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Tém tit:

Gan day, bai toan nhan dang ky tu viét tay trd nén phé bién hon bdi nhitng ('ng dung da dang cla
nd. So vdi bai todan nhan dang cac chit s6 va chif cai ti€ng Anh viét tay, viéc nhan dang cac ky tu
ti€ng Trung viét tay Ia mot bai todn khé khan hon bdi nhiéu ly do. DE giai quyét dugc van dé nay,
bai bao trinh bay mot giai phap nhan dang ky tu ti€ng Trung viét tay dua trén kién tric mang noron
tich ch@p ndi tiéng LeNet-5. K&t qua thir nghiém trén tap dir liéu viét tay CASIA minh hoa kha ndng
du doan chinh xac ky tu ti€ng Trung viét tay trong khoang thai gian dudi 0,1 gidy.

T khoa:
Nhan dang ky tu, nhan dang ky tu ti€ng Trung, mang ngron, mang ngron tich chap.

Abstract:

Currently, because of its many applications, the handwritten character recognition problem is
growing in popularity. The task of recognizing handwritten Chinese characters poses more of a
challenge than that of recognizing handwritten numerals and English alphabets for a variety of
reasons. To solve this problem, the paper presents a handwritten Chinese character recognition
solution based on the famous convolutional neural network architecture Lenet-5. Experimental
results on CASIA handwritten datasets demonstrate the ability to accurately predict handwritten
Chinese characters for a period of fewer than 0.1 seconds.

Keywords:

Handwritten character recognition; handwritten chinese character recognition; neural networks;
convolutional neural network.

1. GIOI THIEU CHUNG d6i tir phét hién d6i twong va tao hinh anh
Véi su phat trién nhanh chéng cua cac  dén tao tho. Trong do, bai toan nhan dang
cdong nghé hoc sau (Deep Learning), vin ban ciing 1a mot vi du dién hinh vé
nhiéu bai toan lién quan dén nhan dang  viéc hoc cac dic trung cua dir liéu dau
mau (Pattern Recognition) di dat duoC  vao dugc thuc hién bai cac thuét toan hoc
nhiing cai tién dang ké. Céc bai toan thay  sau [1].

96 S6 31



TAP CHi KHOA HOC VA CONG NGHE NANG LUQONG - TRUONG DAI HOC PIEN LUC

Dé giai bai toan nhan dang van ban vi du
nhu nhan dang Ky tu viét tay, mang noron
tich chap (Convolutional Neural Network)
da tra thanh kién trac dién hinh duoc lya
chon trong linh vuc hoc sau va dugc s
dung rong rii. D3 co6 rat nhiéu nghién ciu
vé viéc str dung mang noron tich chap dé
nhan dang cac chit s6 viét tay, bang chir
céi tiéng Anh hoic bang chir cai Latinh
noi chung. Tuy nhién, so véi bai toan
nhan dang céc chir sb viét tay va bang chir
cai tiéng Anh, viéc nhan dang cac ky tu
tiéng Trung viét tay 1a mot nhiém vy kho
khan hon bai nhiéu Iy do. Pau tién, co
nhiéu ky tu tiéng Trung hon 14 céc chir s6
va ky tu tiéng Anh [2], [3]. Pé so s&nh, c6
10 chit s6 cho céc bai toan nhan dang chi
s6 thong thuong va c6 26 chir cai cho
tiéng Anh, trong khi c6 téng cong hon
50.000 ky tu tiéng Trung va khoang 3.000
ky tu trong s6 d6 duoc s dung hang
ngdy. Tha hai, hau hét cac ky tu tiéng
Trung c6 cau tric phuc tap hon nhiéu va
bao gom nhiéu nét hon so vdi cac chir s6
hoic ky tu tiéng Anh. Thi ba, phong céach
viét tay cho ky tu tiéng Trung rat khac
nhau, do su truyén dat tir thé hé nay sang
thé hé khac. Hon nita, su ton tai cua chit
viét tay ndi lién khién cho viéc nhan dang
tham chi con kho khan hon [4].

Nhan dang ky tu tiéng Trung viét tay
dugc tim thiy trong nhiéu tng dung,
chang han nhu phan loai thu, doc séc
ngan hang, ghi chi sach va ghi chi viét
tay. Do chinh x&c nhan dang ky tu cao la
diéu can thiét cho su thanh cong caa nhan
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dang vin ban viét tay [3]. Dwa vao su can
thiét cua viéc giai quyét cac bai toan trong
thuc té nay, bai bao trinh bay giai phap
dua trén mang noron tich chap LeNet-5
dé nhan dang ky tu tiéng Trung viét tay.
Két qua thir nghiém da cho thay rang giai
phap dua ra da nhan dang chinh xac cac
Ky tu yéu cau.

Phan con lai cia bai bao dugc to chiic
nhu sau. Muc 2 md ta giai phap nhan
dang ky tu tiéng Trung viét tay. Muc 3
kiém chiing giai phap va so sénh mé hinh
dua trén kién tric cua LeNet-5 trong giai
ph&p v&i mod hinh khi st dung céc siéu
tham s6 (Hyperparameter) ngau nhién.
Muc 4 dua ra két luan bai béo.

2. GIAI PHAP NHAN DANG KY TV
TIENG TRUNG VIET TAY

Tap dir liéu tiéng Trung viét tay duoc st
dung trong bai bao nay dugc xady dung
boi Phong nghién ctu Qubc gia vé nhan
dang mau thuoc Vién Ty dong hoa cua
Vién Han 1am Khoa hoc Trung Quédc
(CASIA). Cac mau dir lieu viét tay duoc
tao ra bai 1.020 ngudi viét sir dung bt
Anoto trén gidy, trong d6 tap dir liéu
HWDBI.1, duoc Viét boi 300 nguoi viét,
chira cac ky ty viét tay doc lap khoang
3.755 ky tu tiéng Trung cap 1 GB2312-80
va 171 chir s6 va ky hiéu [5]. Pé don
gian, 100 lép ky tu tiéng Trung trong
HWDB1.1 dugc sir dung dé kiém chiang
giai phap. Mot sé ky tu tiéng Trung viét
tay trong tap dir liéu huin luyén va thir
nghiém dugc minh hoa nhu trong Hinh .
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Hinh 1. M6 hinh mang noron tich chap dwa trén kién tric LeNet-5
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Hinh 2. Ky twtiéng Trung viét tay
trong tap dir liéu HWDB1.1
Dé nhan dang duogc ky ty tiéng Trung viét
tay, giai phap dugc dua trén md hinh
mang noron tich chap ndi tiéng LeNet-5.
Mo hinh nay, dugc dé xuat boi LeCun et
al [6], da dugc wng dung trong hang loat
c4c bai toan nhan dang [7] nhu chit s viét
tay trong tap dit lieu MNIST, ddi twong
trong tap dir liu CIFAR. M6 hinh dya
trén kién tric cua LeNet-5 dé nhan dang
tiéng Trung dwoc minh hoa nhu hinh 2.
Trong mo hinh nay, dau vao la cac anh
chir viét tay kich thudc 64x64 [4] va dau
ra 1a xac suat du doan anh dau vao tuong
ung vaoi Ky ty nao trong tap dir ligu. Mo
hinh gom 3 16p tich chap (Convolutional
layer), 2 16p tong hop (Pooling layer), 16p
Flatten dé chuyén cac ma tran nhiéu chiéu
thanh 1 chiéu, va 2 16p két ndi day da (FC

layer: Fully connected layer). Siéu tham
s6 tai cac lop nay duogc tong hop trong
bang 1. Bén canh d6, giai phap dugc so
sanh véi md hinh sir dung céac siéu tham
s6 ngiu nhién (goi 1a M6 hinh ngau
nhién), & minh chtng rang viéc lva chon
siéu tham sé dbi véi mot mé hinh mang
noron la vé cung quan trong. Gia sir mo
hinh ngau nhién va md hinh dya trén
LeNet-5 c6 sé lwong 16p, dit liéu dau vao,
kich thuéc 16p dau ra 13 nhu nhau. Khong
gian tim kiém cua céc siéu tham s cho
md hinh ngau nhién dwgc MO ta nhur trong
bang 1. Trong d6, mot sd siéu tham s
pho bién ddi véi ting 16p dwoc chon lam
tng ctr trong khong gian tim kiém nhu
kich thudc bo loc, 16p tong hop, ham kich
hoat, thuat todn téi wu nhu mo ta trong
bang 1.

Bang 1. Siéu tham sé cho mang noron
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tich chap
Mo \1s hinn
dua trén x .
LeNet-5 ngau nhién
S6 bo loc tai 6 S5 nguyén
lop C1 ngau nhién tur
Sé b loc tai 5 dén 150 véi
oy 16 buéc nhav 1
lop C3 udcC nhay
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S6 bo loc tai
16p C5 120
S6 noron tai
16p F6 84
Kich thuéc S0 nguyén
N . ngau nhién tu
bg loc tai > 3 dén 5 véi
CL,C3,C5 budc nhay 1
L6p tong Léptong | Lép téng hop
hop tai S2 hop trung trung binh
va S4 binh hoic 16n nhét
S4 noron tai
16p F7 100
ReLu hoac
Tanh hoic
Ham kich Hyperbolic | Sigmoid hoac
hoat tai C1, tangent Elu hoac
C3,Ch, F6 (Tanh) Linear hoac
Softplus hoac
Swish
Ham kich
hoat tai F7 Softmax
S6 thue ngau
nhién tir 1e-5
Hé sb hoc 0.01 dén 1le-2 véi
budc nhay le-
5
Ham mat .
mét Categorical cross-entropy
Adamax hoac
Thuéat toan Adam hoac
tdi wu SGD Nadam hoic
SGD

3. KET QUA THU NGHIEM

M hinh mang noron tich chap dugc xay
dung dya trén giao dién lap trinh Gng
dung Keras [8] va dugc thuc thi trén
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Google Colaboratory. Két qua minh hoa
la gia tri trung binh caa 100 lan chay doc
lap. P& md hinh c6 thé du doan duoc, dau
tién, md hinh duoc huan luyén véi khoang
25.000 hinh anh qua 200 epochs, sau do
dugc thu nghiém trén 5.000 hinh anh
(khéng thudc tap dix lisu duoc huin
luyén).

Hinh 3 va hinh 4 lan luot minh hoa gia tri
ham mat mat trén tap dir liéu huan luyén
va thtr nghiém. M@ hinh dura trén kién trtc
cua LeNet-5 d3 cho thdy rang ching cé
thé gan nhu hoi tu ké tir epoch thir 80 tro
di va khong bi hoc thudc (Overfitting) hay
hoc chua du (Underfitting). Trong khi d6,
md hinh st dung siéu tham s6 ngau nhién
da khong thé hoi tu véi gia tri ham mat
mét lién tuc dao dong. Piéu ndy dan dén
viéc nhan dang céc ky tu tiéng Trung viét
tay khong duoc chinh x&c. Hinh 5 minh
hoa d6 chinh x&c nhan dang céc ky tu viét
tay trén tap di liéu thar nghiém qua ting
epoch. Két qua chi ra rang, chi voi
khoang 80 epoch, giai phap nhan dang ky
tu tiéng Trung viét tay da dat do chinh
xac Ién téi 95%, trong khi d6, moé hinh
ngau nhién chi dat khoang 32%. Dbi véi
ting Ky tu tiéng Trung viét tay, sé luong
anh thir nghiém va do chinh xac nhan
dang d6i voi timg mé hinh dugc biéu dién
trong hinh 6. Khi sir dung mé hinh dua
trén LeNet-5, hau hét cac ky tu déu dat do
chinh xac nhan dang trén 80%, trong khi
st dyng md hinh ngau nhién chi dat
khoang 25% dén 40%. Mot khi md hinh
da duoc huan luyén, voi mdi anh dau vao,
mo hinh dua trén LeNet-5 chi can khoang
0,052 giay dé co thé tra vé két qua (dugc
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thuc thi trén Google Colaboratory duoc
trang bi NVIDIA Tesla T4 16GB GDDR6
PCle 3.0).
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4. KET LUAN

Bai bao nay da trinh bay giai phap nhan
dang ky tu tiéng Trung viét tay dwa md
hinh mang noron tich chap. M& hinh
trong giai phap nay dya vao kién tric
mang cua md hinh LeNet-5 di cho thdy
rang chi vai khoang 80 epoch huan luyén,
mo hinh da c6 thé phan loai chinh xac 1én
toi 95%. MO hinh dya vao LeNet-5 ciing
da duoc so sanh vai mo hinh s dung cac
siéu tham s6 ngau nhién trong cung diéu
kién nhu cung tap di liéu, cing sé lugng
I6p trong kién tric mang. Két qua ciia mo
hinh dua vao LeNet-5 di tra vé két qua
vuot troi so véi mo hinh ngau nhién. Tuy
nhién, dé cai thién d6 chinh xéac phan loai,
giai phap t6i wu siéu tham s la cha dé
hip din nén dugc ap dung vao cac md
hinh hoc sau. Giai phap nay nhim xac
dinh tap siéu tham sb tbi wu dé cai thién
hiéu suat caa mo hinh nhu do chinh xéc
phan loai, thoi gian tinh toan. Trong
tuong lai, giai phap téi wu siéu tham sd
ciing nhu giai phap nhan dang tiéng
Trung viét tay truc tuyén hay st dung md

thie nghiém
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hinh phuc tap trén tap di liéu 16n hon hay LO1 CAM ON

trién khai md hinh sau khi huan luyén trén  T4c gia chan thanh cam on s gop y va
céc thiét bi’ di dong Android, iOS, hay  h{ trg vé kjj thudt cia Thac si Nguyén
trén cac thiét bi nhang nhu Raspberry Pi Vin Cwong - Khoa Dién tir - Truong Pai
va vi diéu khién s& 1a mot chi dé nghién  hoc Cong nghiép Ha Ngi dé thuc hién
ctru day hira hen. nghién cizu nay.
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