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KET HOP CAC BO PHAN PHAN LGP SVM
CHO VIEC NHAN DANG CHU VIET VIET TAY RO RAC
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2Vién Cong nghé thong tin, Vién Khoa hoc va Cong nghé Viét Nam

Abstract. This paper studies some features, which can be applied to Vietnamese handwritten
character recognition. Base on SVM classification and Haar wavelet features we propose a new model
for Vietnamese handwritten recognition. Our test results over Vietnamese handwriting with 50,000

character samples show the relatively high accuracy of our recognition model.

Tém tAt. Bai bdo nghién ciru mét s6 loai dic trung c¢6 thé 4p dung cho bai toin nhan dang chit
Viét viét tay roi rac. Tir dé6 dé xudt mot mo hinh nhan dang chir Viét viét tay roi rac trén co sé
phuong phép véc to tua két hop véi lua chon dic trung wave-let Haar. Céc két qud thuc nghiém
trén céc tap dir lieu chir viét tay tieng Viét vai 50000 mau tu thu thap cho thay moé hinh nhan dang

dé xuat dat do chinh xdc twong doi cao.

1. GIOT THIEU

Nhan dang chir viét tay dang la van dé thach thitrc 16n ddi véi cdc nha nghién citu. Cho
dén nay, bai todn nhan dang chit viét tay van chwa cé dwoc mot gidi phép tong the. Mot
s6 két qua chi yéu chi tap trung trén cic tap dir liéu chit s6 viét tay chudn nhw USPS va
MNIST [4,5, 6], bén canh dé cing ¢ mot s6 cong trinh nghién ctru trén cac hé chir céi La
tinh, Hy Lap, Trung Qudc... tuy nhién cac két qua cing chi dwoc giéi han trong mot pham
vi hep [2,7]. Pic biét ddi véi viec nhan dang chir viét tay tiéng Viet lai cang giap nhiéu khé
khan hon do bo ky tw tiéng Viét ¢6 nhieu ky tw véi hinh déng rat giong nhau, chi khac nhau
chit it vé phan dau. Do dé rat it cong trinh nghién cttu vé nhan dang chir viét tay tiéng
Viéet. Bai todn ching toi dit ra & day la xdy dung mot mo hinh nhan dang chir Viét in viét
tay roi rac. Bo ky tw tiéng Viet bao gom tap ky tuw khong dau A, B, C, D, b, E, G H 1, K
L, OPQRSTUVXYvacaCkytchodauAAAAAAAAAAA
AAAAAEEEEEEEEEEEIIIIIOOOOOOOOO
6000OOOUUUUUUUUUUUYYYYYChungtmglm
han pham vi cia bai todn theo mot s6 qui dinh nhu: céc chir viét phai ¢6 mot khodng cach
twong doi, gitra phan chit va phan dau phai tach roi nhau.

Phuong phép véc to tua (SVM Support Vector Machines) 1a mot phwong phdp mdy hoc
tién tién da c6 nhiéu thanh cong khong chi trong céc linh vire khai phd dir liéu ma con trong

linh vuec nhan dang. Trong nhirng thap nién gan day, SVM da dwoc 4p dung rong rai vao



KET HOP CAC BO PHAN PHAN LOP SVM 89

nhiéu bai todn thue té va cho nhieu két qua riat kha quan [1,3]. Vi vay, chiing toi sit dung
phuong phép véc to tua cho moé hinh nhan dang ma ching toi dé xuat. Trong mot hé thong
nhan dang thi viéc trich chon dic trung 14 mot bude quan trong, né ¢é dnh hwédng rat 16m
dén do chinh xdc cia hé thong nhan dang. Cé rat nhiéu phwong phép trich chon dic trung
hiéu qué cé thé 4p dung cho chit viét tay nhu: ma tran trong s, toan tir Kirsch, cdc biéu do
chiéu...|4, 5, 7], trong bai bdo nay ching to6i da st dung va cai dit thir nghiém trén mot so6
cac loai dac trung dé va quyét dinh sit dung ¥ twdng cila phwong phép trich chon dic trung
wavelet Haar [8] cho m6 hinh nhan dang chir Viét viét tay roi rac.

Tiép theo, Muc 2 s& tém tiat nhitng ¥ twdng co ban cia phuwong phip véc to twa. Muc
3 trinh bay céc két qua thue nghiém trén dir lieu chir viét tay tiéng Viet véi mot s6 phwong
phép trich chon dac trung thong dung. Muc 4 phét hoa kién tric ciia mé hinh nhan dang
chir Viét viét tay roi rac va cdc két qua thue nghiém theo mé hinh nay. Cudi cing la phan

két luan va hwéng phat trien.

2. PHUONG PHAP VECTO TUA

Cho tap mau hudn luyén o; € RN, i = 1,..., N va c4c nhan twong tng y; € {—1, +1},
muc tiéu cia SVM la tim mot siéu phang phan cach (dwoce xdc dinh béi w) sao cho khoing
cach (margin) gitra hai 16p dat cuc dai (Hinh 1).

Hinh 1. Siéu phang tach véi khoang céch cuc dai

Ham muc tiéu cia mot may phan 16p SVM nhi phan c¢é thé dwoc phat bieu nhw sau:

g(x) = w.®(x) + b, (1)

trong dé, véc to dau vao « € RN, w 1a véc to chuan cia siéu phing phan céch trong khong
gian dic trung dwoc sinh ra tir 4nh xa cia ham ®(x) : RN — RM (M > N, ®(x) c6 thé
tuyén tinh hodc phi tuyén) va b 1a do léch so véi goc toa do [1]. SVM goc duoce thiét ké cho
bai todn phan 16p nhi phan, vi vay dau cia g(x) cho biét véc to @ thuoc 16p +1 hay 16p —1.

Viéc tim siéu phang phan cich chinh la viéc gidi bai todn qui hoach toan phwong (QP-

Quadratic programming):

1
mgx(ozl - §ozTHoz) (2)
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théa man 0 < o; < C, Vi va Zf\il ozy; = 0,
trong d6é a = [aq, ..., an]T v H 1a ma tran kich thuéc N x N dwoc goi la ma tran nhan
(kernel matrix) v6i moi phan tit H(,j) = y;y;P(2;).®(z;).

Giai bai toan QP (3) ta thu duge:

N
w = Z o y; P (). (3)

Moi mau hudn luyén a; twong ttrng véi mot hé s Lagrange «;. Cdc mau cé a; > 0 dwoc
goi 1a véc to ho tro.
Thé (3) vao (1), ta cé:

N
g(x) = Z oy (). () + b. (4)

Giad st ®(a;).®(x;) = K(x;,x;). Nghia la, tich v6 huéng trong khong gian déc trung
twong dwong véi mot ham nhan K cia khong gian dau vao. V1 vay, ta khong can phai tinh
true tiép cdc gid tri ®(x;), P(x;) ma chi can tinh tich vo huéng < ®(x;).®(x;) > gidn tiép
théng qua ham nhan K (z;, ;). Nhw vay, ta ¢ ham muc tiéu cho bai todn phan 16p SVM c6
dang

N
g(x) = Z iy K (4, ) + 0. (5)

3. NHAN DANG CHU VIET TAY VOI CAC PAC TRUNG THONG DUNG

Trong phan nay, ching to6i gigi thiéu mot s6 dic trung da dwoc sit dung rat hiéu qua trong

cac bai toan nhan dang chir viét tay [4, 5, 7].

3.1. Trong s6 vung (Zoning)

Hinh 2. Trich chon dic trung trong s6 ving

Anh ky tuw dwgce chia thanh N x N viing (zones). Tong s6 diém den ctia moi viing sé duroc
chon dé tao thanh véc to dic trung.

Trong thuc nghiém, véi anh kich thude 16 x 16, ching toi chon N = 8, nhu vay ¢6
8 x 8 = 64 dac trung.
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3.2. Bi€u dd chiéu (Projection histograms)

AR

Hinh 3. Trich chon céc biéu do chiéu ngang, doc va 2 dudong chéo

Y twdng co ban cia phuwong phép trich chon dic trung nay la chiéu cdc diém den trén
anh 2 chiéu theo cdc hwéng ngang, doc va hai dwdng chéo thanh mot day cdc tin hieu 1 chiéu.
Uu diém cta cic dac trung nay 1a khong phu thudc vao nhiéu, tuy nhién né van phu thuoc
vao do nghiéng cda chir.

Trong thuc nghiém, v6i anh kich thude 16 x 16, ching toi chon 16 ngang +16 doc +2 x 16
chéo = 64 dac trung.

3.3. Trich chon chu tuyén (Contour profiles)

Hinh 4. Trich chon céc khéi bén ngoai cia chir

Phan dwoc trich chon la khoang céch tir bién cia khung chita anh t&i diém den dau tién
cla chir trén cing 1 dong quét. Phwong phép trich chon niy mé ta tot cac khoi bén ngoai
ctia chir va cho phép phan biét mot s lwong 16m céc ky tur.

Trong thuce nghiém, véi anh kich thuéde 16 X 16, ¢6 16 trai +16 phai +16 trén +16 duéi
= 64 dac trung.

3.4. Trich chon dac trung wavelet Haar

Chiing t6i st dung ¥ tuwdng cia phwong phap trich chon dic trung wavelet Haar [8] dé
chon tap dac trung cho moi anh ky tu dau vao.

Tt 4nh nhi phan kich thuée 2n(2n (Hinh 5), qud trinh trich chon ddc trung dwoc mo ta
theo thuat toan sau:
Procedure HaarFeature
Input Ma tran vuong (A, n) cap 2.
Output Tap céc dac trung {Fy, F, ..., Fanyan }.
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Hinh 5. Ttrich chon dac trung wavelet Haar

Method
1. Khéi tao: Queue =®;i=1;
2. - Tinh F; bang tong céc diém den trong toan bo ma tran (A, n);
- PUSH((A,n), Queue);
3. While Queue # ® Do
{
- POP(Queue, (A,n));
-if (n > 1)
{
Chia anh thanh 4 phan: Ay, A, As, Ay;
for (j=1;i=4;5++)
PUSH((Aj, ndiv2), Queue);
}
- Goi 51, 52,53, 54 13 tong cic diém den twong ting véi Ay, As, Az, Ag;
- Tinh F = S1+4+ 52

Fi+2:SQ+S3;
F; +3 = 54;
-1 =1+ 3;

}

Trong thuc nghiém, véi phan chir chiing to6i chon n = 4, nhw vay ta cé: 1 +3+4 x 3+
4x4x34+4x%x4x4x3=256dac trung, con véi phan dau ching toi chon n = 3, nhu vay
c6 tat ca 64 dic trung.

Phuwong phép trich chon dic trung niy sé tao ra mot day so cdc dic trung gidm dan. Véi
cling mot chit thi cac gia tri lém & dau diy twong doi on dinh, cé thé dai dién cho hinh dang
khéi quat cia chit; con cdc gid tri & cudi day nhéd dan va khong on dinh, thé hién su da dang

trong tirng chi tiét cia chir.
3.5. K&t qua thuc nghiém

Dir liéu chir viét tay tiéng Viét cia ching toi dwoc thu thap tir 655 ngudi viét khac nhau,
doi twong chi yéu 1a sinh vién. Moi ngudi viet khodng 200 chir in hoa, cic ky tu dwoc viét
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r&i rac. Chiing t6i chon loc ra 50000 mau dé€ tién hanh thuce nghiém, trong dé sit dung 30000
mau ding dé huan luyén va 20000 mau phuc vu cho viéc nhan dang.

Cong cu phan 16p duoc xay dung tir cac SVM nhi phan. Ching t6i chon thuat toan SMO
[1] d€ hudn luyén cdc may phan 16p nhi phan theo chién lroc mot chéng mot (OVO- One
verus One) véi cdc tham s6 C' = 100 va stt dung ham nhéan 1a ham Gaussian véi o = 0, 5.

Bdng 1. Két qua nhan dang theo céc loai diac trung khac nhau

Tap dac trung b6 chinh xac
Zoning 75.37%
Projection histograms 73.82%
Contour profiles 73.14%
wavelet Haar 77.28%

Céc két qua thue nghiém & bang 1 cho thay doi véi bai todn nhan dang chir viét tay tiéng
Viéet, ap dung dac trung Haar cho do chinh xdc cao hon so véi sit dung cde ddc trung khéc.
Tuy nhién, do bo ky tu tiéng Viet qud da dang nén viéc 4p dung céc dic trung nay lén tap
dir liéu viét tay tiéng Viet van chwa dat hiéu qua cao. Vi vay can phéi ¢6 mot mo hinh hiéu
quéd cho bai todn nhan dang chir viét tay tiéng Viet. Trong phian sau ching toi sé dé xuat

mot mo hinh hiéu qua cho viéc nhan dang chir viét tay tiéng Viet.

4. MO HINH NHAN DANG CHU VIET VIET TAY ROT RAC

S
“~ /r,‘_,\\\ Trich chon
A Tien xi ly /I —! &ic trung ﬂ

Anh dauvio J

Tién phan lop

N\
\

1 ving 2,3 ving
lién théng lién thing

Két néi
dau

l

Két qua nhin dang
Hinh 6. Kién tric cia hé nhan dang chir viét tay tiéng Viet
Trong phan nay, ching toi sé trinh bay chi tiét kién tric cia moé hinh nhan dang chir Viét

viét tay roi rac. Trén co s& cdc thanh phan lién thong ciia anh, ching to6i phan tap ky tuw
tiéng Viet thanh 3 nhém va tach cdc ky tu ¢6 dau thanh cdc phan roi nhau. Sau dé chiing toi
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xay dung cédc may phan lép SVM dé nhan dang cho tirng phan chir va dau, cudi ciing ghép
néi cac két qua phan 16p cia céc phan chit va phan dau dé ¢é duwoc két qua nhan dang cudi
cung.
4.1. Tién xi& 1y

Muc dich cta giai doan tién xit 1y nham ting do chinh xédc cia hé thong nhan dang. Khi
quét dnh thuong gip cdc loai nhiéu, vi vay ching téi sit dung mot s6 ky thuat loc nhiéu dé
khit cdc nhiéu dom va nhiéu vét dai. Pai véi nhieu dom, st dung cdc bo loc trung binh va
loc trung vi, con véi cdc nhieu vét dai thi ching toi sit dung phwong phép khir cdc ving lién
thong nhé (Hinh 7).

DPé thuan tién cho viéc xir 1y sau nay, ching to6i bién doi anh dau vao tir anh da cap xdm
thanh anh nhi phan.

oy a

A A

(a) Nhiéu dom (b) Nhieu vét dai
Hinh 7. Mot s6 nhieu thwong giap khi quét anh
Chuédn héa dnh theo ving lién thong Chuan héa 4nh nham muc dich tao diéu kién thuan
tién cho cong doan tach anh thanh tirng phan chir va dau.

Buéc 1: Xdc dinh cde vung lién thong trén anh (Hinh 8).
~

N1

—

A A

'R

(a) (b)
Hinh 8. Chuan héa anh

(a) Anh géc

(b) Xéc dinh cdc vung lién thong va dédnh thit tu cdc ving lién thong

Buéc 2: Sap xép cic ving lién thong theo thit tur tir trén xuéng (Hinh 8b).
Buérc 3:

(a) (b) (c)

Hinh 9. Chuan héa céc viung lién thong
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- Néu anh chi ¢6 1 ving lién thong: Chuan héa dnh vé kich thuéc chuan 16 x 16 (Hinh
9a).

- Néu anh c¢6 2 ving lién thong: Goi S(7) 1a dién tich vung lién thong thit i.

Néu S(1) > S(2) thi diau cda phan lién thong 2 la diu niang (.) vi chi cin chudn héa
ving lién théng 1 ve kich thwéc chuan 16 x 16.

Nguoc lai: Téach anh thanh 2 phan: phan chit va phan ddu. Chuan héa phan chir ve kich
thuwéc chudn 16 x 16 va phan dau ve kich thuéc chuan 8 x 8 (Hinh 9b).

- Néu 4nh ¢é 3 viing lién thong:

Néu S(3) = min{S(¢)} thl dau cida phan lién thong nay 1a ddu ning (.). Do dé chi can
chuan héa thanh phan lién thong 1 ve kich thudéc chuan 8 x 8 va thanh phan lién thong 2 vé
kich thwéc chuan 16 x 16.

Nguoc lai: Tach anh thanh 3 phan tir cdc viing lién thong. Chuan héa cdc ving lién thong
1 v& 2 vé kich thréc chuan 8 x 8 va chuan héa ving lién thong 3 vé kich thwéc chuan 16 x 16
(Hinh 9c).

4.2. Phan nhém so' bd

Dura vao s6 thanh phén lién thong chiing t6i tach bo ky tu tiéng Viét thanh 3 nhém:
Nhém 1: Nhém ¢6 1 vimg lién théng A, B, C. D, . E, G, H,1, K, L, M, N, O, P, Q. R, S, T,
U, VvV, X, Y, O, U.

Nhom 2: Nhém cé 2 Vung lien thong A A, A7 A A, A7 A, E, E7 E E, E E 1 i I, L I,O, 0,
0,0,0,0,0,0,0,0,0,0,0,0,0,U,U,0,0,0,U0,Y,Y,Y, Y, Y.
Nhom 30 Nhém cé 3 viung lién théong A A A A :& A, A7 A7 A, A7 E E, E E, E (57 (57 (57

0,0
4.3. Trich chon dac trung

Chung toi sit dung diic trung wavelet Haar. V&i phan chir, ching toi chon kich thuéc anh
16 X 16, nhw vay ta ¢é: 1 +3+4x3+4x4x3+4x4x4x3=256dac trueng, con véi
phan dau kich thuéce dnh 8 x 8 thi ¢é tat cd 64 dic trung.

4.4, Xay dyng cac may phan 16p SVM

Trong phan nay, ching toi sé xay dung 3 may phan 1ép SVM, st dung tap dic trung
wavelet Haar dé huan luyén phan 16p va nhan dang.

SVM1: phan 16p d6i véi nhém ky tw ¢6 1 vang lién thong {A, B, C, D, B, E, G, H, I, K, L,
M,N,O,P,Q R,S, T,U, V, X, Y, O, U}

SVM2: déi véi cac ky tur ¢é dau thi phan chir déu 1a cdc nguyén am, vi vy may nay chi phan
16p cdc nguyeén am {A, E, I, O, U, Y}.

SVMS3: phan 16p céc dau {/,\, ?, ~, A, V} (sic, huyen, héi, nga, dau 6, dau a).

Céac may phan 16p SVM1, SVM2, SVM3 dwoc xay dung tir cdc SVM nhi phan. Chung
t6i chon thuat toan SMO [1] dé huan luyén cédc may phan 16p nhi phan theo chién lwoc mot
chéng mot (OVO One verus One) véi cdc tham s6 C' = 100 va st dung ham nhan 13 ham
Gaussian véi o = 0, 5.
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4.5. K&t qua thuc nghiém

Véi 50000 mau ma chiing t6i thu thap dé tién hanh thuc nghiém, trong dé 13782 mau
chir khong dau diing dé huan luyén, phan con lai phuc vu cho viéc nhan dang.

Ba tap dir lieu duoc xay dung phuc vu cho viéc huan luyén:
e TrainDatal: Tap cdc dau tiéng Viet {/,\, 7, ~, A, V}, v6i 2485 mau.
e TrainData2: Tap cdc chir cdi nguyén am tiéng Viet {A, E, I, O, U, Y}, véi 4128 mau.
e TrainData3: Tap cdc chir cdi tiéng Viét khong dau {A, B, C, D, D, E, G, H, I, K, L, M, N,
O,P,Q R,S,T,U,V, X, Y, O, U}, véi 13782 mau.

RAA AR T A AR
A'/—T\FZ\ALZ\#{’AV
e £ FE B E £ E E B
£ £ § 6 ¢ ¢ O 9§ 6

~ ) o «

i ¢ ¢ o (g & v U v
Hinh 10. Céc mau trich tir tap ky tu viét tay tiéng Viet
Bon tap dir liéu dwoc xay dung phuc vu cho viéc nhan dang, két qua thuwe nghiém the
hién & Bang 1:
e TestData 1: Tap céc ky tw tiéng Viet ¢6 1 ving lién thong, véi 7143 mau.
e TestData 2: Tap céc ky tu tiéng Viet ¢6 2 vung lién thong, véi 16856 mau.
e TestData 3: Tap céc ky tu tiéng Viet ¢6 3 vung lién thong, véi 12219 mau.
o TestData 4 = TestData 1 U TestData 2 U TestData 3.

Bdng 2. Két qua nhan dang trén cdc tap dir lieu tiéng Viet viét tay roi rac

Tap mau | S6 mau | Po chinh xéc
TestData 1 | 7143 82.24%
TestData 2 | 16856 90.69%
TestData 3 | 12219 87.78%
TestData 4 | 36218 88.04%

Céc két qua thue nghiém & Bang 2 cho thdy mo hinh nhan dang chir Viét viét tay roi rac
ma ching toi dé xuat dat do chinh xdc cao hon rat nhiéu so véi cdc két qua thue nghiem &
Béang 1.

5. KET LUAN

Bai bdo da sit dung mot sé phwong phép trich chon dac trung dé 4p dung vao bai toan
nhan dang chtr viét tay roi rac. Céc két qua thue nghiém trén dir liéu chir viét tay tiéng Viet
cho thay 4p dung dac trung wavelet Haar cho do chinh xdc cao nhat trong s6 cic dac trung
duoc lra chon. Vi vay chiing t6i da dé xuidt mo hinh nhan dang chir Viét viét tay roi rac

dua trén co s& phuong phip véc to twa két hop véi trich chon dic trung wavelet Haar. Céc
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két qua thue nghiém cia ching toi trén moé hinh nhan dang chir Viét viét tay roi rac dat do

chinh rat kha quan. Trong twong lai, chiing toi tiép tuc nghién ctru phan hau xi 1y, 4p dung

mo hinh ngon ngit N-Gram dé cai thién doé chinh xdc ciia mo6 hinh nhan dang.
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