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TOM TAT

Trong bai b&o nay, phwong phap nhdn dang ki tw sé viét tay dwoc dé xudt theo hwéng tiép cdn
dua trén mang no-ron hoc sau (DNN- Deep Neural Network). Bdu tién, tdp dit liéu dnh diwoc trich
xudt dédc trung HOG (Histogram of Oriented Gradient) két hop véi déic trung SIFT (Scale-invariant
feature transform). Sau d6, mét mé hinh (model) mang DNN dwoc xdy dung d@é hudn luyén nham
nhan dang hinh danh. Cuéi cung, anh dau vao dwoc nhan dién tw dong dwa trén moé hinh da duoc
hudn luyén. Nham minh chirng tinh hiéu qua ciia phirong phdp dé xudt, thiee nghiém dwoc xdy dung
va ddanh gid trén tdp dir liéu anh MNIST. Két qud thiee nghiém da cho thdy tinh kha thi va hiéu qua
clia phwong phdp, dong thoi dé dang mé réng cho viéc nhdn dién cdc hinh dnh chiv viét tay khdc.

Tir khoa: anh ki ty; handwritten digit recognition; DNN; SIFT; HOG

1.  Gi6i thi¢u

Ngay nay, nhirng nghién ctru vé tri tué nhan tao phat trién manh mé va duoc tiép can
rong rii trong moi linh vue, rat nhiéu cong trinh nghién ctru cung cac tmg dung di duoc
cong bd va 4p dung rong rai trong thuc tién nhu: nhan dang bang sb, hé théng nhén dién va
phat hién khuoén mat thoi gian thye (Niranjani, 2021), phat hién hoat dong ctia con nguoi,
trong linh vyc y té ¢ thé tdi wu hoa cac thi tuc chan doan hinh anh y té (Sprawls Resources,
2021), cong nghé xe tu 1ai (Szikora, 2021), du doan bénh Alzheimer (Brownlee, 2019), phan
loai khéi u ndo(Brownlee, 2019), nhan dang chit sé viét tay hiéu qua dwa trén HOG va SVM
(Reza, 2014), nhan dang chit sé viét tay dung mang no-ron nhan tao (Pham, 2019)... Trong
d6, nhan dang anh ki tu da thu dugc thanh twu ca vé mat 1i thuyét 1an tmg dung thuc té
(Rother, 2004).

Trong nhan dang chit, thong thudng s& nhan dang chit in va nhan dang chir viét tay.
Pdi v6i nhan dang chir viét tay, tir anh ctia hang nghin vi du ctia mdi chir s6 duge viét boi
nhiéu nguoi khac nhau. Khi dua cac bire anh nay vao trong mot thuat toan, két qua phai chi

Cite this article as: Dinh Thi Man, Nguyen Van Thinh, Nguyen The Huu, & Tran Thi Van Anh (2023).
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ra dugc moi bire anh twong tmg véi chir s6 nao. Viéc nhan dang chir viét tay da duoc nhiéu
nha nghién ctru tiép can voi cac phuong phap va ki thuat khac nhau dugce dé xudt nhu: cac
thudt toan phan loai dya trén hoc sau (Dan, 2020), mang no-ron nhéan tao (Pham, 2019), may
véc-to hd tro (Balas, 2021)... Tuy nhién, viéc nhan dién chit viét tay dang gip nhiéu thach
thirc do 1a: su khac bi¢t da dang trong cach viét cua tung cd nhan, chir viét cua cung mat ca
nhan viét ciing c6 nhiéu sy khac biét trong cach viét tuy thudc vao ting ngit canh, kiéu viét,
thay d6i theo thoi gian... Diéu nay gy ra nhiéu tré ngai trong viéc trich xuit dic trung ciing
nhu Ira chon mé hinh nhan dang (Rother, 2004). Do d6, can phai c6 mot hé théng nhan dién
chinh x4c véi thuat toan tao ra mot mo hinh, tire 1a mot ham s6 ma dau vao 1a mot hinh anh va
dau ra 12 mot chit s6, khi nhan dugc mot hinh anh méi ma mé hinh chua nhin théy bao gio,
mo hinh s& du doan hinh anh d6 chira chir s6 nao. Van dé nay dang 13 yéu cau cép thiét va co
tinh g dung trong thuc tién.

Trong bai bio nay, phuong phap nhan dang ki tu sb viét tay dugc dé xudt dua trén mang
DNN nham tang do chinh xac trong nhan dang. Mang DNN s¢& duoc huén luyén dya trén dac
trung cap thap cta hinh anh tir cac diém anh (pixel), don vi nho nhét cua hinh anh thich hop
cho viéc xur 1i, phan tich hinh anh dé mang lai két qua nhan dién nhanh va chinh xac. Pong gop
ctia bai bao gdbm: (1) thuc hién phan doan anh bang phwong phép Graph-cut, (2) dé xuat phuong
phap trich xuit dic trung SIFT két hop dic trung HOG, (3) xay dung mo hinh mang DNN dé
huén luyén nhan dang hinh anh, (4) xay dung ing dung thuc nghiém vé md hinh nhan dang
hinh anh ki ty s6 viét tay trén bo dit liéu MNIST. Phan con lai ctia bai bao gdm: phan 2 phuong
phap nhan dang anh ki ty s6; mé hinh nhan dang anh ki tir s va thyc nghiém duoc trinh bay
trong phan 3; két ludn va hudng phat trién duoc trinh bay trong phan 4.

2. Doi twong va phwong phap nghién ciru

Phuong phép nhan dang anh ki tu s6 bao gém cac budc: (1) tién xt 1i, (2) phan doan
anh, (3) trich xuat dic trung, (4) huan luyén va nhan dang. Pau vao cia mé hinh 1a dbi twong
can nhan dang va dau ra 1a ki tu tuong duong ctia ddi trong dau vao, dau ra thu duoc tir viéc
duoc xur 1i qua céc budc sau:

(1) Tién xu Ii: dung céc ki thuat phan ngudng (thresholding) dé loai bo phan nhiéu caa
hinh anh, thay ddi kich thuéc (resize) hinh anh dau vao dé dinh huéng hinh anh mét céch
chinh x4c. Dong thoi trong giai doan nay, loai bo cac ki ty khdng mong mudn (dau cham,
chit viét nguéch ngoac...) va 1am min mau chir viét tay (Balas, 2019).

(2) Phan doan anh: chia hinh anh thanh cac ving c6 déi tugng riéng biét.

(3) Trich xuat dic trung: 1a buéc quan trong nhat dé dat dugc d6 chinh xac cho viéc nhan
dang ki tu (Balas, 2019). Ki thuat trich xuat dic trung duoc st dung dé giam kich thudc cua dix
litu mau dau vao. Dau ra dugc biéu dién dudi dang mot véc-to dic trung. Cac dac trung duoc
trich xuat phai c6 cac dic diém quan trong cua timg ki tu dé phan biét véi nhitng chir cai khéc.

(4) Huin luyén va nhan dang: dua vao cac dic trung da duoc trich xuat bang cach &p
dung cac phuong phap nhu: cac thuat toan phan loai dua trén hoc sau, mang no-ron nhan tao
(Rother, 2004), may véc-to hd tro (Balas, 2019)... Viéc nhan dang ki ty trong (ng bang céch
so sanh voi mau chuan da duoc huan luyén tir trude.
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Hinh 1. M6 hinh nhan dién anh Ki tu

A. Tién xi Ii anh
Giai doan nay 1am sach dit liéu va chuan bi trudce dit liéu, xtr If cac dir liéu khong chat
chg, dit liéu nhiu. Giai doan nay la giai doan quan trong vi néu khong xir If chinh xac s& gay
ra sai léch trong két qua nhan dang.
Céc thao téc tién xir Ii anh:
e Chuyén anh mau sang anh xam: 1a qué trinh bién d6i anh mau (RGB) sang anh xam
(grayscale);
 Nhi phan anh: 12 qua trinh bién d6i mét anh x4m thanh anh nhi phan;
e Chuan kich thudc: chuan kich thuéc anh ki tu vé mot kich thuéc ¢b dinh va phong sat
bdn bién cua anh.
B. Phdn dogn danh
Graph — cut 1a mot phuong phap phan doan hinh anh dya trén viéc cat giam do thi.
Thuét toan woc tinh sy phan bd mau cua ddi twong va nén bang cach sir dung mé hinh hdn
hop Gaussian duoc sir dung dé xay dung truong ngau nhién Markov (Markov random field)
trén cac pixel, vdi ham energy wu tién cac ving duoc két ndi c6 cuing nhan va chay téi wu
hoa dya trén cit biéu dd dé suy ra gia tri caa ching (Lowe, 2004).

(a) Image with sceds. (d) Segmentation results.
Background Backgroond
@ terminal ® terminal
o

Object T
terminal

Ubjc;:‘t "

teximinal
(b) Graph. (c) Cut.
Hinh 2. P6 th; Graph — cut (Dong, 2021)
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C. Trich xudt ddic trung
SIFT (Scale-invariant feature transform): do tim cac diém dic trung theo goc, bat bién
theo ti 1€ va cac phép bién doi Affine (co dén theo ti 1¢, xoay, tinh tién). bac trung SIFT duoc
ding nhiéu trong bai toan so khdp anh, tim anh twong ty (Dan, 2020).

k. o
Hinh 3. Nhitng keypoint diroc phan bé trén anh

M3i déi twong trong mot hinh anh c6 cac keypoint khac nhau (Hinh 3), cac véc-to 1y
keypoint 1am diém gdc goi 1a véc-to dic trung. Véc-to dic trung nay s& dugc sir dung dé
nhan dang déi twong trong anh.

e CAc budc trich xudt Véc-to dic trung SIFT

- Budéc 1. Poc hinh anh dau vao va chuyén anh dau vao thanh anh xam
- Buwoc 2. Khoi tao b mo ta dac trung SIFT

- Buoc 3. Binh vi va tinh toan keypoint

- Buoc 4. Tao véc-to dic trung SIFT trén céac keypoint.

HOG (Histogram of Oriented Gradient): ddc trung hinh dang, bat bién theo ti 1¢ vi 13y
theo hudng dao ham cua tung 6 (cell) trén anh. Pac trung nay thuong Gng dung trong nhan
dién dbi tuong, nhan dién vat thé, nhan dién con nguoi, nhan dang khuén mat
(face recognition).
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Hinh 4. Si dung HOG dé mé ta nhitng doi twong cuc bé cua anh (Reza, 2014)
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Ban chat cia HOG la str dung su phan bd vé cuong d6 hodc hudng bién dé mé ta cac
dbi twong cuc bo. Ap dung HOG biang céch chia nho anh thanh cac block, & mdi block tiép
tuc chia thanh céc cell, tinh gia tri bin va histogram vé cac huéng cia cudng do. Két qua thu
dugc sau khi ghép céc histogram lai vai nhau 1a véc-to dac trung cua HOG (Kulandai, 2017).

e Cdc buwdc trich xuat Véc-to dic trung HOG

- Budc 1. Resize kich thudc anh can ldy dic trung

- Budc 2. Khai béo cac tham sb dé khoi tao mot bo mé ta HOG (nbins, cellSize, winSize,
blockSize, winStride)

- Buoc 3. Khoi tao b mé tra dac trung HOG

- Buwoc 4. Thuc hién tinh toan dac trung HOG

- Buwoc 5. Nhan véc-to dac trung HOG cua hinh anh.

e Cdc buwéc thwe hién két hop diic trung SIFT va HOG

- Budéc 1. Chuan bi danh séch mang cta véc-to dic trung SIFT va HOG.

- Budéc 2.Tao mang két hop bang cach ghép mang cua SIFT véi mang HOG.

- Buoéc 3. Chuan hoa dir liéu caa mang két hop, tir viéc chuan héa tirng phan tu trong
mang két hop.

Chuan hoéa dir liéu ctia véc-to dd két hop nhdm giam du thira dir liéu cta véc-to va cai
thién tinh toan ven cta dit liéu. Viéc chuin héa dit liéu trong doan 0 1 thyc hi¢n br?mg cach
ap dung cong thuc:

X; —min,

4= max, — min,
trong do:

z;: Gid tri chuan hoa tht i trong véc-to

x;: Giatri thu i trong véc-to

min,: Gia tri nho nhét trong véc-to

max,: Gia tri 16n nhit trong véc-to.

biéc trung HOG
(0.100000101...)

Trich xuét g6p déc treng
dic tneng

i Véc-to ma tran
chudn hoa dic trung da

duoge chudn hoa
(0.00001001...)

Vée-to ma
tran dic trung
(0.0100101...)

Dic trung SIFT
(0.0101101..)

Hinh 5. Thuc hién két hop ddac trung
Vi du Hinh 5 dé thuc hién két hop dic trung véc-to dic trung cua SIFT va véc-to dic
trung HOG ctia méot anh ki tu X. Dau tién chuan bi véc-to dic trung cua SIFT va véc-to dic
trung cua HOG. Tiép theo thyuc hién gop mang cua hai véc-to dic trung. Sau d6 thuc hién
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chuan hoéa cac phan tir cia mang gop. Két qua thu dugc mot véc-to dic trung méi cua anh
ki tur X, duoc két hop tir véc-to dic trung cta SIFT va véc-to dic trung cia HOG.
D. Hudn luyén va nhgn dang

DNN 12 mdt mé hinh mé phong dua trén hoat dong caa hé thong mang no-ron than
kinh caa sinh vat. Mot md hinh mang no-ron nhan tao dugc tao thanh tir nhiéu no-ron don
& goi 1a cac nat, su két hop cua cac nit sé tao thanh céc tang (layer), sé luong cac nat & mdi
tang c6 thé khac nhau. Mang DNN gom cac tang: mot tang dau vao (Input layer) véi nhiéu
nGt nhan dit liéu dau vao truc tiép tir cac diém anh; nhiéu ting an (Hidden layer) nam gita
tang dau vao va tng dau ra (mdi mang no-ron phai cé it nhat mot tang an) thuc hién huén
luyén dic trung tir dit liéu dau ra cua tang trudc; mot tang dau ra (Output layer) tra vé dir
liéu dau ra (Brownlee, 2019).

Output layer

Input layer

Hidden layer 1 Hidden layer N

Hinh 6. M6 hinh co ban cua mang DNN
Céc n(t tang an va tang dau ra cua mang lién két vai toan bo céc nlt ¢ cac tang trude
d6. Cac nut & gitra 1a céc n(t 4n c6 sb luong nhiéu hon nat dau ra.
o Mo hinh nhgn dang Ki tw trén mang DNN

Hinh anh ddu Trich xudt dac
vao trung

1 ) i, ) . |®

1 . 4 | Md hinh DNN Dy doan

v
h 4

Két qua

)
=i

Phin doan anh

h J

Tién xi 1y

Hinh 7. M6 hinh nhdn dang theo DNN (Suresh, 2020)
Mo hinh nhan dang theo mang DNN gbm:
(1)Phat hién ddi twong chir sb viét tay, tién xir I dé loai bé nhidu va cac ki ty khong mong
mudn;
(2)Phan doan anh str dung phuwong phap Graph-cut;
(3) Két hop dic trung SIFT va HOG dé trich xuat véc-to dic trung nham mé ta d6i tuong;
(4)Xay dung va huan luyén mé hinh DNN dé phan loai dic trung dau vao;
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(5)Str dung mang DNN da huén luyén dé nhan dang anh dau vao;
(6)Sau khi dy doan va dua ra két qua tién hanh danh gia hiéu suét dya vao két qua.
Dt liéu dua vao DNN model 1a cac véc-to dac trung cua hinh anh da dugc gop va
chuin hoa. DNN model s& nhan dang Ki tu twong ing béng cach so sanh v&i mau chudn da
duoc huin luyén tur trudce.

0.0100100...,
0.00101110....

(dac tnrng da
droc chuan hoa)

DNN Model

Hinh 8. Hinh anh minh hoa qud trinh dwa dir liéu vao DNN model

| DNNModel } -

B, — — ]
—
—p
—_—
oty e hidmlye ] el biddenloer2 Eidden layer 3 outgn layer :
— 5
B — =7
| —
) ) —p
1= M M 2000 2000 1000 10 L 10x]

Hinh 9. DNN model

Mo hinh s& du doan va dua ra mot két qua duy nhat. Két qua nay 1a két qua du doan
cua hinh anh can duge nhan dang.

Tién xie Iy, phan doan anh va
trich xudt dic tneng {0.00789..... i ;
ooy | DNN modl Predicted ?

Hinh 10. Minh hoa qua trinh dy dodn cua mé hinh
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dicted it
00.101100111...  —» DNNModel (/31" 2

Hinh 11. Minh hoa qud trinh di dodn va tra vé két qua ciia mé hinh
e Qud trinh hudn luyén
- Buwoc 1. Dinh nghia mang (Define Network):
+ Khoi tao model chura céac tang
model = Sequential()
+ Thém c4c ting vao md hinh

model.add(Dense(10))
- Budc 2. Bién dich mang (Compile Network): Ham compile dung dé thuc thi bién dich
mang. Sir dung thuat toan tdi ru hoa adam, ham mat mat duoc dung dé phan loai nhiéu 16p
categorical_crossentropy.
model.compile(optimizer="adam’, loss="categorical_crossentropy’)
Thong tin vé d6 mat mat loss dugc hién thi & mdi lan hoc (epoch).

] - ETA: 8s - loss: 2.3823
] - 1s 7ms/step - loss: 2.3823
Epoch 2/166@

Hinh 12. Bién dich mang DNN
- Buéc 3. Fit Network: Ham fit duoc ding dé huan luyén mang
X 1a tap dit liéu dau vao, y 1a tap dir liéu nhén:
model.fit(X, y, batch_size=10, epochs=100, verbose=1)

e Qud trinh kiém thir
- Buoc 1. Banh gid mang (Evaluate Network): thuc hién ham evaluate véi X la tap die
liéu véc-to ddc trung, Y 13 nhin cua tap dir liéu. Két qua thu duoc chi s6 ton tht (loss) va do
chinh xac (accuracy).
loss, accuracy = model.evaluate(X, Y, batch_size = 10, verbose = 0)

- Buoc 2. Dy dodn (Make Predictions): véi X 1a dix liéu can duge model du doan va
predict 1a ham thyc hién du doan.
predictions = model.predict(X)
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3. Két qua va thio luin
3.1. Moi trwong thuc nghiém
Thyuc nghiém dugc thuc thi trén may PC CPU: Intel(R) Core(TM) i5-6500 CPU @
3.20GHz 3.19 GHz, RAM: 8.00 GB, hé diéu hanh Windows 10 Pro 64 bit, st dung ngdén
ngir 1ap trinh C# va Python 3.8.5, thu vién: EmguCV 4.5.4 va TensorFlow 2.7
3.2. Dirligu thuc nghiégm
- Pé danh gi4 hiéu qua cia mo hinh nhan dang, ching t6i st dung tap dit liéu anh chuan:
Tap dir lieu MNIST & dinh dang PNG c6 70000 hinh anh ki tu s6 viét tay gdm 10 chif sd tir
0-9 mdi hinh anh hinh anh tring den véi kich thudc 1a 28x28.
- Ngoai ra, chung t6i thu thap bd dir liu anh thyc té dugc sinh vién viét g@)m:
+ Tap dit liéu c6 1860 hinh anh gdm cac ki tu viét trén gidy vai mdi ki tw 1a 30 hinh anh;
+ Tap dit liéu c6 2170 hinh anh gdm cac ki tu viét bang phan mém Microsoft Paint véi
mdi ki tw 1a 30 hinh anh.
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Hinh 13. T4p dir liéu MNIST o dinh dang PNG
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Hinh 14. Tdp dir liéu viét trén gidy ciia sinh vién
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Hinh 15. Tdp di liéu viét trén Microsoft Paint ciia sinh vién
3.3. Két qud thuc nghigm

Gpen bage

Gpen Folder
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HOG 2304 leature values -
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y Features
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Hinh 17. Két qud nhdn dién Ki tw s6 viét tay trén irng dung
Két qua thuc nghiém ctia phuong phap dugc mo ta tai Hinh 17. Hiéu suét nhan dang
cua phuong phap duogc trinh bay trong Bang 1.
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Bing 1. Bé chinh xdc nhdn dang ciia phirong phdp dé xudt trén dit liéu thire nghiém

Téap dir liéu anh Téng s6 anh $6 anh S0 anh bo chinh\ xic
: : huan luyén kiém thi trung binh
MNIST 7000 5600 1400 95,56 %
Anh viét tay trén gidy 1860 1488 372 80.12%
Anh ki tu viét bing Ms Paint 2170 1736 434 81.45%

D6 chinh xic nhin dang ciia phwong phap dé xuat
trén dir liéu thwe nghiém
100

g5 55.56

S0

a5

s 51.45 =—g=D& chinh xdc trung binh

20 e
80.12

75

70
MNIST Anh viét tay trén gify  Anh ky tw vigt bing
s Paint

Hinh 18. Bé chinh xdc nhdn dang ciia phirong phdp dé xudt trén dit liéu thiee nghiém
Chung t6i so sanh d¢ chinh xé4c cia phuong phap dé xuat voi cong trinh nhan dang ki
tur s6 viét tay trong nhitng nim gan day(Reza, 2014) trong Bang 2. Két qua cho thiy phuong
phap d& xuat cta ching t6i 1a kha cao so véi cac cong trinh khéc.
Bing 2. So sanh dg chinh xdc nhdn dang giita phwong phdp dé xudt
va cdc phwong phap khdc trén bo dir lieu MNIST

Phwong phap Do chinh xac trung binh
Reza Ebrahimzadeh et al. (2014) 94,97%
Pham et al. (2019) 94,52%
Dé xuit ciia nhém tac gia 95,56%
Do chinh xic nhin dang cia cac cong trinh trén bo
dir liéu MINIST
" 958
B 95.6
= 954
= 952
e 95
= 948
=4 94.6
= 94.4
© 942
94
Ebr:ii;z%ﬁii va Pham Phi Quéc P& xudt coa nhém
céng s (2014) va cong su (2019) tac gia
g 1)G chinh xic trung binh 9497 54.52 95.56

Hinh 19. So sdnh d¢ chinh xdc ciia phwong phép d@é xudt
voi cac cong trinh khac trén bo dir lieu MNIST
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4.  Kétluan

Trong bai bao nay, phuong phap nhan dién ki tu s viét tay da duoc xay dung. Mot
mod hinh mang DNN dugc tao ra dé thyuc hién huin luyén dua trén két qua trich xuét dic
trung HOG két hop véi dic trung SIFT dé nhéan dién anh ki ty sb viét tay. Dua trén phuong
phap va mo hinh duoc dé xuét, thuc nghiém dugc xay dung va danh gia két qua. Két qua
thuc nghiém dugc so sanh vdi cac phuong phap khac trén cung mot tap dir liu anh da cho
thiy phuong phap dé xuat tuong ddi hiéu qua. Thyc nghiém ciing cho thdy tinh dung din
ctia mo hinh va cac thuét toan di dé xuat, do d6 phuong phéap nay c6 thé lam co s¢ dé phat
trién cac hé nhén dién chir sd viét tay va ing dung trong thuc té. Huoéng phat trién tiép theo
1a cai tién phuong phap huan luyén mang DNN, str dung mang CNN (Convolutional Neural
Networks) dé trich xuat dic trung va nhan dang tryc tiép nhim nang cao d6 chinh xac.

7

% Tuyén b6 vé quyén lgi: Céc téc gid xéc nhan hoan toan khéng cé xung dot vé quyén loi.
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ABSTRACT

In this paper, a method of handwritten digit recognition is proposed based on a deep neural
network (DNN). Firstly, the image dataset is extracted with HOG (Histogram of Oriented Gradient)
feature combined with SIFT (Scale-invariant feature transform) feature. Then, a DNN network model
is built and trained to recognize the image. Finally, the input image is automatically recognized
based on the trained model. To demonstrate the effectiveness of the proposed method, the experiment
was built and evaluated on the MNIST image dataset. The experimental results showed the feasibility
and effectiveness of the method while making it easier to expand to other handwritten recognition.

Keywords: digit image; handwritten digit recognition; DNN; SIFT; HOG
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