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TOM TAT

Gan day, giai phap phan loai chit Han viét tay dua trén mang ng-ron tich chdp
da trd nén phd bién va dat dugc mot s6 thanh cong ndi bat. Tuy nhién, dé dat dugic
mang na-ron tich chap vdi kha nang phén loai chinh xac cao, cac siéu tham sg cho
cac mang nay can dugc dugc toi uu. Dya trén kién trdc mang ng-ron tich chdp
LeNet-5, bai bdo nay trinh bay gidi phdp phan loai chif Han viét tay dya trén mang
no-ron tich chap véi su hd trg cla phuong phap t6i uu siéu tham so Hyperband.
Két qua thir nghiém da cho thdy md hinh mang vdi s ho trg clia téi uu siéu tham
50 da dat dugc do chinh xac trén tap dii liéu kiém thi 1&n t6i 96%, cao hon d chinh
xac dua trén md hinh LeNet-5 va m hinh vdi siéu tham s6 ngau nhién.

Tirkhéa: Phan logi chit Hdn viét tay, CNN, t6i uu siéu tham so.

ABSTRACT

Recently, handwritten Chinese character classification solutions based on
convolutional neural networks have become popular and achieved some
outstanding successes. However, to achieve convolutional neural networks with
high classification accuracy, the hyperparameters for these networks need to be
optimized. Based on LeNet-5 convolutional neural network architecture, this
paper presents a solution for handwritten Chinese character classification based
on convolutional neural network with the support of Hyperband hyperparameter
optimization method. Experimental results have shown that the network model
with the support of hyperparameter optimization has achieved accuracy on the
test data set up to 96%, higher than the model based on the LeNet-5 model and
the model with random hyperparameters.
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1. GIGI THIEU

Mot trong nhitng mang quan trong nhét trong linh vuc
hoc sau la mang nag ron tich chap (CNN: Convolutional
Neural Network). Viéc CNN dat dugc nhiing tién bd dang chu
y trong nhiéu linh vuc, bao gém nhung khéng gidi han & thi
gidc may tinh va xt ly ngén ngir tu nhién, da thu hut dugc
rat nhiéu su quan tam ti ca doanh nghiép va gidi hoc thuat
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trong nhiing ndm gan day. Moi ngudi da cé thé dat dugc
nhiing diéu ma trugc day dugc cho la khéng thé, bao gom
nhan dang khuén mat, xe khéng ngudi 1ai, siéu thi tu phuc
vu, phuang phap diéu tri y t€ thong minh va phan loai mau
nhd thi gidc may tinh dya trén CNN [1].

Lép tich chap, 16p téng hap va 16p két néi day da (FC:
Fully Connected) la cac thanh phan co ban cia mé hinh
CNN. N6 c6 thé hoan thanh hiéu qua nhiéu tac vu khac nhau
bang cach xép chéng céac I6p nay mot cach hgp ly trong moét
mang sau. Tuy nhién, bat ky hiéu nang nao ctia CNN déu bi
anh huéng 16n béi cac siéu tham s6 bao gém s6 luong |6p
tich chap, s6 lugng bo loc, kich thuéc cta bé loc, budc
trugt,... [2]. Kiém thi thd cdng cac siéu tham sé 1a mét cach
théng thusng dé xac dinh cac siéu tham sé thich hgp nhdm
thu dugc cac m6 hinh CNN hiéu suét cao. Tuy nhién, do mét
sO ly do, bao gém nhiéu siéu tham s6, mé hinh phuc tap,
danh gid mé hinh t6n thgi gian va sy tuong tac siéu tham sé
phi tuyén tinh, viéc diéu chinh tha cong khong con hiru
dung trong nhiéu bai toan thuc té. Nhitng yéu t6 nay da thuc
ddy nhiéu nghién ctiu han vé cac ky thuat tu dong téi uu siéu
tham s6, thuong dugc goi la t6i uu siéu tham s6 (HPO:
Hyperparameter Optimization). Muc tiéu chinh ctdia HPO la
tu déng héa qua trinh diéu chinh siéu tham sé va cho phép
ngudi dung trién khai thanh cong cdc mé hinh CNN vdi siéu
tham s6 t6t nhat cho cac bai toan trong thé giéi thuc [2-4].

Phan loai ch{r Han viét tay dugc sir dung trong nhiéu ting
dung, chdng han nhu phan loai thu, doc séc ngan hang, ghi
chu sach va ghi cha viét tay. D6 chinh xac phan loai ky tu cao
la diéu can thiét cho su thanh cong cta phan loai van ban
viét tay [5]. Vi vay, bai bao tan dung giai phap t6i uu siéu
tham s6 Hyperband [6, 7] dé tim ki€m siéu tham s6 t6i uu
cho kién tric cia mé hinh Lenet-5 sao cho d6 chinh xac
phan loai chit Han dat dugc d6 chinh xac cao nhat.

2. GIAI PHAP PHAN LOAI CHU HAN VIET TAY VOI SU HO
TRGO CUA TOI UU SIEU THAM SO

Tap dit liéu chit Han viét tay, dugc st dung trong nghién
clu nay, dugc xay dung béi Phong nghién ciru Quéc gia vé
phan loai mau thudc Vién Tu dong hoa cta Vién Han lam
Khoa hoc Trung Quéc (CASIA). Cac mau di liéu viét tay duoc
tao ra bai 1.020 ngudi st dung but Anoto trén gidy. Trong s6
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do, tap di lieu HWDB1.1 dugc viét bai 300 ngusi va chia
khoang 3.755 chi{r Han cap 1 GB2312-80 va 171 chit s6 va ky
hiéu [8]. P& don gian, ching t6i chon s dung 100 16p chir
Han tur tap da liéu HWDB1.1 dé kiém chiing gidi phéap. Hinh
1 minh hoa mét s6 chir Han viét tay trong tap dit liéu huan
luyén va th& nghiém.

xie 1%

Hinh 1. Chit Han viét tay trong tap dif liéu

Pé phan loai dugc chit Han viét tay dua trén mé hinh
mang nao-ron tich chap co6 hiéu sudt cao nhat, giai phap toi
uu siéu tham s Hyperband sé dugc ap dung vao mé hinh
LeNet-5. Hyperband la mot bién thé clia phuong phap tim
kiém ngau nhién, nhung vdi moét sé ly thuyét kham pha-khai
thac (explore-exploit) d€ tim ra cach phan bé thai gian tét
nhat cho tling tap cdu hinh siéu tham sé. Day la mot phuong
phép gidm mét nla lién ti€p va nguyén tac hoat dong cua
phuong phap dugc mé ta qua vi du sau day:

- Lay mau ngau nhién 64 tap siéu tham sé trong khéng
gian tim kiém.

- Danh gia sau 100 lan 13p lai sy mat xac nhan cuda tat ca
nhing diéu nay.

- Loai bo nhiing tap siéu tham s6 c6 hiéu suat thap nhat
va chi gil lai mot nira.

- Chay nhiing tap siéu tham s6 dugc git lai trong 100 lan
1ap nira va danh gia.

- Tiép tuc lugc bo di mét nia tap siéu tham so.

- Chay nhirng cai tap siéu tham sé t6t trong 200 lan lap
nla va danh gid.

- Lap lai cho dén khi chi con mot mé hinh duy nhat.

Mé hinh mang ng-ron tich chap néi tiéng LeNet-5 dugc
dé xuat bai LeCun va céng su [9] da dugc ting dung trong
hang loat cac bai toan phan loai [10] nhu chit s6 viét tay
trong tap dit liéu MNIST va déi tugng trong tap di liéu CIFAR.
Mé hinh dugc thiét k& dua trén kién truc ciia LeNet-5 dé thuc
hién phan loai chir Han viét tay va dugc minh hoa trong hinh
2. Trong cau trdc nay, dau vao la anh chir viét tay cé kich
thudc 64x64, va dau ra la xac suat dy doan vé ky tu tuong
Ung trong tap da liéu. Md hinh bao gom 3 18p tich chap, 2
I6p téng hop, 16p chubi dit liéu dé chuyén d8i ma tran nhiéu
chiéu thanh moét chiéu va 2 16p két néi day da. Tuong duong
vdi kién trac LeNet-5, mé hinh ngau nhién va mé hinh can
t6i uu hoa siéu tham s6 cling 6 cling s6 lugng 16p, d liéu
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dau vao va kich thudc 16p dau ra. Cac siéu tham s6 chung
cho méi 16p, nhu kich thuéc bé loc, 16p téng hop, ham kich
hoat va thuat toan téi uu, dugc chon trong khéng gian tim
kiém, nhu mo ta chi tiét trong bai bao nay. Biéu nay bao gém
viéc xac dinh céc thong sé nhu kich thuéc b loc, cach thic
téng hop d liéu, loai ham kich hoat va thuat toan t8i uu dé
dam bao tinh hiéu qua ctia m6 hinh. Siéu tham s6 tai cac I6p
nay déi véi mé hinh LeNet-5, khong gian tim kiém d6i vai
mo hinh ngau nhién va mo hinh dua trén Hyperband dugc
téng hgp trong bang 1. Mé hinh dugc hé trg bdi qué trinh
t6i uu siéu tham s6 (dugc goi la mé hinh dua trén HPO) dugc
5o sanh v6i mé hinh st dung céc siéu tham sé ngau nhién,
dugc goi la m6 hinh ngau nhién. Diéu nay nham chiing minh
rang qua trinh lya chon siéu tham s d6i véi mot mé hinh
mang ng-ron c6 tdm quan trong 1én.
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3. KET QUA THU NGHIEM

Mé hinh mang no-ron tich chap dugc xay dung dua trén
giao dién lap trinh tng dung Keras [6, 7] va dugc thuc thi trén
Google Colaboratory véi GPU NVIDIA Tesla T4 16GB GDDR6
PCle 3.0. Bai bao nay st dung phuong phap téi uu siéu tham
s6 Hyperband dugc tich hgp trong Keras Tuner dé t&i uu siéu
tham s6 trong mé hinh LeNet-5. Két qua dugc biéu dién dudi
dang gié tri trung binh ctia 100 1an chay doc lap. D€ ddm bao
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kha ndang du doan ctia mé hinh, qua trinh huan luyén dugc
thuc hién véi khoang 25.000 hinh anh véi 200 epochs. Sau
d6, mé hinh dugc kiém thir trén 5.000 hinh anh khéng thudc
tap dit liéu hudn luyén dé danh gia hiéu suat cta né.

Bang 2. Siéu tham s t6i uu
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Sau khi ap dung phuaong phap téi uu siéu tham sé
Hyperband, siéu tham t&i uu dugc téng hgp nhu trong bang
2.Qua tiing epoch, sai s6 trén tap di liéu huan luyén va kiém
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th{r 1an lugt dugc minh hoa trong hinh 3 va 4. C6 thé thay
rang, chi vGi 20 epoch, mé hinh véi su ho trg clia phuong
phap Hyperband (dugc goi Ia mé hinh dua trén HPO trong
bai bdo nay) da gan nhu héi tu, trong khi mé hinh LeNet-5
can khoang 80 epoch dé héi tu. Bén canh d9, gia tri sai s6
cGia md hinh dua trén HPO da dat gia tri nhé han moé hinh
LeNet-5. Trong khi d, mé hinh st dung siéu tham sé ngau
nhién da khong thé hoi tu véi gia tri ham sai s6 lién tuc dao
doéng qua ting epcoh; diéu nay dan dén viéc phan loai cac
ch{ Han viét tay khong dugc chinh xac.
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ra rang, mac du moé hinh dua trén HPO va mé hinh LeNet-5
dau dat d6 chinh xac 100% trén tap da liéu hudn luyén lan
luot sau 20 va 80 epoch, nhung dd chinh xac trén tap dit liéu
ki€ém th{r clia hai mé hinh nay la khéng giéng nhau. Cu thé,
chi véi khodng 20 epoch trén tap dii liéu kiém th, mé hinh
dua trén HPO da dat d6 chinh xac |én t&i 94%, trong khi do,
mo hinh LeNet-5 chi dat khodng 62%. Sau khi hdi tu, mo6 hinh
dua trén HPO dat khodng 96%, trong khi d6 mé hinh LeNet-
5 dat khoang 91%. Bén canh d6, m6 hinh ngau nhién chi dat
dd chinh xac phan loai khodng 30% sau 200 epoch. Diéu nay
néi lén rang, lua chon siéu tham sé phu hop hay véi su hé
trg cda téi uu siéu tham s, méd hinh mang no-ron tich sé co
thé dat dugc hiéu suat cao nhat cé thé. Pai vdi tiing chit Han
viét tay, s6 lugng anh thi nghiém va do chinh xac phan loai
déi véi tiing mé hinh dugc biéu dién trong hinh 7. Khi s
dung mo6 hinh dua trén HPO, hau hét cac ky ty déu dat do
chinh xac phan loai trén 90%, trong khi d6, mé hinh LeNet-5
va mé hinh ngau nhién lan luot chi dat trén 80% va dat trong
khoang 25% dén 40%.
4, KET LUAN

Bai bao nay da trinh bay giai phap phan loai chir Han viét
tay dua trén mé hinh mang no-ron tich chap véi su hé trg
cla phuong phap t6i uu siéu tham sé Hyperband. Mé hinh
dua trén t6i uu siéu tham s6 da dugc so sanh véi mé hinh
LeNet-5 va mo hinh vdi siéu tham sé ngau nhién. Két qua
kiém thdr da cho thdy rang, mé hinh dua trén HPO da dat
dugc doé chinh xac trén tap dit liéu kiém tha 1én t&i 96%, cao
hon d6 chinh xac dua trén mé hinh LeNet-5 va mé hinh véi
siéu tham s6 ngdu nhién. Bén canh do, chi véi khoang 20
epoch, mé hinh dua trén HPO ciing cho thay ching c6 téc
d6 hoéi tu nhanh han hai mé hinh con lai. Trong tuong lai,
nghién ctu vé giadi phap t6i uu hoa siéu tham sé cling nhu
phuang phap phan loai chir Han viét tay truc tuyén hoac st
dung mo hinh phurc tap trén cac tap di liéu 16n hon dong
thoi trién khai mé hinh sau khi dugc huan luyén trén cac
thiét bi di ddong nhu Android, iOS, hodc trén cac thiét bi
nhdng nhu Raspberry Pi va vi diéu khién, hia hen sé 1a mot
dé tai nghién ctu day tiém nang.
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