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Tém tit:

Bai bdo phdat hién va nhdn dang dnh ky tw viét tay sic dung mang novon tich chdp (CNN —

Convolutional Neural Network) va cdc gidi thudt xw Iy dnh. Dong gop chinh cua bai bao la néu mot

phirong phdp nhén dang ky t Latinh viét tay sir dung mang novon tich chdp. Dik liéu thir nghiém nhén

dang dwoc ldy tir bg co s dir liéu ky tw mdu viét tay Vién Tiéu chudn, Ky thudt Quéc gia Hoa Ky (NIST).

Két qua qua thir nghiém nhdn dang ky tw viét tay dat dg chinh xdc kha quan.

Tir khoa: Mang noron hoc sau, mang noron tich chap, nhan dang ky tuw viét tay.

1. Giéi thiéu

Nhan dang ky ty quang hoc (Optical
Character Recognition: OCR) 1a qua trinh xt 1y,
chuyén ddi anh céc ky tu viét tay hodc ky tu danh
may thanh cac dit liéu da dugc s6 hoa sau d6 trich
chon dac trung va nhan dang. Thuc té cho théy, ti
1¢ nhan dang cac ky ty danh may cta nhiéu hé
théng su dung mang hoc sdu hién nay dat do
chinh xac t&i 99% [8]. Tuy nhién, viéc nhan dang
ky tu viét tay hién nay 14 bai toan chwa c6 phuong
phap giai quyét triét dé va van l1a mot thach thirc
dbi véi cac nha nghién ctru do nhitng khac biét,
bién ddi qua da dang trong cach viét, do nghiéng
ky tu viét tay cua mdi ngudi, clia mau muyc, cua
chat liéu gidy v.v...

Céc bude xdy dung hé thdng nhan dang ky tu
viét tay tir anh gdm 2 thanh phan chinh:

+ B0 tién xir 1y va phat hién ky tu.
+ B0 phan loai, nhan dang ky tu.

Tién xr 1y 1 qua trinh doc anh dau vao, xir 1y
cac loai nhiéu, tang d6 twong phan, khir do 1&ch,
phan ngudng... voi muc dich 1am anh tét hon va
thuong dugc thyc hién bdi nhitng bd loc. Piu ra
cua qué trinh nay la anh cac ky tu da mirc xam
hodc nhi phan. Tiép theo, hé théng khoanh ving
dbi tugng, sao cho nod chi chita duy nhat mot ky
dé nhan dang. Giai doan nay con goi 1a bu6c phat
hién dbi tugng (Object Detection) néu anh dugc
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xir ly t6t, tc cac ky tu duge tach roi nhau hoan
toan va khong chira nhidu. Néu anh con nhidu,
hodc chira nén phtre tap hodc chira cac ddi tuong
khac, ta co thé sur dung cac mang nhu R-CNN
(Region Convolutional Neural Network) [1];
mang Fast R-CNN [2], Faster R-CNN [3],
RetinaNet dé tach, loc tiép cac ky tu d6. Vi ky tu
viét tay da phan chi viét trén cdc mit phing co
phan nén tach biét véi phan chir nén trong nghién
clru ndy, ta gia s anh vao 1a chir viét trén gidy
thong thuong, khong chira cac ddi tuong va vat
thé gay nhidu khac (nhu cdy cbi, xe cd, con
nguoi...) nén khong st dung cac mang néu trén vi
ching twong dbi phtic tap va lam ting dang ké
thoi gian ciing nhu chi phi tinh toan. Khi buédc
tién xtr 1y anh duoc thyc hién t6t, c6 thé tién hanh
nhan dang nhanh hon so véi viéc dung cac mang
CNN[1, 2. 3].

B¢ nhan dang ky tu 1a 16p tiép theo ngay sau
khi dir li€u anh cac ky tu dau vao da duoc tach ra
tir budc trude. Viéc nhan dang ky tu trén thuc té
¢6 rat nhiéu phwong phap nhu: déi sanh mau,
phuong phap tiép can cu trac, phuong phap db
thi, m6 hinh Markov én, may vecto hd tro, mang
noron v.v...[9]. O day, chung ta nghién ctru
phuong phap st dung mang noron tich chap trong
nhan dang ky tu viét tay La tinh do mang vira c6
kha nang loc, thu nhé kich thudc anh, d§ chinh
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X4c cao.
2. Mang noron tich chap

CNN la mét trong nhitng mé hinh hoc sau
(Deep Learning) tién tién. Hién nay cac hing
phin mém ndi tiéng da xay dung cac hé théng
thong minh véi d6 chinh xac cao nhu h¢ thong xir
ly 4nh lon cua Facebook, Google hay Amazon.
CNN sir dung giai thuat nhan chap bang mét cta
s6 truot duoc goi la nhan (Kernel) hay bd loc hay
b trich chon dac trung dé trich chon déc anh ky
tu viét tay (d6ng thoi co thé giam kich thudc ma
tran diém anh) nhim thu dugc mot ma trin moi
goi la dac trung chap (Convoled Features).
2.1 Kién tric téng quat cia CNN

Kién truc co ban cia mot CNN thong thudng
gdm 4 16p: Lép tich chap (Convolutional Layer),
Lé6p kich hoat phi tuyén, Lép co mau (Pooling),
Lép két ndi day du (Fully Connected). Tuy theo
thiét ké va cai dat cling nhu muc dich st dung ma
mdi mo hinh dwoc ngudi thiét ké thém hoic bot
cac 16p trén dé dat dwoc mo hinh véi do chinh xéac
cao va chi phi tinh toan thip. Du6i day 1a trinh
bay chi tiét vé 4 16p co ban ciia mot mang CNN

Lép tich chdp: day 1a thanh phan quan trong
nhat trong mang CNN, thé hién su lién két cuc bd
thay vi két ndi toan bo cac diém anh. Cac lién két
cuc bo dugc tinh toan bang phép tich chap giita
cac gia tri diém anh trong mot vung anh cuc bd

vai cac bd loc filters ¢o kich thudce nho.
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Cac diém anh géc

Bé loc tich chap

| Gia tri diém anh méi

Hinh 1: Mang chdp trén ma trdn"cé‘ié’m anh.
Trong Hinh 1, b6 loc dugc sir dung 1a mdt ma
tran c6 kich thudc 3x3, bd loc nay dich chuyén
lan luot qua tirng ving anh dén khi hoan thanh
quét toan b buc anh, tao ra mét birc anh mai cod
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kich thudc nho hon hodc bang véi kich thudc anh
dau vao. Kich thudc anh diu ra O duge xac dinh
tiy theo kich thuéc cac khoang trang dugc thém &
dudng vién anh gbe theo cong thire sau:

i+2xp—k

0= +1 (1

N
trong do:

i: kich thuéc anh dau vao;

p: kich thuéc khoang trang phia ngoai vién;

ctia anh gdc;
k: kich thudce bo loc;
s: budc truot cia bo loc.

Khi dua anh vao 16p tich chap, dau ra cia no
ung véi mot loat diém anh. Cac bd loc duge sir
dung dé thyc hién phép tich chap. Cac trong sb
ctia cac bo loc nay duoc khoi tao ngiu nhién va
cép nhat trong qué trinh hudn luyén.

Lép kich hoat phi tuyén dam bao tinh phi
tuyén cta mo hinh huén luyén sau khi thyc hién
mot loat cac phép tinh toan tuyén tinh qua cac 16p
tich chap. Lép kich hoat phi tuyén su dung céac
ham kich hoat phi tuyén nhu ReLU hodc Sigmoid,
tanh... ¢ giéi han bién do cho phép cua dau ra.
Trong s6 cac ham kich hoat nay, ham ReLU dugc
chon do cai dit don gian, tbe do xur Iy nhanh ma
van dam bao duoc tinh toan hiéu qua. Phép tinh
ham ReLU don gian 1a chuyén tt ca cac gia tri
am thanh gia tri 0. Lép ReLU dugc ap dung ngay
sau 16p tich chap, véi d4u ra 12 mdt anh méi co
kich thuéc gidng véi anh dau vao, cac gia tri diém
anh cling hoan toan tuong tu trir cac gia tri am da
bi loai bo.

(x)=m(0,x) 2

Lép ldy mau: duoc dat sau 16p tich chap va
16p ReLU @é lam giam kich thuéc anh dau ra
trong khi van gitt cac thong tin quan trong cua
anh vao. Viéc giam kich thude dir li€u co tac dung
b6t s6 cac tham sb cling nhu ting hiéu qua tinh
toan. Lép 1y miu str dung cra so trugt dé quét
c4c ving anh gidng nhu 16p tich chap, va iy mau
thay vi phép tich chép, s€ chon luu lai mot gia tri
duy nhat dai dién cho toan bo thong tin cia ving
anh do6.

Hinh 3 thé hién cac ky thuat 1dy miu thudng
sir dung 14 Max Pooling (MP): liy gia tri mirc
xam 16n nhat va Avarage Pooling (AP): 1dy gié tri
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muc xam trung binh cta cac diém anh trong ving

cuc bo.
max pooling
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Hinh 2: Phuong thirc Avarage Pooling va Max
Pooling.
Nhu vay, véi moi anh vao, qua lay mau thu

dugc anh ra twong tng, co kich thudc giam dang
ké nhung vin gitt duoc cac dic trung can thiét
cho qua trinh nhan dang.

Lép két néi day du: dwoc thiét ké twong tu
nhu mang no ron truyén thong. Tét ca cic diém
anh duoc két ndi day du vai cac no ron trong 16p
tiép theo.

So v6i mang no ron truyén thong [4], cac anh
vao cta 16p nay c6 kich thude giam rat nhidu. Do
vay, viéc tinh toan nhdn dang st dung mo hinh
truyén thang da khong con phuc tap va tén nhiéu
thoi gian nhu trong mang no ron truyén thong.

2.2 Xay dung CNN cho bai toan

Duéi ddy chung toi néu mot kién traic CNN
v6i 8 16p gdm 1,7 triéu trong s6. Két qua cho do
chinh xac nhan dang x4p xi 90% véi cac ky tu La
tinh viét tay theo dit li¢u da néu, cu thé:

Anh ddu vao: Kich thuée 28x28x1.

Lép thir nhat: Lop tich chdp (32 bd loc, kich
thudc 5x5, stride=1, padding=2, ham kich
hoat=ReLU); Input: 28x28x1; S lugng tham sb:
(5x5+1)x32=832; Output: 28x28x32

Lop thir hai: Lop tich chdp (32 bd loc, kich thudc
5x5, stride=1, padding=2 ham kich hoat=ReLU);
Input:  28x28x32; S6 lugng tham  sé:
(5x5x32+1)x32=25.632; Output: 28x28x32

Lop thir ba: Lop Pooling (Ky thuat: MP, kich
thudc 2x2, stride=2); Input: 28x28x32; Ouput:
14x14x32.

Lop thir tw: Lop tich chdp (64 b9 loc, kich thuéde
3x3, stride=1); Input: 14x14x32; S luong tham
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sO: (3x3x32+1)x64=18.496; Output: 14x14x64
Lop thir nam: Lop tich chdp (64 bo loc, kich
thude 3x3, stride=1); Input:14x14x64; Sé luong
tham  s&:  (3x3x64+1)x64=36,928;  Output:
14x14x64

Lop thir sau: Lép Pooling (K¥y thuat: MP, kich
thudc 2x2, stride=2); Input: 14x14x64; Output:
Tx7x64

Lép thir bay: Lp két nbi day du (S6 noron: 512,
ham kich hoat=ReLU)

Input:  7x7x64=3136; S luong tham $6:
3136x512=1,606,144; Output: 512

Lép thir tam: Lop két noi ddy dii (s6 noron: 62,
Ham kich hoat = Softmax); Input: 512; SO luong
tham s6:512x62=31.744; Output: 62.

3. Cai cai dat chwong trinh

3.1 Dit li€éu cho bai toan

Dir liéu bai bao str dung duoc thu thap tir b
co so dir liéu ky tu va biéu mau viét tay ctia Vién
tiéu chudn va ky thuat qudc gia Hoa Ky (NIST).
Tén bd dir liéu: EMIST ByClass; téng s lugng
mau: 814,255 miu; trong d6 s6 mau huan luyén:
697,932 mau (chiém 85%); s mau kiém thir:
116,323 mau (chiém 15%); cho 62 ky tu ky tu
viét tay cua (4-Z, a-z, 0-9).

3.2 Cac cong cu sir dung trong nhian dang
Trong bai bao, ching t6i thiét ké hé nhan dang

ky tw v&i phan huan luyén (Hinh 3), xtr Iy dir ligu

va anh trén ngoén ngit Python. Dé thiét ké giao

dién, st dung ngdén ngir C#Net Framework cua

Microsoft; thu vién: Open CV, Keras, Tensorflow;

Framework: .NET Framework (C#).

3.3 Cai dat chwong trinh

* Khoi tao cac thong s6 dé huan luyén mang:

S6 1an hoc(Epochs): 10

Sb bo (Batch_size): 256 (trong sd duoc cap
nhat lai sau mdi bo)

* Huan luyén mang;

Moi truong huan luyén 1a hé diéu hanh
Windows 10; ngdn ngr Python phién ban 3.7.5
cung giao dién thiét ké dya trén NET Framework
phién ban 4.6.2;

Ham mét mat: Cross Entropy;
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e Phén cimg: CPU Intel Core i5 — 9400, 8GB
RAM, Card db hoa Intel(R) UHD Graphics
630;

e Téc dd huan luyén: 3ms/mau;

e Thoi gian huin luyén: 6 gio.

5x5 Conv, 32

5x5 Conv, 32

3x3 Conv, 64

3x3 Conv, 64

Softmax, 62

Hinh 3: Mé hinh hudn luyén

3.4 Két qua nhan dang

Sau khi huin luyén dya trén dir liéu da néu,
chung ta duge mot ciu truc cb cac trong sb da gan
gid tri cu thé va hoan toan du thong sd dé tién
hanh nhan dang vo6i d§ chinh xac trén dir li€u
kiém thr 1a khoang 90%.

acc

085 —
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0875
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Hinh 4: D6 chinh xéc hudn luyén
Ham mat mat (Loss Function) thu dugc xap
xi 0.3 (Hinh 5).
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loss

Hinh 5: Ham mdt mat
Tich hop md hinh huan luyén vao phan mém
nhan dang ta nhan Kkét qua nhu hinh 6:

Recognized Box
Kytr droc cit Ky tir phat hitn duoc Accuracy model: 88,3%
Ermor: 11,7%
t Confidence: 59.93082%
Auh iép theo Phin tich

Hinh 6: Két qud phdn mém nhén dang
3.5 Panh gia A chinh xac nhan dang
C6 rat nhiéu cach danh gia mé hinh phan 16p.
Tuy vao nhiing bai toan khac nhau ma ching ta sir
dung cac phuong phap khac nhau. Cac phuong
phéap thuong dugc st dung la: Accuracy Score,
Confusion Matrix [9], ROC Curve, Area Under
the Curve, Precision and Recall, F1 score, Top R
error [5, 9] v.v...Bai bao quan tdm chu yéu t6i cac
tiéu chi danh gid nhu d¢ chinh xac (Accuracy)
theo Ma tr4n nham 1an (Confusion Matrix)

Do chinh xac (Accuracy) trong bai toan nhan
dang (Hinh 4) don gian 1a tinh ti 1& giita s6 miu
dugc du doan ding trén tong s6 mau trong tap
kiém thir [5, 9].

A=—— 3)
3.6. Him mét mat
Ham mit mat (Loss Function): L(§,y) cho
mot sé thuc, khong am thé hién sy chénh léch
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giita dai lugng: § du doan va y thuc té.

L@y) =1y -yl “4)
Ham mét mat 1a hinh thic budc hé théng diéu
chinh (hay phat) mdi 1an du doén sai; s6 mirc phat
ti 1¢ thudn vai do 16n cua sai sot [6]. Trong hoc
hay huan luyén c6 giam sat, myc tiéu ludn giam
thiéu tong mirc sai s6. Trong truong hop 1y twdng,
ham mat mat tra vé gia tri cuc tiéu bang 0. Mot
cach khac xd dinh ham méat mat 1a ldy binh
phuong ciia sai sd:
LG,Y) =5& —)? (5)
Vi bai toan nhan dang, ta c6 thé dung chi
tiéu binh phuong 16i (MSE — Mean Square Error)
bang céach tinh tong binh phuong 15i cta § va y
[7, 8] va la chi tiéu danh gia d¢ chinh xac cua bai
toan nhan dang.
3. Két luin va huéng phat trién

Mb hinh mang CNN vdi kién triac nhu trén co

Tai liéu tham khao

kha niang xay dung lién két chi sir dung mét phin
cuc bo trong anh két ndi dén cac nut trong 16p tiép
theo thay vi toan by anh nhu trong mang no ron
truyén thing, 1am tang kha nang xt Iy va dat ty 18
cao trong nhan dang ky tu.

D0 chinh xac ciia md hinh kha cao; tuy nhién
chit lugng cua hé théng con bi anh huong boi
mot s6 yéu td khac nhau nhu: d¢ sang anh, chat
luong anh, goc chup v.v... Ung dung méi c6 kha
nang phat hién va nhan dang cac ky tu riéng lé.
Trong twong lai, cic tac gia s& st dung mang dé
xuit khu vuc nhu Faster RCNN [6] dé phat hién
ky tu; déng thoi st dung mot bd nhd ngén han [7]
(LSTM — Long Short Term Memory) dé xay dung
tir dién cac tir nhdm nhan dang céc tir thay vi cac
ky tu riéng 1é. Ngoai ra, chung t6i ciing s& nghién
ctru ing dung nhan dang ky tu tiéng Viét, két qua
néu dat duoc s& cong bd & cac cong trinh sau bai
bao nay.
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