 800/2 =111.974.400.

Lop L3: 384 kernels co kich cd 3x3x256. Lop gop (Max pooling) 1a 27/2 =
13. Vay ta co:
« N3 =132x384 = 64.896;

e P3=32x256%x384 = 884.736;
o U3 =132x3 2x256x384 = 149.520.384.

Lop L4: 384 kernels co6 kich c& 3x3x192. Vay ta co:
* N4 =132x384 = 64.869;

* P4=2(32x1922) = 663.552;
o U4 =132x32x3842/2 =112.140.288.

Lop LS: 256 kernels ¢o6 kich cd 3x3x192. Vay ta co:
* N5=132x256 =43.264;

« P5=2(32x192x128) = 442.368;
« U5 =132x32x384x256/2 =74.760.192.

Lop L6: 4096 units. Lop gdp (Max pooling) 1a 13/2 = 6.
» N6 =4096;

« P6=U6=6%x6x256x4096 = 37.748.736

Lép L7:
- N7 = 4096 units.

« P7=U7=4096x4096 = 16.777.216

Lop L8:
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« N8 =1000 units.

P8 =U8=4096x1000 = 4.096.000

2.2.3 VGG-16

VGG-16 1a mot mé hinh mang no-ron tich chap duoc dé xuit bai K.Simonyan
va A. Zisserman nim 2014. M6 hinh nay dat do chinh x4c trong bai kiém tra top 5 1a
92,5% trong ImageNet, day 1a moét tap dir li€u cta hon 14 tri¢u hinh anh thugc 1000
16p. N6 cai tién so v6i AlexNet bang cach thay thé cac bo loc ¢o kich thude hat nhan
16n (11 va 5 trong 16p chap dau tién va thir hai, twong ing) bang nhicu bd loc kich

thudc hat nhan 3x3 lan luot nira.

Khac véi cac mang CNN duoc nghién cuu trude d6, VGG-16 dugce td chire
chit ch& va c6 sb 16p gia ting mot cach dot bién thong qua viée t6 chirc cic ma tran
loc nhé hon. Cu thé kién tric cia VGG-16 duoc mo ta trong hinh 2.2 va cac thong sb
dau cia VGG-16 duoc ching toi tinh toan va phan tich chi tiét trong 16 16p cu thé
nhu sau:

224 x224x3 224 x224x64

— 7X7x512
214 x 14 x 512

\ ¢ 1x1x4096 1x1x1000
-

=7 convolution+ReLU
max pooling
fully nected +RelLU
softmax

Hinh 2.17: Kién tric VGG-16 [15]
Lép 1 (Tich chap):
« S6bo loc: 64
* Kich thudc b0 loc: 3x3x64

* B0 nhd: 224x224%64
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«  S6 luong tham sd: (3x3x3)x64

Lép 2 (Tich chap):
o Daiu vao: 224x224x64

« SO bo loc: 64

* Kich thudc bo loc: 3x3%x64

* B0 nhd: 224x224x64

« SO luong tham sb: (3x3%x64)x64

Lép chuyén tiép sang 16p 3 (Lay mau):
* Kich thude = (2, 2)

* Sai budc =2
 bon=0
B0 nhd: 112x112x64

« Kich thudc dau ra coa dir lieu giam 1/2, tir (224x224x3) xudng

(112x112x3), va chiéu sau dugc gitt nguyén

Lép 3 (Tich chép):
e Dauvao: 112x112x3

« S6boloc: 128

* Kich thudc bo loc: 3x3x128

« Bonho: 112x112x128

« SO luong tham sé: (3x3%x64)x128

Lop 4 (Tich chap):
e Dauvao: 112x112x3

e SO boloc: 128

* Kich thudc bo loc: 3x3x128
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* BoOnho: 112x112x128 = 1,6M
«  S6 luong tham sd: (3x3x128)x128

L6p chuyén tiép sang 16p 5 (Liy mau):
» Kich thudc = (2, 2)

» Sai budc(Stride) =2
* bPon (Padding) =0
* B0 nhd: 56x56x128 = 400K

«  Kich thuéc dau ra cta dit liéu giam 1/2, tir (112x112x3) xudng (56x56%3),

va chiéu sau dugc gilt nguyén

Lop 5 (Tich chap):
«  Daiu vao: 56x56x%3

« SO bdloc: 256

* Kich thudc bo loc: 3x3%x256

« B0 nhd: 56x56x256 = 800K

« SO lwong tham sd: (3x3x128)x256

Lép 6 (Tich chap):
«  Dau vao: 56x56x3

« S6b6 loc: 256

» Kich thudc b loc: 3x3%x256

« B nhd: 56x56x256 = 800K

«  S6 luwong tham sd: (3x3x256)x256

L&p 7 (Tich chap):
«  Daiu vao: 56x56x%3

« SO b6 loc: 256
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* Kich thudc bo loc: 3x3%x256
« B0 nhd: 56x56x256
«  S6 luwong tham sd: (3x3x256)x256

Lé6p chuyén tiép sang 16p 8 (Lay mau):
* Kich thuée = (2, 2)

o Saibudc=2
* DPbon=0
e B0 nhd: 28x28%256

« Kich thudc dau ra cua dir lidu giam 1/2, tir (56x56%3) xudng (28x28x%3),

va chiéu sau dugc gilt nguyén

Lop 8 (Tich chép):
¢ Dau vao: 28x28x3

« S6bdloc: 512

* Kich thudc bo loc: 3x3x512

B0 nho: 28x28x512

«  S6 luong tham sd: (3x3x256)x512

L6p 9 (Tich chép):
«  Daiu vao: 28x28x%3

« S6boloc: 512

» Kich thudc b loc: 3x3x512

* B0 nhd: 28x28%x512

«  S6 luong tham sd: (3x3x512)x512

L6p 10 (Tich chap):
o Dau vao: 28x28x3
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« S6boloc: 512

* Kich thudc b loc: 3x3x512

* B0 nhd: 28x28%x512

«  S6 luong tham s: (3x3x512)x512

Lé6p chuyén tiép sang 16p 11 (Liy mau):
* Kich thuée = (2, 2)

* Saibudc =2
e bon=0
* B0 nhd: 14x14x512

« Kich thuéc dau ra cia dir lidu giam 1/2, tr (28x28%3) xudng

(14x14x3), va chiéu sau duoc giit nguyén

Lop 11 (Tich chap):
o Dau vao: 14x14x3

« SOboloc: 512

» Kich thudc b loc: 3x3x512

B0 nhd: 14x14%512 = 100K

« S0 luong tham sd: (3x3x512)x512

Lép 12 (Tich chép):
o Dau vao: 14x14x3

« S6boloc: 512

* Kich thudc bo loc: 3x3x512

* B0 nhd: 14x14x512 = 100K

« S lugng tham sd: (3x3x512)x512

Lop 13 (Tich chap):
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Pau vao: 14x14x3

« S6boloc: 512

» Kich thudc bo loc: 3x3x512

« BO nho: 14x14x512 = 100K

«  S6 luwong tham sd: (3x3x512)x512

L6p chuyén tiép sang 16p 14 (Liy mu):
» Kich thudc = (2, 2)

* Saibudc =2
e bon=0
* B0 nhd: 7x7x512 = 25K

« Kich thudc ddu ra cua dit liéu giam 1/2, tir (14x14x3) xudng (7x7x3),

va chiéu sau dugc gitt nguyén

L6p 14 (Két noi day du):
«  Daiu vao: 1x1x4.096

B0 nho: 4.096K
«  S6 luong tham sé: 7x7x512x4.096

Lép 15 (Két ndi day du):
«  Daiu vao: 1x1x4.096

« BO nhé: 4.096K
«  S6 lugng tham s6: 4.096x4.096

Lép 16 (Két ndi day du):
«  Dau vao: 1x1x4.096

* B0 nhd: 1.000K

Sé lwong tham sé: 4.096x1.000
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Theo nhu hinh 2.16, ta ¢ thé thiy dau vao cua l6p covl c6 kich thuéc ¢b dinh
224 x 224 RGB. Hinh anh dugc chuyén qua mét chong cac 16p tich chap, trong do
cac bo loc duoc sir dung véi cac trudng tiép can rat nho: 3 x 3 (1a kich thuée nho nhat

dé ndm bit khai niém trai/phai, 1én/xudng, trung tam).

Mot trong cac cAu hinh, n6 cling str dung bod loc tich chap 1 x 1, c6 thé dugc
xem nhu mét phép bién dbi tuyén tinh cta cac kénh dau vao (theo sau 1a khong tuyén
tinh). Sai tich chap duoc cd dinh thanh 1 pixel; phan dém khong gian dau vao 16p tich
chép sao cho d6 phan giai khong gian dugc gitt nguyén sau khi tich chap, phan dém
1a 1 pixel cho 16p tich chap 3 x 3. Tong hop theo khong gian duoc thyc hién t6i da 5
tang gop (pooling layer), theo sau mét sd ctia 16p tich chap (khong phai tat ca cac 16p
tich chap déu duoc gop toi da). Gop t6i da (max-pooling) dugc thuc hién trén cira sd

2 x 2 voi budce 2.

Ba, 16p két ndi day du (fully-connected) tuan theo mot chong cac 16p tich chap
(c6 @6 sau khac nhau trong cac kién trac khic nhau): hai 16p dau tién c6 4096 kénh

mdi 16p, 16p thit ba thyuc hién phan loai ILSVRC 1000 chiéu va do dé chira 1000 kénh.

L&p cudi cung 13 16p Soft-max, cAu hinh cta 16p duoc két ndi day du 1a gidng

nhau trong tat ca cac mang.

Tat ca cac 16p an duoc trang bi tinh phi tuyén tinh (ReLU). Cung can luu y
ré‘mg khong c6 mang nao chuin hoa phan hdi cuc bd (LRN), viéc chuan hoa nhu vay
khong cai tién hiéu suat trén tap dit liu ILSVRC, nhung dan dén tiéu thu bo nhé va

thot gian tinh toan tang lén.

2.3 Két luan chwong
Sau khi phan tich, 1am rd cac khai niém lién quan dén mang no-ron tich chap
va mo hinh hoc tich cuc, ching t61 tiép tuc dé cap dén 3 mang no-ron tich chap phé

bién. Mo1 mang no-ron ¢6 uu va nhugc diém riéng.

- Thr nhat 1 mang LeNet-5: Mang nay kha don gian, LeNet-5 c6 7 16p.
trong d6 ¢6 ba 16p chap (C1, C3 va C5) va hai 16p gop (S2 va S4), va 1 16p duoc két
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nbi dy du (F6), tiép theo 1a 16p dau ra. LeNet-5 sir dung ham sigmoid (tanh) & mdi
16p tich chap. Chinh vi thé, téc d6 tinh toan ctia LeNet-5 cham. Tuy vay, mot sb bai
todn st dung mo hinh LeNet-5 co thé dat dugc d6 chinh xac cuc cao t6i 99,05%
chang han nhu bai toan phat hién chir s (0-9).

- Thtr hai 1a mang AlexNet: AlexNet bao gdm 8 16p (5 16p tich chap va 3 16p
két ndi day du). AlexNet | c6 mot s6 dic diém ciia AlexNet cho phép giam thoi gian
d3o tao 6 1an (so voi tanh) khi so sanh cung d6 chinh xac. AlexNet c¢6 cau tric
turong tu nhu LeNet, nhung vi str dung nhiéu ting tich chap hon, do viy AlexNet co
kha ning xt Iy bo dit liéu véi tham s truyén vao 16n hon LeNet. Tuy nhién, chinh
vi sir dung nhiéu tang tich chap nén s lwong tham sé can xtr li 1a rat 16n. Chinh vi
thé can phai dua vao mot s ki thuat khic phuc nhitng 16i ndy nhu “Dropout” va
tién xu 1y.

- Thtr ba 1a mang VGG-16: VGG-16 ¢6 cira so tich chap nho (3x3). Chinh vi
st dung ctra so tich chap nho nén rd rang VGG-16 cho hiéu qua cao hon mang c6

ctra s6 tich chap rong nhung it 16p.
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CHUONG 3: MO HINH NHAN BIET CHU KY VIET TAY

3.1 Mé phéng chwong trinh nhan biét chir ky viét tay
3.1.1 Gidi thi¢u chung

Chuong trinh nhan dang chir ky viét tay dua trén phuong thie hoc c6 giam sat
( Supervised Learning ) theo dang phén loai ( Classification ). Theo d6 dir liéu dau
vao s€ la cac hinh anh chit ky that va gia mao cua nguoi dung da duge gan nhan cho
tap training. Sau qué trinh training s€ dugc model st dung cho viéc nhan dang chit

ky sO viét tay véi do chinh xac 6n dinh.

3.1.2 Cong cu s dung

- Cong cu: Jupyter Notebook. Trudc day 1a nd c6 tén Ipython Notebook, dén
nam 2014 d6i lai thanh Jupyter Notebook. Jupyter hd tro rat nhiéu cac kernel
cho cac ngdén ngtr khac nhau, khoang trén 40 ngdén ngtt trong d6 c6 Python.
Viéc doi tén tir IPython sang Jupyter cling 1a vi muc dich hd trg da ngon ngir.
Phan co ban cta nd 1a mot tng dung chay trén nén web cho phép chay
Interactive Python (hay IPython), ban ¢ thé dwa ca code Python va cac thanh
phan vin ban phitc tap nhu hinh anh, cong thtc, video, biéu thtc... vao trong
cung mot file giup cho viéc trinh bay tré 1én dé hiéu, gidng nhu mot file trinh
chiéu nhung lai c6 thé thuc hién chay code twong tac trén do, cot 16i cta viéc
nay chinh 13 Markdown. Cac file "notebook" ndy cé thé duoc chia sé v6i moi
nguoi va cé thé thyuc hién lai cac cong doan mot cach nhanh chong va chinh
xac nhu nhiing gi ban da 1am trong qua trinh tao ra file.

- Cai dat cong cu Jupyter Notebook: Cai dat Python => Cai dat Jupyter
Notebook bang 1énh: pip install jupyter.

- Tap dit liéu: tap chit ky clia nguoi viét thu thap duoc 160 miu tuong Gng véi
160 nguoi. Ty 1& trong 1 mau 14 24 chit ky that va 30 chit ky gia.

- Tinh du va do tin cay cua tap dir li¢u thir nghi€ém: Phuong an cua em la tién xir

1y dir li¢u thu thap ctua 160 chir ky ciia nguoi Viét. Do khong da thoi gian nén



38

em méi thu thip dugc dit liéu cua 160 ngudi, hudéng twong lai vé sau em s&
suru tap thém dit lidu nhiéu hon dé cai thién d6 chinh xéc.

3.2 Méi trueong mo phong thue nghiém
MGoi truong:

- Chuong trinh duoc thyc nghiém trén Windows 10, may tinh laptop core i7 tdc
do 3.4GHz, bd nhd RAM 8GB. Sir dung bo thu vién sklearn, tensoflow, keras,
cv2 phién ban 2.7 va céac thu vién ho tro khac nhu: os, time, numpy, matplotlib.
Day déu la cac thu vién ma ngudn md, sir dung on dinh trén Python 3.8.

M6 phong thuc nghiém:

- Mo ta: Pua tap dir lidu chit ky vao moé hinh mang CNN dé lay ra mot cip chir
ky va dya vao ngudng trén khoang cach dé xac dinh hinh anh sau 13 chir ky
that hay chir ky gia so voi anh gdc.

Thue nghiém va két qua mé phéng:

4 Budrc 1: Import cac thu vién can thiét

t matplotlib.pyplot as plt

t cv2

t time

t itertools
“t random

sklearn.utils import shuffle

»rt Adam, RMSprop
»Padding2D, Activation, Input, concatenate, Dropout

Normalization

Lambda, Flatten, Dense
+ glorot_uniform

Hinh 3.1: Qua trinh import thu vién

- B0 thu vién sklearn, tensorflow, keras, cv2 déu la cac thu vién ma nguon mé
va st dung 6n dinh trén Python v6i cac phién ban. Thu vién keras cung cap cac ham
deé tao nén mo6 hinh mang CNN.

- Thu vién tensorflow, keras, sklearn déu 1a phién ban 2.7.
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4+ Buwdc 2: Dua cac hinh anh tir tip dit liéu thu thip vao thanh 2 nhom:
forg_groups (chit ky gia) va orig_groups (chit ky that). Pong thoi xir Iy anh
trude khi dua vao model dé tranning.

#path = "./BHSig268/Hindi/"
path = "./BHSig266/Vietnam/"

# Ldy ra danh sdch cdc thuw muc va sdp xép
dir_list = next(os.walk(path))[1]
dir_list.sort()

# MO1 ngudi tdch bidt chir ky that va chir ky gia
# Chir ky that dc Luu vao danh sach "orig groups™
# Chir ky gig dc Lwu vao danh sdch "forged groups"
orig groups, forg_groups = [], []
for directory in dir_list:
images = os.listdir(path+directory)
images.sort()
images = [path+directory+'/'+x for x in images]
forg_groups.append(images[:30]) # First 38 signatures in each folder are forrged
orig groups.append(images[3@:]) # Next 24 signatures are genuine

Hinh 3.2 Chia dir liéu diu vao thanh hai nhém that va gia

# ALL the images will be converted to the same size before processing
img_h, img_w = 155, 2208

# ham cé chirc ndng cheon ngdu nhién mét chir ky tir tdp train va thiét Lap ra 2 ban sao that va gia
def visualize sample signature():
fig, (ax1, ax2, ax3) = plt.subplots(1l, 3, figsize = (10, 18))
k = np.random.randint(len(orig_train))
orig_img_names = random.sample(orig train[k], 2)
forg_img_name = random.sample(forg train[k], 1)
orig_imgl = cv2.imread(orig_img names[8], @)
orig_img2 = cv2.imread(orig_img_names[1], @)
forg_img = plt.imread(forg_img_name[@], 8)
orig_imgl = cv2.resize(orig imgl, (img_w, img_h))
orig_img2 = cv2.resize(orig img2, (img_w, img_h))
forg_img = cv2.resize(forg_img, (img_w, img_h))

ax1l.imshow(orig_imgl, cmap = 'gray')
ax2.imshow(orig _img2, cmap = 'gray')
ax3.imshow(forg _img, cmap = 'gray')

axl.set_title('Genuine Copy')
axl.axis('off")
ax2.set_title('Genuine Copy')
ax2.axis('off")
ax3.set_title('Forged Copy')
ax3.axis('off")

Hinh 3.3: Ham lay ra hai chir that va mdt chir ky gia tir by dir liéu da dworc chia
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4+ Budc 3: Tao dit liéu theo kich thudc batch_size va tao ra cac cdp chir ky that
- chit ky that va chit ky that- chir ky gid. V&i moi mot b ¢6 24 chir ky that thi
chon ra 2 chit ky thi c6 276 cip chit ky that - chir ky that. Déi voi cip chit ky
that - chir ky gia thi 1y cdp chir ky that cua 1 ngudi véi 12 chir ky gia coa
nguoi do nén ¢6 300 bo.

In [14]: |# hém tgo dir Liéu theo kich thudc batch_size va mdt nifa dir Liu L& thét va mét nia dif Lifu con Lei L& gid
def generate_batch(orig_groups, forg_groups, batch_size = 32):
while True:
orig pairs = []
forg_pairs = []
gen_gen_labels
gen_for_labels
all_pairs = []
all_labels = []

on.

gnature of a person
e person.
for one person.

we moke 24 * 12
In all we have 128 person's a
f Genuine-Genuine pair

ine-Fo

in,
76
388 = 36808

T T T

Total no. of

for orig, forg in zip({orig_groups, forg_groups):
orig pairs.extend(list{itertools.combinations(orig, 2)))
for i in range(len(forg)):
forg_pairs.extend(list(itertools.product{orig[i:i+1], random.sample{forg, 12))))

Label for Gen
Label for Gen
gen_gen_labels
gen_for_labels

ine-Genuine pat
e-Forged pairs is 61
[1]¥len{orig_pairs)
[@]*1en{forg_pairs)

# Concatenate all the poirs together along with their Labels and shuffle them
all_pairs = orig_pairs + forg_pairs

all_labels = gen_gen_labels + gen_for_labels

del orig pairs, forg_pairs, gen_gen_labels, gen_for_labels

all_pairs, all_labels = shuffle(all pairs, all_labels)

s above contai the image
ore Loaded and yielded below
e prepare a batch of dato points and y
batch we Load "batch_size" number of

nd

Note the Ui
im

e batch
age pairs
set so that

These images are then

_;1
o
3
o+
By
i
o
]

T

they are not odded again in thé next batch.
k=28

pairs=[np.zeros((batch_size, img_h, img w, 1)) for i in range(2)}]
targets=np.zeros({batch_size,))

for ix, pair in enumerate(all_pairs):

imgl = cv2.imread(pair[@], @)

img2 = cwv2.imread(pair[l], @)

imgl = cvZ.resize(imgl, (img_w, img_h})
img2 = cv2.resize(img2, (img_w, img_h})
imgl = np.array{imgl, dtype = np.floatf4)
img2 = np.array{img?, dtype = np.floatf4)
imgl /= 255

img2 /= 255

imgl = imgl[..., np.newaxis]

img2 = img2[..., np.newaxis]
nairel@IMe + + 1 = imol

Hinh 3.4: Ham tao cac cap dir liéu theo kich thuéc batch_size
#* Bwdc 4: MO hinh CNN
- Sequential(): khéi tao model.
- Lop Convolution2D véi 96 bd loc, kich thudc b loc 11x11, activation="relu’
loc ra cac gia tri nhé hon 0. Tbc do hoi tu va tinh toan nhanh hon cac ham

khéc.
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- Lép MaxPooling d€ 1ay ra mau con sau 16p tich chap voi stride = (2,2).

- Lép BatchNormalization chuan hoa cac feature (dau ra cua moi layer sau khi
di qua cac activation) vé trang thai zero-mean véi do 1éch chuan 1.

- Lo6p ZeroPadding2D dung dé padding trén hinh anh.

- Lép Dropout dung dé€ bé qua 1 vai unit trong qua trinh trainning va muc dich
chinh la dé chong over-fitting.

- L&p Flatten 1a 16p reshape trong do tat ca cac axes dugc lam phang hoac dugc
ghép lai vo1 nhau.

- L&p Dense thé hién vi¢c tat ca cac unit cua layer trudc duge ndi toan bg voi
cac unit cda hién tai

# M3 hinh CNN
def create base network_signet(input shape)

seq = Sequential()

seq.add(Conv2D(96, kernel size=(11, 11}, activation='relu’, name='convl 1', strides=4, input shape= input shape, kernel initi

seq.add(Batchllormalization(epsilon=1e-86, axis=1, momentum=8.9))

seq.add(MaxPooling2D((3,3), strides=(2, 2)))

seq.add(ZeroPadding2D((2, 2), data_format="channels_last"))

seq.add(Conv2D(128, kernel size=(5, 5), activation="relu’, name="conv2_1', strides=1, kernel_initializer="glorot_uniform"))

seq.add(Batchlormalization(epsilon=1e-86, axis=1, momentum=8.9))

seq.add(MaxPooling2D((3,3), strides=(2, 2)))

seq.add(Dropout(8.3))# added extra

seq.add(ZeroPadding2D((1, 1), data_format="channels last"))

seq.add(Conv2D(256, kernel size=(3, 3), activation="relu', name="conv3 1', strides=1, kernel initializer="glorot uniform"))
seq.add(ZeroPadding2D((1, 1), data_format="channels_last"))

seq.add(Conv2D(128, kernel size=(3, 3), activation="relu', name="conv3 2', strides=1, kernel_initializer='glorot_uniform"))
seq.add(MaxPooling2D((3,3), strides=(2, 2)))

seq.add(Dropout(8.3))# added extra

seq.add(Flatten(name="flatten"))

seq.add(Dense(512, activation="relu’, kernel initializer='glorot uniform'))

seq.add(Dropout(8.5))

seq.add(Dense(1))

return seq
Hinh 3.5: M6 hinh CNN
4+ Budc 5: Tranning model

Chon Epoch = 10 14 s6 1an chay dé dwa d6 chinh x4c cao nhat.
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#trainning dir Liéu

# compile model using RMSProp Optimizer and Contrastive Lloss function defined above

rms = RMSprop(lr=le-4, rho=6.92, epsilon=1e-88)

#model . compile(loss=contrastive_loss, optimizer=rms)

model.compile(optimizer=rms, loss="categorical_crossentropy’, metrics=["accuracy’])
#model . compile(optimizer="adam’, Lloss="categorical_crossentropy’, metrics=['accuracy'])

c:\users\hoangnam\appdata\local\programs\python\python38ilib\site-packages\keras\optimizer_v2\rmsprop.py:13@: UserWarning:

“1r" argument is deprecated, use "learning_rate” instead.
super(RMSprop, self)._ init_ (name, **kwargs)

results = model.fit(generate_batch(orig_train, forg_train, batch_sz),
steps_per_epoch = num_train_samples//batch_sz,
epochs = 18,
validation_data = generate_batch(orig_val, forg_val, batch_sz),
validation_steps = num_val_samples//batch_sz

)
Hinh 3.6: Tranning model
+ Budc 6: Xay dung ham test dya vao ngudng trén khoang cach
Duya vao ngudng trén khoang cach, hinh anh 1y dugc so sanh v6i hinh anh
gbc. Néu ngudng xac dinh duoc 16n hon ngudng sau khi tranning model thi d6 1a chir
ky gia va nguoc lai 1a chit ky that.

# tinh todn 48 chinh xdc va ngudng trén khodng cdch
def compute_accuracy roc{predictions, labels):

dmax = np.max{predictions)
dmin = np.min{predictions)
nsame = np.sumlabels == 1)
ndiff = np.sum(labels == &)
step = .81

max_acc = @

best_thresh = -1

for d in np.arange(dmin, dmax+step, step):
idx1l = predictions.ravel() <= d
idx2 = predictions.ravel() > d
tpr float(np.sum(labels[idx1]
tnr float(np.sum(labels[idx2]
acc 8.5 * (tpr + tnr)
# print ("ROC", acc, tpr, tnr)

if (acc > max_acc):
max_acc, best_thresh = acc, d

return max_acc, best_thresh

test_gen = generate_batch(orig_test, forg_test, 1)
pred, tr_y = [1. [1
for 4 in range{num_test_samples):
(imgl, dimg2)., label = next{test_gen)
tr_wv.append(label)
pred.append({model .predict([img1l, img2])[e]l[=e]1)

# dwa ra d6 chinh xdc vaé ngudng xdc dinh thdt gid dwa vao model sau khi trainnin
tr_acc, threshold = compute_accuracy roc{np.array({pred), np.array(tr_y))

tr_acc, threshold

#NEu Lén hon threshold thi Lla chir Ry gid

Hinh 3.7: Tinh toan ngwdong va d¢ chinh xac sau khi train model
Két qua: do chinh xéac 1én dén 100% va ngudng 1a 0.0 do tap dit liéu thu thap
dugc ¢ phan chir ky that 1a 24 hinh anh gidng nhau
4 Budc 7: Xay dung ham kiém tra chir ky that gia dwa vao ngudng sau khi

train model & budc 6

The
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# ham demo kiém tra chir ky thdt gid

def predict_score():
test_point, test label = next(test_gen)
imgl, img2 = test _point[@], test_point[1]

fig, (ax1, ax2) = plt.subplots(1l, 2, figsize = (18, 18))
axl.imshow(np.squeeze(imgl), cmap="gray’)
ax2.imshow(np.squeeze(img2), cmap="gray’)
axl.set_title( ' Genuine’)}
if test_label == 1:
ax2.set_title( 'Test')
#ax2.set _title( Forged')
else:
ax2.set_title('Test')
#ax2.set _title( 'Genuine')
axl.axis('off")
ax2.axis( 'off")
plt.show(}
result = model.predict([imgl, img2])
diff = result[e][e]
print("Difference Score = ", diff)
if diff > threshold:
print(“Its a Forged Signature™)
#print("Its a Genuine Signature”)
else:
print(“Its a Genuine Signature")
#print(“"Its a Forged Signature”)

Hinh 3.8: Ham Kiém tra chir ky that gia
Két qua mo phong:
- Chit ky that

In [108]: predict_score()

Genuine Test
ﬁ‘ry/ &V”
Difference Score = 9.9

Tts a Genuine Signature

Hinh 3.9: Két qua chir ky that lan 1
In [29]: predict_score()

Genuine Test

Difference Score = 0.0
Its a Genuine Signature

Hinh 3.10: Két qua chir ky that 1an 2
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predict_scorea()

Genuine Test
Difference Score = 2.8

Its a Genuine Signature
Hinh 3.11: Két qua chit ky thét lan 3

predict_score()

Genuine Test
Difference Score = @.8

Its a Genuine Signature
Hinh 3.12: Két qua chix ky that lan 4
Nhan xét: do dau vao chit ky that 12 24 hinh anh gidng nhau 1én ngudng trén
khoang cach ludn 14 0.0. Ngudng trén khoang cach luon >= 0.0.
- Chitky gia

In [1€9]: predict_score()

Genuine Test
Difference Score = 0.026397958
Its a Forged Signature

Hinh 3.14: Két qua chir ky gia 1an 1
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In [33]: predict_score()

Genuine Test

Hinh 3.15 Két qua chir ky gia 1an 2

Difference Score = 0.122127175
Its a Forged Signature

predict_score()

Genuine Test

Difference Score = 2.8522244990
Its a Forged Signature

Hinh 3.16: Két qua chir ky gia lan 3

predict_score()

Genuine Test

T Ay

Hinh 3.17: Két qua chir ky gia lin 4

Difference Score = @.11899835
Its a Forged Signature

Nhan xét: Ngudng trén khoang cach thay doi 1 cach 16 rét d6i véi nhiing chir
ky gan giong hodc khac han so véi chit ky that ban dau.
Két luin:

Tt nhiing két qua o trén, ta théy réng mo hinh CNN dat duoc do chinh xac cao
trong viéc nhan dang chit ky so v&i cac moé hinh khac.

M5 hinh CNN dugc hudn luyén voi tdc d6 hoc Ir = le-4, st dung cac ham kich
hoat relu & cac 10p tich chap va diéu chinh dugc cac tham sé trong céc 16p mang dé

co duoc dd chinh xac cao nhat.
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Dé danh gia d6 chinh x4ac, em x4y dung traning model dé tao ra ham test dua
vao ngudng trén khoang cach. Dua vao ngudng trén khoang cach, hinh anh 1ay duoc
so sanh véi hinh anh gbc. Néu ngudng xac dinh duoc 16n hon ngudng sau khi tranning
model thi d6 14 chir ky gia va nguoc lai 14 chit ky that. Do chinh xac nam trong khoang
0.0 &én 0.01 (d6 chinh x4c giam dan tir 0.0 ->0.01) thi duoc xem 1a chit ky that nguoc
lai thi n6 1a chir ky gia.

3.3 Két luén chwong

Qua day c6 thé thfiy dugc viéc training model phuc vu cho viéc nhan dang chix
ky s6. Co thé sir dung model nay cho nhitng muc dich 16n hon sau nay. Do chinh xéac
ctia du doan chi mang tinh chit tuong ddi chua thé dat dugce d6 chinh xéac 1y tudong
(100%).

Qua dé tai nghién ctru noi dung chinh 13 giai quyét bai toan nhan dang & day
1a chir ky viét tay. Vi mang no-ron nhén tao chiing ta c6 thé thiy dugc mac do nhan
biét cling nhu d6 nhay trong dy doan. Str dung moé hinh CNN dé training model giup
cai thi¢én do chinh xac hon, cai thién dd tin cay hon so vdi cdc mo hinh machine

learning trudc day.

Phwong phap Do chinh xac
Nearest-neighbor 75%
LIBSVM 7%
1-layer Neural nets 79%
CNN 80%

Tir bang so sanh [16] trén ta nhan thdy mo hinh CNN dua ra két qua véi do

chinh xac cao nhat.
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KET LUAN VA HUONG PHAT TRIEN

Qua luan van nay, Chung t61 khong nhiing phan tich moé hinh, thuat toan, va
dir liéu ma con khao sat, danh gia cac 16p, khéi ham, va cac ky thuit trong mang no-
ron tich chap hién dai. Viéc nay dap tmg duoc cho su thay doi kién trac, thuét todn
c6 thé giai quyét cac bai toan don gian, phu hop vdi cac Gmg dung phan loai chir ky
viét nam viét tay trong thuc té.

No61 dung cua luan van thyc hién bao gém viéc cai dat thuat toan, danh gia mo
hinh va phan tich céc tap dit liéu huan luyén va thir nghiém. Thong qua mét s kich
ban mé phong va danh gia hiéu ning thuc thi ctia hé thdng, cac goi mo cho viée tbi
uu mot hé théng thuc dya trén tdp ma nguff)n mé di sin sang trién khai cho mét hé
théng phan loai cac chir ky tiéng anh hodc tiéng viét trong thyc té trén mot nén tang
hoc sau.

Chung t6i d4 thtr nghiém v6i mot s6 su thay doi vé cac nhiém vu xac minh chir
ky. Chung t6i da chi ra ring cac céng trinh mang no-ron phtec tap lam viéc tét trong
viéc xac minh chit ky trong qué trinh dao tao cac vi du vé chir ky that va gia mao cia
cing mot ngudi cd chit ky duoc nhin thiy tai thoi diém thir nghiém. Sau d6, chung
t61 d4 tién hanh mot s6 thi nghiém cta minh trén chit k¥ ctia nhirng ngudi méi ¢6 chir
ky khong duoc nhin thiy trong qua trinh ddo tao ciing cho ra két qua nhan dang chi
ky cao. Thém vao d6, dé xuat phwong phap hoc tich cuc dé hé théng phan loai nhan
biét chit ky that gia tt, phu hop vé6i thuc té nhu cAu hon. Nhimg dir liéu vé chir ky
viét tay & Viét Nam con nho khong dua 16n, can thoi gian bo sung, cling nhu nhu cu
cong nghé hién dai trong chit ky s6 cho cac doanh nghiép, ca nhan thi tiép can kiéu
ban gidm sat hoc tich cyc nay 1a hoan toan phu hop va ding véi xu hudng cong nghé
4.0, va cling giai quyét cho bai toan nhan dang chit ky viét tay dua theo d6 c6 thé giai
quyét duoc van dé xac thuc s6, khac so voi sinh tric hoc va face ID,... Chit ky viét
tay gan giii v6i doi séng, 1a phuong tién xac thuc ¢ ¥ nghia cao trén tat ca cac van

ban hién hanh.
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Trong ludn vin nay, cac két qua ciing dwa ra duoc do nhan dién chir ky viét
tay bang CNN c6 d6 chinh xac cao.

Dé xdy dung nhan dang chit ky sb viét tay bang CNN thi em d3 nghién ctru
cac thuat toan nhan dang trude do, va tir d6 xay dung dua ra thuat toan cai tién dé
nang cao dd chinh xac cao cho nhan dang chir ky.

Céc bai bao trude d6 tap trung nhan dang chir ky nuée ngoai. Trong dé tai ny
em tap trung nhan dang chir ky ngudi Viét tiéng viét. Va tap dir liéu chit ky viét nam
rat it nén phai tim suu tam céc chit ky lai dé dua vao bo thu vién

Hudng nghién ctru trong tuong lai cua ching t61 1a hoan thién mo hinh 1y
thuyét nghién ciru, hiéu chinh céc thuét toan, cac 16p, ham, hé s6 loc bo phi hop dé
g dung c6 d6 chinh x4c cao hon khi khao sat hinh anh céc chir ky viét tay thuc té
& Viét Nam. Nang cao hiéu qua chuong trinh, nhan dién nhiéu ky ty cing luc. Phat
trién chuong trinh thanh module phan cting. Thém vao dé, chung toi s& xem xét phat
trién tap dir liéu phu hop véi kha ning trién khai cho cac ing dung nhén dién chit ky
viét tay cho nhu cau, xu hudng hién dai hoa, cong nghé 4.0 & Viét Nam.

Mat khéac, Chung t61 dé xuét hudng cu thé cho cong viéc trong tuong lai la
viéc tiép can nhiéu tai nguyén hon s& cho phép chiing toi dat duge thu tuc tot hon
trong nhiém vu chinh ctia minh. Cu thé, c6 thé dio tao trén mot bo dir lidu 16n hon
v6i nhiéu vi du chir ky hon cho mdi hé théng co thé dat dugc sy thich nghi cao hon,
cling nhu dao tao mdt mang ludi 16n hon, diéu ma chung t6i khong thé lam do han
ché vé thoi gian va tai nguyén tinh toan.

Chung t6i ciing bi han ché & day boi thuc té 1a bo dir liéu ctia chiing t6i turong
d6i nho, rat kho dé tim thiy cac bo dit liéu chit ky c6 san tét. Do han ché vé thoi gian
va nang lyc tinh toan ctia may tinh, luan vin khong thé khao sat hét cac mo hinh
CNN. Van d& nghién ctru trong luan vin 1a kha méi nén khi trinh bay, dich thuat tai
lidu chic chin khong tranh khoi nhing thiéu sot va han ché can phai khic phuc. Rat

mong nhan dugc sy gop y cua doc gia.
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