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MO DAU

Trong linh vyc sinh tric hoc hanh vi, viéc xac minh chir k¥ 14 quy trinh tham
chiéu dé xac thuc mot ngudi. Chir ky duge coi 1a “con dau phé duyét” dé xac minh
su chap thuin cua ngudi ding va van 1a phuong tién xac thuc duoc wa chudng nhat.
Chir ky viét tay von ap dit trach nhiém phap 1y vé tai chinh va dao duc, 1a mot ky
thuat xac thuc van dugc sir dung rong rii ngay nay, dic biét trong cac van ban phap
1y, giao dich ngan hang va thuong mai. Do d6, chit ky viét tay thudng bi cac ké xau
loi dung va str dung dé lira dao.

Chir ky viét tay chi bao gom hinh dang cua chit ky. Piéu nay khién chung tré
thanh mot van dé day thach thirc dbi véi cac nha khoa hoc.

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 xay dung hé théng.

Chuong 2: Co sd 1y 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 phap nhan dang chir ky viét tay truyén thong

Chit ky viét tay 1a mot biéu twong viét tay ciia con ngudi. Chir 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 chir
ky, nham ngan chan viéc cac bén thiéu trach nhiém loi dung chir ky.

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

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

Data
Collection
All
collected
data
Data Generated dataset Algorithm
Annotation Construction

Model

Evaluation

Hinh 1.1: Tong quan vé Quy trinh Nghién ctru
Quy trinh nghién ctru ctia chiing t6i gdm bdn thanh phan chinh, cac thanh phan

duogc giai thich chi tiét trong phan nay:



Thu thap dir li€u:

La tap hop cac quy trinh phan tich thu thap dir liéu ctia nguoi dung.
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Hinh 1.2: Hinh dnh chir ky trong qua trinh thu thap
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 gia mao.

XAy dung m6 hinh:
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Hinh 1.3: Tong quan vé xiy dung thuit toan xac minh chir ky



Day 1a giai doan quan trong, sau khi tap dit liéu thong qua qua trinh tién xu 1y,
dir liéu duogc sir dung truc tiép 1am dau vao cho CNN s& duge xir 1y dé trich xuat cac
tinh ndng. Sau do, cac dac diém da duoc trich xuét c6 thé duoc gui dén bd phan loai
va qua trinh xac minh s€ tao ra mo hinh dugc s dung dé xac 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 mé hinh. Tai
giai doan nay, moi md hinh s& duoc danh gia, sau do6 sé tinh do chinh xéac va ty 1¢ 10i
v6i mot sb cau hinh. Dé biét chi tiét vé su sap xép va két qua cta cac cudc danh gia.
1.2 Machine Learning trong nhin dang chir ky viét tay

1.2.1 Gidi thiéu 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 img ma khéng can tudn theo cac chi din rd rang, bang
cac sir dung céc thuat toan va mo hinh thong ké dé phan tich va rit ra suy luan tir cac
mau trong dit liéu dau vao.

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

1.2.2 Input va Ouput

Machine Learning sir dung trong nhan dang chit ky viét tay trudc day chu yéu
str dung cdy quyét dinh ( Dessection Tree) hoidc cao hon 14 sir dung random forest dé
nhan 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 13 cac nhin
001, 002, 003?
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Hinh 1.4: Kién tric ciia 1 md hinh nhan dang chir ky [1]

1.2.3 Random forest trong nhin dang chii ky viét tay
Thuét toan random forest trong nhan dang chit ky viét tay s& hoat dong theo
5 budc:
e Budc 1: Tién xir Iy tinh anh
e Budc 2: Chon cac miu chit ky ngdu nhién tir tap dit liéu huin luyén
e Budc 3: Xay dung cay quyét dinh cho mau chir ky
e Budc 4: Cac cdy quyét dinh dua ra cac du doan
e Budc 5: Chon két qua 1a chit ky dugc dy doan nhiéu nhét 1a dy doan

cuoi cung
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Hinh 1.5: M6 ta thuét thoan random forest

Test Set



Training Set: La tip cac hinh 4nh nim trong cac thu muc c¢6 gin nhin hoic

cac hinh anh c6 nhan.
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Hinh 1.6: Miu training set trong random forest

Training Sample: La cic tap duoc lya chon ngiu nhién tir tap training set tir
d6 tao thanh cac cay quyét dinh chudn bi cho qué trinh voting.
Test: Pua dir liéu 1 hinh anh chit ky vao mo hinh. Két thiic qua trinh voting

s€ 1a két qua cua dy doan
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~ =
E Tree 1 J [ Tree 2 J [ Tree 3 j <',:| }/
pral
Tree 1: Duong
Tree 2: Quyen

Tree 3: Quygn

Output

Hinh 1.7: Ap dung random forest vao nhan dang chir ky

Uu diém:
- Thuét toan mang tinh chat mé phong d& hinh dung, khong phtc tap nhiéu vé
thuat toan.
- Thuét toan duoc hd tro trén nhiéu thuét toan, trén nhiéu linh vuc khac nhau.
Nhwoc diém:

- D0 chinh xac khong cao.



1.3 Deep Learning (DL) trong nhan dang chir ky viét tay
1.3.1 Gidi thigu vé deep learning
Hién nay, Al [7] dang phat trién manh mé, dé dat duoc budc tién nhu hién tai
thi deep learning nhu 13 mét chia khoa thuc day Al ngay cang tién xa hon va sir dung

rong rai v&i do1 song con nguoi hon.

MACHINE LEARNING
hms with the ability to learn

without being explicitly programmed

Hinh 1.8: Méi lién hé Al, ML, DL

1.3.2 Deep learning trong xdy dung hé thong nhén dang chii ky viét tay

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

bé giai quyét van dé trén duoc triét dé dua ra cac du doan c6 do chinh xéc cao,
¢ do tin cdy va an toan hon. Trong viéc xdy dung nay, dé xuat thuc hién bang deep
learning, st dung CNN hinh thanh nén cadc mang no-ron nhan tao, tién hanh phan tich

du doan.

Output

Is real signature?
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®

Hinh 2.9: Deep learning trong nhan dang chir ky viét tay




1.4 Két luan chwong

Hiéu biét dugc nhirng khai niém téng quan vé tri tué nhan tao. Théy duge tim
quan trong va y nghia cta tri tué nhan tao. Tir d0, 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.



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 Gidi thiéu vé mang no-ron

Mang no-ron nhan tao (ANN) bao gom mét 16p nut, chira mét 16p dau vao,
mdt hodc nhiéu 16p an va mot 16p dau ra. Mdi nit, hodc no-ron nhan tao, két ndi véi
mot nit khac va co trong s va ngudng lién quan. Néu dau ra cua bat ky nat riéng 1é
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 cé dit liéu nao dugc chuyén dén 16p tiép
theo cua mang.

Cau tric no-ron nhan tao:

LSl '( :) .
Harm truyén

" @
. . — | () ¥k
. . Piura
. Ham téng

A —A ::i ) by

Piu vao Trong 8 lién kbt Ngudng

Hinh 2.1: Cau tao mét no-ron

Céc thanh phan co ban ctia mot no-ron nhén 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: dugc két ndi bai trong sé lién két — synaptic weight.
Céc trong s6 két ndi giita tin hiéu vao tht j voi no-ron k thuong duoc ki
hiéu la wgj. Thong thuong, cac trong s6 lién két nay duoc khéi tao mot cach
ngﬁu nhién & thoi diém khoi tao mang va dugc cap nhat lién tuc.

e Thanh phan tong (Summing function): duoc ding dé tinh tong cia tich cac

dau vao vdi trong so lién két cua no.
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e Thanh phin ngudng (con goi 1a mot do 1éch - bias): thanh phan nay thuong
dugc dua vao nhu mot thanh phan ciia ham truyén.

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

e Dau ra: La tin hiéu dau ra ctia mdt no-ron, v6i mdi no-ron sé& co tdi da la
mdt dau ra.

2.1.1.2 Mgt sé6 ham truyén théng dung
Phan 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 cia
ham nay la mét gia tri goi 1a mire 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
khéc. Céc ham kich hoat thuong bi ép vao mdt khoang gié tri xac dinh, do d6 thuong
dugc goi la cac ham bep (squashing). Cac ham kich hoat hay dugc st dung la:

Ham dong nhit (Linear function, Identity function )

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

hﬁng s6 duoc nhan véi net-input dé tao ra mot ham déng nhéat.

g(x)
1

Hinh 2.2: Ham déng nhit (Identify function)
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Ham bwdc nhi phdn (Binary step function, Hard limit function)
Ham nay ciing duoc biét dén véi tén "Ham ngudng" (Threshold function hay

Heaviside function). Pau ra cia ham nay dugc gidi han vao mot trong hai gia tri:

1, x>0
s@={y =0

)

Ham nay duogc sir dung mét 16p. Trong hinh v& sau, 6 dugc chon bang 1.

g(x)
1

Hinh 2.3: Ham bwéc nhi phan

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

9(x) =
Ham nay rat thuén loi khi sir dung vi dugc huin luyén béi thuat toan Lan truyén
nguoc, nd dé 1dy dao ham. Ham nay duoc Gmg dung cho cac chuong trinh tng dung

ma cac dau ra mong muon roi vao khoang [0,1].

1.0

0.8}

0.6 |

0.4}

f(x) - Activation Function

0.2}

0.0
-6

Hinh 2.4: Ham Sigmoid
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Ham sigmoid lwong cwc (Bipolar sigmoid function (tansig)).

9 = —=

Ham nay c6 cac thudc tinh tuong ty ham sigmoid. N6 lam viéc tot do1 vdi cac

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

4 6X

Hinh 2.5: Ham sigmoid luwdng cuc

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

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

Mang no-ron truyén thang 1 mot mang noron nhén tao trong d6 cac két ndi
giita cac nut khong tao thanh mot chu trinh. Péi 1ap véi mang no-ron truyén thang 1a
mang no-ron tudn hoan, trong d6 cac dudng dan nhit dinh duoc tuin hoan. M6 hinh
truyén thiang 12 dang mang no-ron don gian nhét vi thong tin chi duoc xur 1y theo mot
huéng. Mic du dit liéu c6 thé di qua nhiéu nit 4n nhung né luén di chuyén theo mot

huong va khong bao gio ngugc.

Hidden
layer

Input
layer

Output
layer

Inputs
Outputs

Hinh 2.6: Mang no-ron truyén thing.
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2.1.2.2 Mang héi quy (Recurrent neural network)

Mang no-ron tuan hoan (RNN) 1a mot loai mang No-ron, dugc st dung rong
rdi dé thuc hién qué trinh phan tich trinh ty vi RNN duoc thiét ké dé trich xuét thong
tin nglt canh béng cach xac dinh sy phu thudc gitra cac tem thoi gian khac nhau. RNN
bao gdm nhiéu 16p lip lai lién tiép va cac 16p nay duoc 1ap mé hinh tuan tw dé 4nh xa
trinh tu vo1 cac trinh tu khac.

Input layer Hidden layer

Output layer

Recurrent network

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

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

su thay ddi céc gia tri kich hoat 1a dang quan tam.

2.1.3 Cic phwong phdp hudn luyén mang no-ron

M6t mang no-ron dugc huan luyén sao cho véi mot tip cac vector dau vao X,
mang c6 kha ning tao ra tip cac vector dau ra mong mudn Y cta nd. Tap X dugc st
dung cho huan luyén mang dugc goi 1a tdp huan luyén (training set). Cac phan tir x
thudc X duoc goi 13 cac mAu hudn luyén (training example). Qua trinh huan luyén

ban chat 1a sy thay d6i cac trong sb lién két ctia mang.
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2.1.3.1 Hoc co giam sat (Supervised Learning)
Mang dugc huan luyén [12] bang cach cung cap cho no cac cap mau dau vao

va cic dau ra mong mudn (target values). Cac cip duoc cung cp boi "thiy gio", hay
bo1 hé théng trén d6 mang hoat dong. Su khac biét gilra cac dau ra thue té so vdi cac

dau ra mong mudn dugc thuat toan sir dung dé thich ing céc trong s6 trong mang.

Training Data

IJul Desired output
target
Network 3K, error
in out > \da .
e A3l
\ /
Weight Objective
changes Function

,
Training Algorithm l 1
—

(optimization method) J

Hinh 2.8: M6 hinh hgc ¢6 giam sat (Supervised learning model)

2.1.3.2 Hoc khong giam sat (Unsupervised Learning).
La viéc hoc khong can c6 bat ky mdt sy giam sat nao. Trong bai toan hoc

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

D= {(x1,x2,...,xN)}, v6i (x1 ,x2, ..., xN) 1 vector dic trung ciia mau huin
luyén. Nhiém vu cua thuat toan la phai phan chia tap dit li¢u D thanh cac nhom con,
mdi nhom chita cac vector dau vao cé dic trung giong nhau. Nhu vay voi hoc khong
giam sat, s6 16p phan loai chua duge biét trude, va tuy theo tiéu chuin danh gia do

tuong tu gitta cac mau ma ta c6 thé co cac 16p phan loai khac nhau.

2.1.3.3 Hoc ciing cé (Reinforcement learning).

Doi khi con dugce goi 1a hoc thudng-phat [12][13] (rewardpenalty learning), 1a
su to hop clia ca hai mé hinh trén. Phuong phap nay cu thé nhu sau: véi vector dau
vao, quan sat vector dau ra do mang tinh dugc. Néu két qua dugc xem la “tot” thi
mang s€ dugc thudng theo nghia ting céc trong s6 két ndi 1én; nguoc lai mang s€ bi
phat, cac trong s6 két nbi khong thich hop s& duoc giam xudng. Do d6 hoc ting cudng
1a hoc theo nha phé binh (critic), ngugc véi hoc ¢6 giam sat 1 hoc theo thiy gido

(teacher).
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2.1.3.4 Hoc co giam sdt 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 tAp cac van dé va Y 1a tip cac 101 giai twong tng cho van dé& d6. Cac miu (x,
y) vOi X = (X1, X2, .. ., Xn) E X, Y= (Y1, V2, . . ., Ym) € Y duoc cho trude. Hoe c6 giam

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

B1l: Xay dung cau tric thich hgp cho mang no-ron, chang han c6 (n + 1) no-
ron vao (n no-ron cho bi€n vao va 1 no-ron cho ngudng xo), m no-ron dau ra, va khoi

tao cac trong so lién két cia mang.
B2: Pua mdt vector x trong tap mau huan luyén X vao mang
B3: Tinh vector dau ra o cia mang

B4: So sanh vector ddu ra mong muén y (1a két qua dugc cho trong tap

huan luyén) vdi vector dau ra o do mang tao ra; néu c6 thé thi danh gia 106i.

B5: Hiéu chinh cac trong s6 lién két theo mot cach nao d6 sao cho & lan tiép

theo khi dua vector x vao mang, vector dau ra o s€ giong voi y hon.

B6: Néu can, l1ap lai cac budc tur 2 dén 5 cho toi khi mang dat toi trang
thai hoi tu. Viéc dénh gia 16i c6 thé thyc hién theo nhidu cach, cach dung nhiéu nhat
12 str dung 16i ttrc thoi: Err = (0 - y), hodc Err = |o - y|; 16i trung binh binh phwong
(MSE: mean-square error): Err = (0 - y)2/2;C6 hai loai 15i trong danh gia mot mang
no-ron. Thtr nhat, goi 14 15i rd rang (apparent error), danh gia kha ning xap xi céac
mau huin luyén cua mot mang da duoc huin luyén.
2.1.3.5 Mang no-ron tich chdp (CNN)

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 gom hai phan: (i) mot khdi cac tang
tich chap; va (ii) mot khdi cac tang két ndi day du. Trude khi di vao cac chi tiét cu

thé, hiy quan sat tong thé mo hinh bén dudi
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Hinh 2.9: M6 phong mang no-ron tich chap

2.1.3.6 Lop tich chap (Convolution)

Tich chap duogc st dung dau tién trong xtr 1y tin hiéu so (Signal processing).
Nho vao nguyén 1y bién dbi thong tin, cac nha khoa hoc di 4p dung ki thuét ndy vao
xu 1y anh va video s6. Dé d& hinh dung, ta co thé xem tich chap nhu mdt cira s6 truot
(sliding window) &p dat 1én mot ma tran. Ban c6 thé theo ddi co ché cua tich chap

qua hinh minh hoa bén dudi.

1[1]1]0]o0
of1]1]1]o] [4]3]4
ofofaf1[1] [2]4a]3
ofoj1l1fo] [2]3
0]1/3%J0[0

Hinh 2.10: Minh hoa tich chap

Két qua cua tich chap 12 mot ma tran [13] (convoled feature) sinh ra tir viée
trugt ma tran filter va thuc hién tich chap cung luc 1€n toan bd ma tran anh bén trai.

Duéi day 1a mot vai vi du cua phép toan tich chap.
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Blur an image

Hinh 2. 11: Anh mé sau khi chap

V¢é ban chat thyc hién 1am mo anh chinh 1a tao ra &nh méi1 sao cho gia tri mirc
x4m ctia mdi pixel & anh méi dung bang gia tri trung binh clia diém twong tmg va 8

diém lan can trén anh ban dau.

2 68 6 3 479 ) o

9031 2 41 4 tinh trung binh cac diem

1 3 5[2 5 1]3 3  Xungquanh

9 0 8/7 8 9|0 3 2454147 +8+9+5+3+8

1 3 5|5 3 8|9 3 9

6 7 32 42 1 4 bang

35565435 2,5, 1,789 5.3.8

36 71 2 4 5 4 99 9 9 9 9 9 9 9
Hinh 2.12: Mé phéng s6 lam mo anh (bwéc 1)

Vay c6 nghia 13 ta dang tinh trung binh cong ctia 9 pixel (pixel tai diém d6 va
8 pixel 14n can), vay phép tinh d6 ciing giéng nhu nhén timg gia tri mirc sang clia cac

pixel 1an can v6i 1/9 sau d6 cong lai véi nhau.

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

pixel cua anh mai, ta s€ dugc &nh madi chinh 1a anh mo ctia anh ban dau.
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2 6 8 6 3 4 7 9 o
9 0 31 2 4 1 4 5 5 %
1 3 5|2 5 113 3 2 5 1 1 1 1

8 9 o - - —
9 0 8|7 8 9/0 3 9 9 9
1 3 5|5 3 8|9 3 8 111
6 7 3 2 4 2 1 4 9 9 9
35565435 nhan trng phan tl twong ¢*ng va cdng lai
36 71 2 4 5 4

Hinh 2.13: Mé phéng s6 1am mé anh (bwéc 2)

Ngoai ra, ta c6 thé phat hién bién canh bing cach tinh vi phin (d6 di

biét) gifra cac di€m anh lan can.

‘ol1]o]

ol1|o]

Hinh 2.7: Anh dwoc phat hién bién sau khi chiap
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 duoc Yann Lecun va

cac cOng su phat trién vao nim 1998 dé xu 1y hinh anh.
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C3:1. maps 16@10x10

C1: feature maps S4: f. maps 16@5x5

INPUT
32x32 6@26x28 S2:f. maps

|
Full mmlnecnnn | Gaussian connections
Convolutions Subsampling Convolutions ~ Subsampling Full connection

Hinh 2.15: Kién tric LeNet-5
Lenet-5 gém 7 16p.

2.2.2 AlexNet

AlexNet la mdt mo hinh mang no-ron tich chap dugc dé xuit vao nam 2012

boi Alex Krizhevsky.

PIET: s6gs \dense

H

)

®
&
oot

13 dense dense

1000

128 Max
Max 128 Max pooling
pooling pooling

Hinh 2.16: Kién tric AlexNet

AlexNet 12 mot kién triic sau, dau vao cho mo hinh nay 1a hinh anh cé kich

thudc 227x227x3.

2.2.3 VGG-16

Khac véi cac mang CNN duogc nghién cuu trude d6, VGG-16 duogce td chire
chit ch& va c6 s6 16p gia ting mot cach dot bién thong qua viée to chirc cac ma tran
loc nho hon. Cy thé kién triic cia VGG-16 dugc mo ta trong hinh 2.2 va cac thong sd
dau ciia VGG-16 duoc chung toi tinh todn va phan tich chi tiét trong 16 16p cu thé

nhu sau:
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224 x 224 x3 224 x224x64

112 x 112 x 128

56{x 56 x 256 -
) 7x7x512
|28 x 28 x 512

%‘ 1‘1 5"7]}4»}‘ 51‘2

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

1x1x4096 1x1x1000

Hinh 2.17: Kién tric VGG-16

2.3 Két luan chwong
Sau khi phan tich, 1am r cac khai niém lién quan dén mang no-ron tich chap
va md hinh hoc tich cuc, ching t6i 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
nbi day du (F6), tiép theo 1a 16p dau ra. LeNet-5 stir dung ham sigmoid (tanh) & mdi
16p tich chap. Chinh vi thé, tbc do tinh toan ctia LeNet-5 cham.

- Thtr hai 1a mang AlexNet. AlexNet bao gom 8 16p (5 16p tich chap va 3 16p
két n6i day du). AlexNet 1 c6 mot s6 dac diém cia AlexNet cho phép giam thoi gian
d3o tao 6 1an (so voi tanh) khi so sanh cung d6 chinh xac. AlexNet c6 cdu tric
tuong ty nhu LeNet, nhung vi sir dung nhiéu tang tich chap hon, do vay AlexNet c6
kha nang xir 1y bo dit liéu v6i tham s truyén vao 16n hon LeNet.

- Thtt ba 13 mang VGG-16. VGG-16 c6 cira sb tich chip nho (3x3). Chinh vi
sir dung ctra so tich chap nhé 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 M6 phéng chwong trinh nhén biét chir ky viét tay
3.1.1 Gidi thi¢u chung

- Chuong trinh nhan dang chir ky viét tay dya trén phuong thic hoc ¢6 gidm sat

( Supervised Learning ) theo dang phan loai ( Classification ).
3.1.2 Coéng cu sw dung

- Cong cu: Jupyter Notebook. Trudc dy 1a n6 c6 tén Ipython Notebook, dén
nam 2014 doi lai thanh Jupyter Notebook. Jupyter hd tro rat nhiéu cac kernel
cho cac ngdn ngilt khac nhau, khoang trén 40 ngén ngit trong dé c6 Python.

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

- Tap dit liéu: tap chit ky cia ngudi viét thu thap duoc 160 mau twong tmg véi
160 nguoi. Ty 1& trong 1 mau la 24 chit ky that va 30 chit ky gia.

3.2 Méi truong mo phong thwe nghiém
Moéi truong:

- Chuong trinh duoc thyc nghiém trén Windows 10, may tinh laptop core i7 tdc
d6 3.4GHz, bd nhd RAM 8GB. Sir dung bo thu vién sklearn, tensoflow, keras,
cv2 phién ban 2.7 va cac thu vién hd tro khac nhu: os, time, numpy, matplotlib.
Pay déu la cac thu vién ma ngudn ma, sir dung on dinh trén Python 3.8.

M6 phong thuc nghiém:

- M0 ta: Pua tap dit liéu chit ky vao mé hinh mang CNN d¢é 14y ra mot cip chir
ky va dya vao ngudng trén khoang cach dé xac dinh hinh anh sau 13 chit ky
that hay chit ky gia so véi anh goc.

Thue nghiém va két qua mé phéng:

+ Budc 1: Import cac thu vién can thiét
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matplotlib.pyplot as plt

shuffle

,» Input, concatenate, D

Hinh 3.1: Qua trinh import thu vién

- Thu vién tensorflow, keras, sklearn déu la phién ban 2.7.

4+ Buwdc 2: Dua cac hinh 4nh tir tap dit liéu thu thap vao thanh 2 nhom:

#path = "./BHSig260/Hindi/"
path = "./BHSig26@/Vietnam/"

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

# MB1 ngudi tdch biét chir ky thdt va chir ky gia
# Chir ky that dc Luu vao danh sdach "orig_groups"
# Chir ky gia 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[:38]) # 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, 228

# ham cé chic ndng chon ngdu nhién mét chir ky tir tap train va thiét Ldp ra 2 bdn sao that va gia
def visualize sample_signature():

fig, (axl, ax2, ax3) = plt.subplots(1l, 3, figsize = (1@, 10))

k = np.random.randint(len(orig_train))

orig_img_names = random.sample(orig_train[k], 2)

T T T Y S TETD)

el e & @R At {erie finn cemesliEll, G)

orig_img2 = cv2.imread(orig_img_names[1], @)

e i e T e D)

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))

axl.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: V6i mdi mot bo co 24 chir ky that thi chon ra 2 chit ky thi ¢ 276 cip
chit ky that - chir ky that. Ddi v6i cap chit ky that - chit ky gia thi 14y cip chit ky

that cua 1 nguoi véoi 12 chir ky gid ctia nguoi do6 nén c6 300 bo.

tch_size va mg La & gid
g groups, batch
while True:
orig pairs = []
forg_pairs = []
gen_gen_labels = []
gen_for_labels = []
all_pairs = []
al1_labels = []
e e names

for orig, forg in zip(orig_groups, forg groups):
orig_pairs.extend(list(itertools. combinations(orig, 2)))

gen_for_labels - [2]*

# Concatenate all pairs 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_pen_labels, gen_for_labels

all_pairs, all_labels = shuffle(all_pairs, all_labels)

k=@
pairs=[np.zeros((batch_size, img_h, imgw, 1)) for i in range(2)]
targets=np.zeros((batch_size,))
for ix, pair in enumerate(all_pairs):
imgl = cv2.imread(pair[@], B)
img2 = cv2.imread(pair[1], )
imgl = cv.resize(imel, (img_w, img_h))
img? = cv2.resize(img2, (img_w, img h))
imgl = np.array(imgl, dtype = np.float64)
img2 = np.array(img2, dtype = np.floatée)
imgl /= 255
img2 /= 255
imgl = imgl[..., np.newaxis]
img2 = img2[..., np.newaxis]
nairerAlTl S = dmen

Hinh 3.4: Ham tao cac cap dir liéu theo kich thudc batch_size.

4+ Budc 4: Mo hinh CNN

- Sequential(): khéi tao model.

- Lép Convolution2D véi 96 bo loc, kich thudce b loc 11x11, activation="relu’
loc ra céac gia tri nho hon 0. Tbc d6 hoi tu va tinh toan nhanh hon cac ham
khac.

- Lép Dropout ding dé bo qua 1 vai unit trong qué trinh trainning va muc dich
chinh 1a dé chdng over-fitting.

- Lép Flatten 13 16p reshape trong d6 tat ca cac axes duoc 1am phang hoic duoc
ghép lai v6i nhau.

- Lop Dense thé hién viéc tat ca cac unit cua layer trudc dugc ndi toan bo véi

cac unit cda hién tai
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# 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 init
seq.add(Batchiormalization(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(Batchiormalization(epsilon=1e-86, axis=1, momentum=8.9))

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

seq.add(Dropout(@.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='glerot_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 1a s6 1an chay dé dua do chinh x4c cao nht.

#trainning dit Liéu

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

rms = RMSprop(lr=1e-4, rho=8.9, epsilon=12-88)

#model . compile(loss=contrastive Loss, optimizer=rms)

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

c:\users\hoangnam\appdata\local\programs\python\python38\lib\site-packages\keras\optimizer_v2\rmsprop.py:13@: UserWarning: The

“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
4+ Budc 6: Xay dung ham test dya vao ngudng trén khoang cach
Duya vao ngudng trén khoang cach, hinh anh 1ay dugc so sanh v6i hinh anh
gbc. Néu ngudng xac dinh duoc 10n hon ngudng sau khi tranning model thi d6 1a chix

ky gia va nguoc lai 1a chir ky that
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# tinh todn d6 chinh xdc wva ngudng trén khodng cdach
def compute_ accuracy roc{predictions, labels):

dmax = np.max(predictions)
dmin = np.min(predictions)
nsame = np.sum{labels == 1)
ndiff = np.sum(labels -= @)
step — ©.081

max_acc = 8

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] == 1)) / nsame
tnr = float(np.sum(labels[idx2] == ©)) / ndiff
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)
prad, tr_y = []. []
for i in range(num_test_samples):
(imgl, img2), label = next(test_gen)
tr_v.append(label}
pred. append(model . predict([img1l, img2])[e][e])

# dwa ra dé chinh xdc va ngudng xdc dinh thdét gid dwa vao model sau khi trainnin,
tr_acc, threshold = compute_accuracy_roc(np.array(pred), np.array(tr_wy})

tr_acc, threshold

#NEu Lon hon threshold thi La chir ky gid

>

Hinh 3.7: Tinh toan nguwdng va d¢ chinh xac sau khi train model
Két qua: do chinh xé4c 1én dén 100% va ngudng 13 0.0 do tap dit liéu thu thap
dugc o phan chir ky that 1a 24 hinh anh giéng nhau
4+ Buwéc 7: Xay dung ham kiém tra chir ky that gia dua vao ngudng sau khi
train model ¢ budce 6

# 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, (axl, ax2) = plt.subplots(l, 2, figsize = (1@, 18))
axl1.imshow(np.squeeze(imgl), cmap="gray"')
ax2.imshow(np.squeeze(img2), cmap="gray"')
axl.set_title( 'Genuins')
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 o Genuine Signature™)
else:
print(“"Its a Genuine Signature™)
#print("Its a Forged Signature”)

Hinh 3.8: Ham kiém tra chix ky that gia
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Két qua md phong:
- Chir ky that

In [1@8]: predict_score()

Genuine Test

b

Difference Score = 0.8
Its a Genuine Signature

Hinh 3.9: Két qua chir ky that 1an 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

predict_score()

Genuine Test

Difference Score = 2.8
Its a Genuine Signature

Hinh 3.11: Két qua chir ky that 1in 3
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predict_score()

Genuine Test

Difference Score = 2.8
Its a Genuine Signature

Hinh 3.12: Két qua chir ky that lan 4
Nhén xét: do dau vao chir ky that 1a 24 hinh anh gidng nhau 1én ngudng trén
khoang cach lu6n la 0.0. Ngudng trén khoang cach luén >= 0.0.
- Chitky gia

In [109]: predict_score()

Genuine Test
Difference Score = 0.826397958
Its a Forged Signature

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

Genuine Test

L

Difference Score = ©.122127175
Its a Forged Signature

Hinh 3.15 Két qua chir ky gia 1an 2
predict_score()

Genuine

Test

Difference Score = @.85332449
Its a Forged Signature

Hinh 3.16: Két qua chir ky gia lan 3
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: predict_score()

Genuine Test

ey

Difference Score = ©.11899835
Its a Forged Signature

Hinh 3.17: Két qua chir ky gi lan 4
Két luén:

M5 hinh CNN dugc huin luyén véi tdc do hoc Ir = 1e-4, sir dung cac ham kich
hoat relu & cac 16p tich chap va diéu chinh dugc cac tham sé trong céc 16p mang dé
¢4 duoc do chinh xac cao nhat.

3.3 Két luan chuong.
Str dung mo hinh CNN dé training model gitp cai thién do chinh xac hon, cai

thién dg tin cay hon so v&i cac mo hinh machine learning trudce day.

Phuong 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 luén van nay, Chung t6i khong nhiing phan tich mé hinh, thuat toan, va
dir liéu ma con khao sat, danh gia cac 16p, khdi ham, va cac k¥ thuat trong mang no-
ron tich chap hién dai. Viéc nay dap ung duoc cho su thay ddi kién trac, thuat toan
c6 thé giai quyét cac bai toan don gian, pht hop vdi cac Gng dung phan loai chir ky
viét nam viét tay trong thuc té.

No6i dung cta ludn van thyuc hién bao gém viéc cai dat thuat toan, danh gia moé
hinh va phan tich cac tap dir licu huin luyén va thur nghiém. Thong qua mot s6 kich
ban mé phong va danh gia hiéu ning thyc thi ctia hé théng, cac goi mé cho viée toi
uu mot hé théng thuc dya trén tap ma nguSn mé da san sang trién khai cho mot hé
théng phan loai cac chir ky tiéng anh hodc tiéng viét trong thyc té trén mot nén tang
hoc sau.

Trong luan vin ndy, cac két qua ciing dua ra dugc do nhan dién chir ky bang
CNN c6 d6 chinh xac cao.

Hudng nghién ctru trong twong lai cua ching t6i 1a hoan thién mo hinh 1y
thuyét nghién ciru, hiéu chinh cac thuét toan, cac 16p, ham, hé s6 loc bo phu hop dé
g dung c6 d6 chinh xac 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 tu cing luc. Phat
trién chuong trinh thanh module phan ctrng. Thém vao dé, chung t6i s& xem xét phat
trién tap dir liéu phu hop véi kha ning trién khai cho cac ing dung nhan dién chit ky
viét tay cho nhu cau, xu huong hién dai hoa, cong nghé 4.0 & Viét Nam.

Chung t61 cling bi han ché & day boi thuc té 12 bo dit liéu cua ching t61 twong
d6i nho, rat kho dé tim thay cac bo dir liéu chit ky c6 sin tot. Do han ché vé thoi gian
va nang lyc tinh todn ctia may tinh, ludn van khong thé khao sat hét cac mo hinh
CNN. Van dé nghién ctru trong luan van 1a kha méi nén khi trinh bay, dich thuat tai
lidu chic chian khong tranh khoi nhitng thiéu sét va han ché can phai khic phuc. Rt

mong nhan dugc sy gop y cua doc gia.



