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Tém tit: Trong linh vue xir Iy anh, nhdn dang méu la mot trong cdc thach thive 1ém nhdt cia cdc nha
nghién ciru trong nhitng nam qua. Muc tiéu ciia nhén dang mau la phat hién, trich chon cdc ddc trung trong dnh
dé phan logi cdc mdu vao cdc I6p khdc nhau. Mot bai todn néi tiéng trong linh vuee ndy la nhén dang chir sé viét
tay, trong dé méi chir s6 phai dwoc gdn vio mét trong 10 I6p sir dung mét s6 phicong phdp phdn loai. Muc dich
cia chiing t6i trong bai bdo nay la trinh bay mét phirong phap hoc sdau d@é so sanh véi cdc phwong phdp dwa trén
cdc ky thudt thong ké da c6 dé giai quyét bai todn nhdn dang chit sé viét tay. Ching téi sé xdy dung mé hinh
mang no-ron tich chdp sau voi viéc su dung nhiéu Iop khac nhau cua mang dé cé thé trich chon ty dong duoc
cde dic trung tot nhat trong anh. Pong thoi, ching téi ciing két hop gitta mang no-ron tich chdp va Multi-layer
Perceptron nham cdi thién hiéu suat ciia mé hinh. Chung toi da xdy dungcdc thuc nghiém sw dung tap dir liéu
MNIST va da dat dwoc do chinh xdc phan loai cao nhat la 99,34% va ty l¢ 16i la 0,74%. Cac két qua nay cho
thdy mé hinh dé xudt cia ching téi cho két qua cao hon so véi nhiéu mé hinh da xdy dung truée dé trén cing
tap dir liéu.

Tir khéa: Nhin dang chir s6 viét tay, mang no-ron tich chdp, multi-layer perceptron, phén logi.

1. Téng quan

Trong nhiing nim gan ddy, chung ta di dugc chimg kién nhiéu thanh tyu vuot bac
trong linh vuc xtr ly anh (image processing). Cac hé thong xur 1y anh 16n nhu Facebook,
Google hay Amazon dd dwa vao san pham ctia minh nhimng chirc nang thong minh nhu nhan
dién khudén mit ngudi dung, phat trién xe hoi ty 1ai hay drone giao hang tu dong. Mang no-ron
tich chap (Convolutional Neural Network - CNN) 1a mdt trong nhirng md hinh hoc sau (Deep
Learning) tién tién gitip cho chiing ta xy dung dugc nhimg hé thong théng minh véi d6 chinh
xac cao nhu hi¢n nay.

Céc bai toan nhan dang dang duoc ing dung trong thuc té hién nay tap trung vao nhan
dang mau, nhan dang tiéng néi va nhan dang chir viét... Nhan dang chir viét tay 1a bai todn
dugc quan tm rat nhiéu vi nd 1a mot trong cac yéu cau trong nhiéu tmg dung thuc té. Cac Gng
dung ciia nhan dang chir viét tay da va dang dugc ung dung vao doi séng nhu phuc vu cho
cong viéc tu dong hoa doc tai lidu, ting tde dd va hiéu qua nhap thong tin vao may tinh. Nhan
dang chir viét tay c6 thé phuc vu cho cac tmg dung doc va xtr Iy cac ching tir, hda don, phiéu
ghi, ban viét tay chuong trinh...

Hién nay, da c6 mot s6 dé tai nghién ctru nhan dang chit viét tay sir dung cdc mo hinh
nhu: K lang giéng gan nhit (K-Nearest Neighbor - KNN), may hd trg véc-to (Support Vector
Machine - SVM), mé hinh Markov an (Hidden Markov Model - HMM)... Tuy nhién, cic mo
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hinh nay cho két qua nhan dang khong cao, mat nhiéu thoi gian cho viée trich rit cac dic trung
trong anh. Chinh vi vy, trong nghién ctru nay ching t6i s& xay dung mot mé hinh méi dé co thé
trich rat ty dong cac dic trung trong anh va moé hinh méi ndy ciing phai cho két qua tot hon cac

mo hinh da xay dung trude do.

Tu nhiing thanh cong cua mang no-ron trong linh vuc xr ly anh, ching t61 séxay
dung moé hinh hoc may tién tién mang no-ron tich chip sau (Deep Convolutional Neural
Network - DCNN) két hop voi Multi-layer Perceptron (MLP) vao giai quyét bai toan nhan

dang chir sb viét tay.

Nhéan dang chir viét tay duoc thyc hién qua hai hinh thuc d6 1a nhan dang online va
nhan dang offline. Nhan dang online c6 nghia 13 may tinh s& nhan dang céc chit dugc viét 1én
man hinh ngay khi n6 dugc viét. P6i v6i nhitng hé nhan dang nay, may tinh s& luu lai cac
thong tin vé nét chit nhu thtr tu nét viét, hudng va téc do cua nét viét trong khi né dang duogc
viét. Con nhan dang offline tirc 1a viéc nhan dang dugc thuc hién sau khi chir da dugc viét hay

in Ién giéy 101, lac do thong tin dau vao 1a hinh anh vin ban hoac ky tu can nhan dang.

Trong khuon kho ndi dung bai bao nay, chung tdi chi xét hinh thirc nhan dang offline

cho céc chir sO viét tay.

2. Cac nghién ctru lién quan

Bai toan nhén dang chir viét tay dugc ung dung rat nhiéu trong thuc té, dugc tich hop
vao hé théng nhan dang form tu dong, tich hop trong cac may PDA c¢6 man hinh cam ung,
nhan dang chit ky... Do ¢6 nhiéu img dung quan trong nhu vay nén tir lau bai toan nhan dang
chir viét tay da thu hat sy quan tAm cta nhiéu nha nghién ctru. Nghién ctru cia Norhidayu va
cac tac gia [5] st dung cidc mo hinh phan loai SVM, KNN va mang no-ron. Két qua thuc
nghiém cho thay mé hinh sir dung thuét toan phan loai KNN cho két qua phén loai cao nhat 13
99,26%. Nghién curu cua Ana va céc tac gia [1] da st dung mo hinh nhi phan cuc bd (Local
Binary Pattern - LBP) nhu 1a mot bg trich xuét dic trung va bd phan loai KNN trén h¢ théng
nhan dang chir viét tay ctia ho trén mau C1 dugc sir dung bdi iy ban bau ctr & Indonesia.
Két qua thuc nghiém cho thdy phuong phap LBP c6 thé nhan dang ky tu chit sb viét tay trén
bd dir licu MNIST véi do chinh xac 89,81% va trén dir liéu C1 vdi do chinh xéac 1a 70,91%.
Souici-Meslati [8] trinh bay mot cach tiép can lai dé nhan dang s6 luong chir trén ngan phiéu.
Céc tac gia sir dung ba b phén loai chay song song: mang no-ron, KNN va Fuzzy K-nearest
neighbor. Cac két qua dau ra dugc két hop tir ca ba bo phan loai nay. Két qua thyc nghiém
trén bd dir liéu ctuia ho dat do chinh xéc 1a 96%. Burrow [7] 4p dung b phan loai KNN trén
tap dir li€u cua ho va tac gia dat dugc do chinh xac 1a 74%. Jason [3] sir dung md hinh mang
CNN voi1 viéc xay dung cac bo loc véi céac kich thudc khac nhau nham trich loc dugc nhiéu
thong tin hitru ich trong anh. Tac gia da xay dung thuc nghiém trén tap dir ligu MNIST va dat
duoc két qua cao véi do chinh xéac dat 99,31%.

Tur viéc phan tich cac nghién ctru trén, chung to61 nhan thay cac nghién ctru nay da su

dung nhiéu mé hinh khac nhau cling nhu xay dung cac thuc nghiém trén cac bd dir liéu khéc
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nhau. Tuy mang no-ron di dugc ap dung trong mot sé nghién ciru, nhung cau tric mang ciia
cac nghién ciru nay 1a tuong ddi don gian, chua khai thac hét cac tinh ning cia cac 16p trong
mang. Chinh vi vdy, trong nghién ctru nay chiing t6i mudn dé xuét xay dung mot moé hinh mai
v6i sy két hop cua cac 10p trong CNN véi Multi-layer Perceptron (MLP) nham dat duoc két

qua tot hon cho bai toan nhan dang chir sb viét tay.
3. Mang no-ron tich chép
Trong phan nay, chiing t6i trinh bay tém tat vé CNN va mot sd 16p thong dung nhét
cuia mang nay dung cho linh vuc xur ly anh.
3.1. Tich chap

Tich chap (convolution) dugc sir dung dau tién trong xur ly tin hiéu s (signal
processing). Nho vao nguyén 1y bién d6i thong tin, cac nha khoa hoc da ap dung ki thuat nay
vao xur 1y anh va video s6. Pé dé hinh dung, ching ta c6 thé xem tich chap nhu mot ctra sd
truot (sliding window) 4p dét [én mot ma tran. Hinh 1 minh hoa co ché cua tich chap.
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Hinh 1. Minh hoa tich chap

Ma tran bén trai 1a mot anh xam, mdi gia tri cia ma tran tuong duong véi mot diém
anh (pixel) c6 gia tri bién thién tir 0 dén 255. Sliding window con ¢6 tén goi 1a kernel, filter
hay feature detector. O day, ta ding mot ma tran filter kich thudc 3x3 nhan ting thanh phan
tuong tng vi ma tran anh bén trai. Gi tri dau ra do tich ciia cac thanh phan nay cong lai. Két
qua cua tich chap 1a mgt ma tran sinh ra tr viéc trugt ma tran filter va thuc hién tich chap

cung luc Ién toan bo ma tran anh bén trai.
3.2. M6 hinh mang no-ron tich chdp
Mo hinh CNN chi don gian gdbm mét vai layer ctia convolution két hgp voi cac ham

kich hoat phi tuyén nhu ReLU hay tanh dé tao ra thong tin & mirc triru twong hon cho céc

layer tiép theo.

Trong md hinh mang no-ron truyén thang (feedforward no-ron network), cac layer két
ndi truc tiép véi nhau thong qua mot trong sé w (weighted vector). Cac layer nay con dugc
goi 12 c6 két ndi dy du (fully connected layer) hay affine layer.

Trong md hinh CNN thi nguoc lai. Céac layer lién két dugc v6i nhau théng qua co ché

convolution. Layer tiép theo 1a két qua convolution tir layer truéc d6, nhd vy ma ta c6 duoc
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cac két ndi cuc bo. Nghia 1a mdi no-ron & layer tiép theo sinh ra tir filter ap dat 1én mot ving
anh cyc bo ctia no-ron layer truée d6. Mdi layer nhu vay dugc ap dit cac filter khac nhau,
thong thuong c6 vai trim dén vai nghin filter nhu vay. Mot s6 layer khac nhu
pooling/subsampling layer dung dé chit loc lai cac thong tin hitu ich hon (loai bé cac thong
tin nhiéu).

Trong sudt qua trinh huén luyén, CNN s€ tu dong hoc dugc céc thong s6 cho cac filter.
Vi du, trong nhi€ém vu phan 16p anh nhu dugc minh hoa trong hinh 2, CNN s& cd géng tim ra
thong sb t6i wu cho cac filter trong tng theo thir ty raw pixel > edges > shapes > facial >
high-level features. Layer cudi cuing duoc dung dé phan 16p anh.

Convolution Pooling Convolution Pooling Fully Fully Output Predictions
Connected Connected
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Hinh 2. Minh hoa kién triic CNN dung trong phén loai anh

CNN c6 tinh bat bién va tinh két hop cuc bd (Location Invariance and
Compositionality). Vi ciing mot ddi twong, néu dbi twong nay duge chiéu theo cic goc do
khéc nhau (translation, rotation, scaling) thi d§ chinh xac cua thuat toan s€ bi anh huéng dang
ké. Pooling layer s& cho tinh bit bién ddi voi phép dich chuyén (translation), phép quay
(rotation) va phép co gidn (scaling). Tinh két hop cuc bo cho ta cac cip do biéu dién thong tin
tir mirc do thap dén mirc d6 cao va triru tuong hon thong qua convolution tir cac filter. D6 1a
1y do tai sao CNN cho ra mé hinh véi do chinh xéc rat cao. Tiép theo, chung t6i s& trinh bay

chi tiét cac 16p trong mo hinh.
Convolutional Layer

Layer nay chinh 1a noi thé hién tu tuéng ban dau ciia CNN. Thay vi két ndi toan bo
diém anh, layer nay s& st dung mot tap cac bo loc (filters) co kich thudc nho so véi anh
(thuong 1a 5x5 hodc 3x3) 4p vao mot ving trong anh va tién hanh tinh tich chap gitra bo loc
va gié tri diém anh trong vung cuc bd do. BJ loc s€ 1an luot duge dich chuyén theo mot gia tri

budc trugt (stride) chay doc theo anh va quét toan bo anh.

Convolution kernel

Gia tri & feature map

Hinh 3. Tinh tich chip véi cac bg loc
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Nhu vay, vé1 mot buc anh 32x32 va mot filter 3x3, ta s€ co két qua la mot tam anh
moi c6 kich thudc 32x32 (v6i didu kién da thém padding vao anh gbe dé tinh tich chap cho
cac trudng hop filter quét ra cac bién canh) 1a két qua tich chap cua filter va anh. Véi bao
nhiéu filter trong 16p nay thi ta s& c6 bay nhiéu anh twong img ma 16p nay tra ra va dugc
truyén vao 19p tiép theo. Cac trong sé cua filter ban dau s& duoc khdi tao ngiu nhién va s&
dugc hoc dan trong qua trinh huin luyén moé hinh. Hinh 3 minh hoa ciia mot phép tinh

convolution va1 bd loc ¢d kich thude 3x3.
Rectified Linear Unit (ReLU) Layer

Layer nay thuong dugc cai dat ngay sau layer Convolution. Layer nay sir dung ham
kich hoat f(x) = max(0, x). N6i mt cach don gian, layer nay c6 nhiém vu chuyén toan bd giad
tri am trong két qua Iy tir 16p Convolution thanh gia tri 0. Y nghia ciia cach cai dat nay chinh
1a tao nén tinh phi tuyén cho mé hinh. Tuong ty nhu trong mang truyén thang, viéc xay dung
dua trén cac phép bién ddi tuyén tinh s& khién viéc xay dung da ting da 16p trd nén vo nghia.
C6 rét nhiéu cach dé khién mé hinh trd nén phi tuyén nhu sir dung cac ham kich hoat sigmoid,

tanh,... nhung ham f(x) = max(0, x) dé cai dt, tinh toan nhanh ma van hiéu qua.
Pooling Layer

Layer nay sir dung mot ctra s6 trugt quét qua toan bo anh dir liéu, mdi lan truot theo
mat budce trugt (stride) cho trude. Khac vai layer Convolution, layer Pooling khong tinh tich
chdp ma tién hanh léy mau (subsampling). Khi ctra s0 trugt trén anh, chi c6 mot gia tri dugc
xem 1a gia tri dai dién cho thong tin anh tai ving d6 (gia tri mau) duoc giir lai. Cac phuong
thirc 14y phd bién trong layer Pooling 1a MaxPooling (1iy gi4 tri 1on nhat), MinPooling (1iy
gia tri nho nhét) va AveragePooling (1iy gia tri trung binh).

Xét mot anh co kich thude 3232 va layer Pooling str dung bd loc c6 kich thudc 2x2
v6i budc truot stride 1a 2, phuong phép sir dung 1a MaxPooling. BO loc s& 1an luot trugt qua
anh, v&i mdi lan trugt chi co gia tri 16n nhat trong 4 gia tri ndm trong viing ctra s6 2x2 ciia bd
loc duoc giit lai va dua vao ma tran dau ra. Nhu vy, sau khi qua layer Pooling, anh s& giam
kich thudc xudng con 16x16 (kich thudc mdi chidu giam 2 1an).

Single depth slice
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Hinh 4. Tinh toan véi phuwong phap MaxPooling

Pooling Layer c6 vai tro giam kich thude dir liéu. V&1 mot bire anh kich thude 16n qua
nhiéu Pooling Layer s& dugc thu nho lai tuy nhién van giit duge nhing dic trung can cho viéc
nhan dang (théng qua cach ldy mau). Viéc giam kich thudc dit liéu s& 1am giam luong tham
s0, ting hiéu qua tinh toan va gop phan kiém soat hién twong quéa khop (overfitting).
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Fully Connected (FC) Layer

Layer ndy tuong tu v6i layer trong mang no-ron truyén thang, cac gié tri anh duogc lién
két ddy dii vao cac no-ron trong layer tiép theo. Sau khi anh dwgc xir 1y va rit trich dic trung
tir cac layer trude do, dit liéu anh s& khong con qua 16n so véi mé hinh truyén thang nén ta co
thé str dung mé hinh truyén thang dé tién hanh nhan dang.

3.3. Hoat dong ciia moé hinh CNN

Mo hinh CNN duogc hinh thanh bang cach két ndi cac layer néu trén lai voi nhau. M6
hinh bit dau v&i Convolutional Layer. ReLU Layer thuong dugc cai dit ngay sau
Convolutional Layerhozc tham chi két hop ca hai layer nay thanh mot layer. Cac layer tiép
theo c6 thé 1a Convolutional hay Pooling tily theo kién triic ma ta mudn xay dung. Cudi cling
s& 1a Fully-Connected Layer dé tién hanh phan 16p.

Output Layer
(10 outputs)

A

4. M0 hinh mang no-ron tich chip sau cho bai toan

Trong phan nay, chung toi s& xdy dung md hinh dé giai quyét

bai toan nhan dang chit sd viét tay. M6 hinh cua ching toi sé& 13 sy
két hop giita cac layer cia CNNvGi MLP. Trong d6, cac layer cia
CNN duoc dung dé chit loc thong tin trong anh nham xdy dung véc-
to dic trung dung dé phan loai anh. MLP déng vai trd nhu mot bd

MLP
(str dung nhiéu layer an)

> Dropout Layer
phan loai, nhan dau vao 1a véc-to diac trung xay dung boi cac layer (0.25)
ciia CNN va dau ra 1a cac két qua phan loai. Hinh 5 13 kién tric
chung ctia mo hinh chling t61 xay dung. Polling Layer
(2x2)

Ti€p theo, chiing t6i s€ mo ta cac layer cia mang cung véi
chtrc ndng cua moi layernay.

Convolutional Layer
(str dung nhicu filter)
cac anh can phan loai. Moi anh 1a mdt ma trdn xdm co kich 7 3

thudc n x n. Vi du, kich thudc cua anh 1a 28x28, khi d6 mdi

1. Layer dau tién ciia mang 1a mot Input Layer, layer nay chira

A x. Ny oan o e, , Dropout Layer
anh c6 784 phan tir, moi phan tir 1a mgt gia tri mac xam. 12035) Y
2. Layertiép theo ctia mang 1a mot Convolutional Layer dugc
goi 1a Conv2D. Layer ndy nhén du vao 14 cac anh tir 16p
. , Ar LA Polling Layer
Input. Trong Convolutional Layer, chung t61 st dung nhicu (2x2)
filter voi kich thudc bang nhau dé quét trén anh dau vao (tir Input

layer) va tao ra cac anh xa dac trung cho anh. Sau Convolutional
Layer, chung t61 ciing st dung ham kich hoat ReLU.

Convolutional Layer
(sir dung nhiéu filter)

3. Tiép theo, chiing t6i dinh nghia mot Pooling Layer c6 gia tri 7'y
t6i da dugc goi 1a MaxPooling2D. Layer nay nhan dau vao la

Input Layer

két qua cua Convolutional Layer & trén va nd thuc hién chat (1xnx1)

loc lai thong tin, loai bo thong tin nhiéu trude khi truyén cho
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sir dung ctra s6 véi kich thudce pool size 1a 2x2 dé lay gia tri
16n nhét trong 4 gi4 tri ma ctra s6 nay quét qua trén ma tran
dau ra cua Convolutional Layer.

Sau Pooling Layer, chiing t61 st dung mot Dropout Layer voi

Hinh 5. M6 hinh
DCNN cho bai toan
nhan dang chir sb
viét tay



gia tri Dropout dugc thiét 1ap 1 0,25. N6 dugc cau hinh dé loai trir ngdu nhién 25%
tong sd cac no-ron trong layer dé giam van dé overfitting.

5. Pé chat loc duoc nhiéu théng tin hiru ich tir anh, ching t6i xdy dung mang CNN siu
hon bang cach bd sung thém mot sb layercia mang, chung bao gdm céc layer sau:
Convolutional, Pooling, Dropout. Trong d6, Convolutional Layer s& st dung nhiéu
filter vi kich thudc bang nhau, Pooling Layer sir dung cira s6 véi kich thudc pool size
la 2x2, Dropout Layer véi gia tri Dropout 1a 0,25.

6. Tiép theo, chiing t61 sir dung mot layer chuyén ddi dir liéu ma tran 2D thanh mot
véc-to goi 1a Flatten. Két qua chung toi thu dugc mot véc-to cac gia tri dic trung cia
anh, véc-to nay phii hop véi dinh dang dau vao cia mot MLP.

7. Sau khi thu dugc véc-to dac trung cua anh qua céc layer cua CNN, chtng t61 st dung
MLP lam b6 phan loai dé phan loai anh. MLP ctia chiing t6i sir dung nhiéu layer an
v6i s6 no-ron duoc cau hinh trong qué trinh thuc nghiém. Do day 13 nhiém vu phan
loai da 16p (10 16p) nén dau ra cia MLP chung t6i st dung 10 no-ron va mot ham kich
hoat softmax dé dua ra cac du doan 1a cac gia trj xac suat cho mdi 16p.

5. Thuc nghiém
5.1. Tap div ligu

Trong phan thyc nghiém, ching toi sir dung tap dir licu MNIST (Yann LeCun,
Corinna Cortes va Christopher, 1989). Day la tap dir liéu thuong dung dé danh gia hiéu qua
clia cacmo hinh nhan dang ky tu s6 viét tay. Tap dit liéu MNIST c6 ngudn gdc tir tap NIST do
t6 chtrc National Institute of Standards and Technology (NIST) cung cap, sau d6 duoc LeCun
cap nhat va chia thanh 2 tap riéng biét:

Tap dir liéu huan luyén gdm c6 60.000 anh kich thudc 28x28 cua chir s6 viét tay duogc
ding cho viéc huin luyén mé hinh hoc may. Tat ca cic anh trong tap dir liéu déu duoc cin
chinh va bién d6i thanh dir liéu dang diém gdm 60.000 phan tir (ky tu sO) c6 784 chiéu la gia
trj mirc xam ctia cac diém anh, 10 16p (gia tri tir 0 d&én 9).

Tap dit liéu kiém tra gdbm c6 10.000 anh cua chir sé viét tay dugce dung cho viéc kiém
thir. Cac anh trong tp dir liéu kiém tra ciing duoc bién ddi va can chinh thanh dir liéu diém
gdm 10.000 phan tir trong 784 chiéu, 10 16p (gia tri tir 0 dén 9). Hinh 6 1a vi du vé& mot s6 mau
cua tap dir ligu.

label =5 label = 0 label = 4 label = 1 label = 9
label = 2 label = 1 label = 3 label =1 label = 4
label = 3 label = 5 label = 3 label = 6 label = 1
label = 7 label = 2 label = 8 label = 6 label = 9

Hinh 6. Vi du vé mét s6 miu cia tap dir liéu MNIST
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5.2 Chudn bi dit ligu cho hudn luyén mé hinh

bé tai tap dir licu MNIST vé may tinh, chung t61 st dung thu vién hoc sau cua Keras.
Tap dir liéu duoc tai xuéng tu dong lan dau tién dugc goi va luu trir trong thu muyc chinh cua
ngudi ding trong ~/.keras/datasets/mnist.pkl.gz dudi dang mot tép tin. Piéu nay rat thuan tién
cho viéc thyc nghiém cac mo hinh hoc may. O day, ching t6i sir dung doan chuong trinh nhu

da dugc viét trong [3] dé dé tai xudng va dwa ra 2 hinh dnh dau tién trong tap dir lidu kiém tra.
import numpy

from keras.datasets import mnist

import matplotlib.pyplot as plt

X train, y train), (X test, y test) = mnist.load data()
plt.subplot(221)

plt.imshow(X test[0], cmap=plt.get cmap(‘gray’))
plt.subplot(222)

plt.imshow(X test[1], cmap=plt.get cmap(‘gray’))
plt.show()

Thyc thi doan chuong trinh trén, tap dit liéu MNIST s€ duoc tai va luu trit trén may
tinh. Dong thoi, chuong trinh ciing dua ra 2 hinh anh dau tién cia tap dir liéu kiém tra. Két
qua minh hoa trong hinh 7.
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Hinh 7. Vi du vé 2 miu di liéu tir tip dir liéu kiém tra ciia MNIST

5.3. Xdy dung va huén luyén mé hinh

Sau khi dir lieu MNIST da dugc tai vé may tinh, ching toi s& huan luyén mot mo hinh
DCNN trén tap dir liéu nay. Trong phan ndy, chung toi s& xdy dung mot DCNN bang cach két
hop céac 16p cia CNN v6i MLP (nhu da dugce trinh bay trong muc 4).

Trong céac thuc nghiém, ching toi xdy dung mo hinh véi viée dp dung mot s thuat
toan toi wu hoa va thiét 1ap cac gia tri muc hoc (learning rate) khac nhau. Ching toi ciing thiét
lap kich thudc cho cac filter 1an luot 1a 5x5 va 3x3. Dudi ddy 1a mé hinh huan luyén véi viée
str dung ham 13i logarithmic, thuat toan toi wu hoa adam va gié tri learning rateduoc thiét 1ap
1a 0,01.

def DCNN1_model(model = Sequential()

model.add(Conv2D(64, (5, 5), input_shape=(1, 28, 28), activation = ‘relu’))

model.add(MaxPooling2D(pool_size=(2, 2)))

model.add(Dropout(0.25))
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model.add(Conv2D(32, (3, 3), activation= ‘relu’))
model.add(MaxPooling2D(pool size=(2, 2)))
model.add(Dropout(0.25))

model.add(Flatten())

# MLP with 3 hidden layer

model.add(Dense(375, activation='relu'"))
model.add(Dropout(0.25))

model.add(Dense(225, activation="relu'))
model.add(Dropout(0.25))

model.add(Dense(135, activation="relu'))
model.add(Dropout(0.25))model.add(Dense(10, activation= ‘softmax’))
model.compile(loss= ‘categorical crossentropy’, optimizer=
‘adam’,optimizer params={'learning_rate":0.01},
metrics=['accuracy']

return model

5.4. Danh gid mo hinh

Pé danh gia hiéu suat ciia md hinh di xay dung, chiing toi str dung tap dir liéu kiém tra
nhu da duogc trinh bay trong muc 5.1. Chung t61 danh gia mo6 hinh v&i cac gia tri epoch 1a 10
va batch size la 256.

model = DCNN1_model()

model.fit(X_train, y train, validation data=(X test, y_test), epochs=10,

batch_size=256, verbose=2)

scores = model.evaluate(X test, y test, verbose=0)

print("DCNNI1 Error: %.21%%" % (100-scores[1]*100))

Khi thuc thi chuong trinh, d0 chinh xac cia mo6 hinh huan luyén s€ dugc in ra theo
ting epoch va & cudi 16i phan loai ciing dugc in ra. Bang 1 tom tit do chinh xac phan loai, ty

1¢ 15i va thoi gian trung binh khi thyc thi mé hinh véi cac cau hinh mang khac nhau.

Bang 1. Cic két qua thyue nghiém véi cic cAu hinh mang khac nhau

Céu hinh mang Két qué phan loai Thoi gian trung
S6 filter trong mdi Ham tbi Mike hoc Pj chl'lrlh xdc | Ty1813i | binh thye hién 1
Convolutional Layer uu héa ) cao nhat (%) (%) epoch (gidy)
32; 16 sgd 0,01 96,85 3,13 402,1
32; 16 adam 0,01 99,20 0,80 367,8
32; 16 adam 0,05 99,15 0,85 386,0
32; 16 adam 0,001 99,06 0,94 397,2
32; 16 adam 0,005 99,09 0,91 463,0
64; 32 adam 0,01 99,34 0,74 844,5

Tir cac két qua thyc nghiém cho thdy, mé hinh chiing t6i xay dung dat két qua phan
loai cao nhat véi do chinh xéac 13 99,34% va ty 1€ 16 thép nhéat 1a 0,74% khi st dung céc filter
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v6i sb lugng tuong tng 13 64 va 32, ham tdi wu hoa adam, mic hoc 13 0,01. Hinh 8 1a két qua
khi danh gia mo6 hinh nay & mdi gia tri epoch khac nhau.

Model Accuracy Model Loss

— Train 0.40 — Train

Hinh 8. D chinh x4c va ty 1¢ 16i & mdi epoch khi danh gia mé hinh
Chuing t6i cling thyc hién so sanh két qua nghién ctru cta ching toi véi cac két qua
nghién ctru trudc d6 trén cliing tap dit liéu huan luyén va kiém tra. Bang 2 trinh bay cac két
qua so sanh nay.

Bing 2. So sanh véi cic két qua nghién ctru khac

Nghién ctru ciia tac gia Do chinh xéic cao nhit (%) Ty 18 16i (%)
Jason Brownlee [3] 99,31 0,82
LeCun va cac tac gia [6] 0,95
Kasun va céc tac gia [4] 99,03 0,97
Hinton va cdc tac gia [2] 1,25
Tapson va cac tac gia [9] 96,00 1,52
Tapson va cac tac gia [10] 90,00 2,75
Norhidayu va céc tac gia [5] 99,26
Nghién ctru cua chiing t6i 99,34 0,74

Tir két qué so sanh trong Bang 2 cho thdy mé hinh dé xuét ciia chiing toi cho hiéu qua
cao hon so véi cac mo6 hinh da dugc xay dung gan ddy. Mo hinh ciia chung t6i dat d6 chinh
xac phan loai 14 99,34% va ty 1¢ 18i thap nhat 1a 0,74%.

Tuy nhién, trong cac thuc nghiém ching t6i ciing thdy ring thoi gian dé huan luyén
md hinh ting dang ké khi ting sd luong cac filter trong mdi ConvolutionalLayer. Cu thé khi
sir dung céc filter voi s6 lugng 1a 32 va 16 trong cac Convolutional Layer, md hinh s& mét
khoang 367,8 gidy cho mdi epoch, trong khi ting sd filter 1én 64, 32 thi thoi gian cho mdi
epoch 1a khoang 844,5 gidy. Nhu vay, dé dat dugc két qua cao thi doi hoi phai mat nhiéu thoi

gian dé huan luyén mo hinh.

6. Két luan va huéng phat trién

Trong bai bao nay, chung toi di dé xuat phuong phap moi nham giai quyét bai toan
nhan dang chir s6 viét tay. Chung t6i da xay dung mé hinh hoc sau véi viée két hop cac 16p
cua CNN vo1 MLP. Trong do6, cac 16p cia CNN c6 chirc nang nhu mdt bd trich tron cac dac
trung anh mot cach ty dong. MLP ¢6 chiic nang 1a mdt bg phan loai, né nhan dau vao 1a véc-to
dic trung sinh ra sau cac 16p cia CNN va cho két qua 1a cac gia tri phan loai (10 16p). Chiing
t6i sir dung tap dit liéu chir sé viét tay thong dung MNIST dé huan luyén va danh gia mé hinh
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de xuat. Cac két qua khi huan luyén va kiém tra m6 hinh da chimg minh rdng dé xuat cua

ching t6i cho két qua phan loai cao hon so véi nhiéu nghién ciru trude d6 trén cung tap dir
liéu. Tir thanh cong budc dau trong viée ap dung hoc sdu vao giai quyét bai toan nhan dang

chit s0 viét tay, chung t6i s& m¢ rong bai toan dé co thé nhan dang duoc tat ca cac ki tu chiv

viét tay.
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HANDWRITTEN DIGIT RECOGNITION BASING ON
DEEP CONVOLUTIONAL NEURAL NETWORK

Nguyen Van Tu, Hoang Thi Lam, Nguyen Thi Thanh Ha
Tay Bac University

Abstract: In the field of image processing, pattern recognition has been one of the greatest challenges of
researchers in recent years. The goal of pattern recognition is to extract the features of the image to classify the
samples into different classes. A well-known problem in this area is the handwriting digit recognition, in which the
digits must be assigned to one of the 10 classes using some classification method. Our aim in this paper is to
present a deep learning method instead of existing statistical techniques to solve the problem of handwritten digit
recognition. We built a deep convolution neural network model with multiple layers of the network to automatically
extract the best features from the image. At the same time, we also combined convolutional neural networks and
Multi-layer Perceptron to improve the performance of the model. The experimental results obtained on the dataset
MNIST gave the highest accuracy of 99,34% and the error rate of 0,74%. These results show that our proposed

model yields is much higher than previous models on the same dataset.

Keywords: Handwritten digit recognition, convolution neural network, multi-layer perceptron,

classification.
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