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TOM TAT: Nhin dang chit viét tay la mét dé tai rat quan trong, né ¢é nhiing g dung khdc nhau

trong tinh bdo, ky thudt robot,.... Bdi bdo cdo nay trinh by ky thudt nhdn dang ky tw viét tay ding

phirong phdp nhin dang dwa trén thong tin tinh. Phuong phdp gom hai bude: lam méng nét ky tw dé giir

lai b khung cia ching va nhimg théng tin ddc trung dwoc rit trich dwa trén bé khung ndy bang

phurong phdp rit trich théng tin theo chiéu. Mt khdc, ching ta xdy dung mang no-ron nhén tao nham

tao ra co so dit liéu tri thire cho qua trinh nhdn dang. Trong thi nghiém ciia minh, do chinh xdc cua gidi

thudt dat trén 84% dwoc ghi nhan dya trén cac mau thu dwoc trong thuc té. Véi ky thudt nay, chung ta

co thé thay thé hodc két hop véi cic phwong phap nhéan dang truc tuyén thiwong digc dimg trén cac

thiét bi di dong va mé réng viée nhdn dang lén cdac bé mat khdc nhw gidy viét, bang, bién sé xe, ciing

nhw kha nang doc chir cho robot.

Tir khéa: nhin dang chi viét tay, mang noron

1. GIOI THIEU

Nhéan dang chit viét tay la mot dé tai rat
quan trong, n6 c¢6 nhitng tmg dung khac nhau
trong tinh bao, k¥ thuat robot,.... Cac nghién
clru vé nhan dang chir viét tay da dugc phat
trién tir hon nira thap ky qua va dat dugc nhidu
thanh qua thiét thyc.

O muc khai niém, ky thuat nhan dang chir
viét tay dugc chia thanh hai phuong phap chinh
[1, 2]: nhan dang chir viét gian tiép dua trén
thong tin  tinh  (off-line  handwriting
recognition)- chuong trinh s€ thong dich cac ki
tu, cac chir hay cac doan van duoc viét trén cac
méu gidy hodc cac cac bé mat khac ma chung
ta co thé thu thap thong tin vé chung thong qua

hinh anh thu dugc tir cac bé mit bé“mg cach

chup lai hinh anh va nhan dang chit viét tryc
tiép dya trén thong tin dong (online
handwriting recognition)- nhan dang ky tu hodc
chit viét dva trén thong tin thu dugc trong thoi
gian thyc ngay lic ngudi dung thyc hién hanh
dong viét, nhing thong tin do6 1a téc do viét, ap
luc khi viét va huéng viét.

Huéng tiép can cua d& tai 13 nhan dang
dua trén thong tin tinh. Mac du phuong phap
nhén dang truc tiép dang dugc 4p dung rong rai
trén céc thiét bi di dong, nhung nhan dang tinh
lai c6 nhitng wu diém khéac. Phuong phap nay
khong ding lai ¢ viéc ng dung va hoan thién
trén cac thiét bi di dong, ma con cod kha nang
mé rong sang cac tmg dung khic nhu doc cac
vin ban viét trén gidy ciing nhu tmg dung vao

kha nang doc va hiéu chit ciia robot.
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Piu tién ching ta dung giai thuat lam
mong nét ky tu dé gitr lai bg khung ky tu, loai
b6 cac thong tin du thira v& hinh dang cua ki tu.
Sau d6, nhitng thong tin dic trung dugc rut
trich dya trén bd khung nay bang phwong phép
rit trich thong tin theo chiéu va két hop nhing
vécto dic diém cuc bd véi cac thong tin vé cdu
triic toan cuc s€ nhan dang chir viét. Tiép theo,
chiéu ciia cac phin doan thing tao nén cac ky
tu dugc do tim, cac pixel dugc thay thé béng
céc gia tri chiu thich hop. Cudi cung, cac dic
diém coa ki tu duge huin luyén va phan loai
boi mang no-ron. Cac phin con lai trong bai
béo céo dugc td chirc nhu sau: phﬁn hai, chiing
ta khai quat mot s6 bude thong thuong cia mot
hé théng nhan dang chit viét tay. Thuat giai s&
duge thé hién trong phin ba. Phin bén trinh
bay nhimng thi nghiém va két qua thu dwoc.
Nhitng thdo luan va danh gia hiéu qué cta giai
thudt s& duogc trinh bay & phan nim.

2. NHUNG NET PAC TRUNG CUA HE
THONG NHAN DANG CHU VIET TAY

Nhan dang chir viét tay thuong bao gdm
nam giai doan: tién xtr 1y (preprocessing), phan
manh (segmentation), biéu dién
(representation), huén luyén va nhan dang
(training and recognition), hau xu 1y
(postprocessing) [1, 3, 5].

(i) Tién xir I: giam nhidu cho cac 18i trong
qua trinh quét anh, hoat dong viét cua con
ngudi, chudn hoa dir lidu va nén dit liéu.

(i) Phan manh: chia nho van ban thanh
nhimg thanh phin nhoé hon, phan manh céc tir

trong cau hay céc ki tu trong tur.

(iii) Biéu dién, rat trich dic diém: giai
doan dong vai trd quan trong nhit trong nhén
dang chit viét tay. Dé tranh nhing phtc tap cua
chir viét tay ciing nhu ting cudng d6 chinh xac,
ta cAn phai biéu dién thong tin chir viét dudi
nhiing dang dac biét hon va c¢6 dong hon, rat
trich cac dic diém riéng nham phén biét cac ky
tu khac nhau.

(iv) Huén luyén va nhan dang: phuong
phap dién hinh so tring miu, ding théng ke,
mang no-ron tri tu¢ nhan tao hay dung phuong
phap két hop cac phuong phap trén.

(v) Hau xtr Iy: st dung cac thong tin vé
nglt canh dé gitp tdng cuong do chinh xac,
ding tir dién dit lidu.

N

Hinh 2.1. H¢ théng nhan dang

Hinh 2.2.Lam mong hinh anh

Hinh 2.1 mé ta qué trinh trong hé thong
nhan dang. So dd gdm hai phan chinh: dudng

lién nét mo ta cac budce dé huan luyén cho may
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hoc, duong dat nét md ta cac bude trong qua
trinh nhan dang:

(i) Ban d4u cac hinh anh nay di qua giai doan
chuyén anh vé dang anh nhi phan (giai doan
tién xir 1y). Anh s& dugc luu trit dudi dang ma
tran diém, vi tri pixel c6 nét v& s€ mang gia tri
1, ngugc lai co gia tri 0. Sau do, anh dugc cht
xén dé ky tu nim tron trong mot khung chir
nhat, cac vung khong gian khong co nét vé
duoc loai bo di. Giai thudt cit xén hién thyc
don gian dya trén anh nhi phan va thu giam anh
da dugc cit xén v& mot anh co kich thudce
chung da duogc quy dinh trude.

(i) Tiép theo, anh dd dugc cit xén va thu nho
duoc 1am mong. Qua trinh lam méng nay giup
ta chi 1y nhimg thong tin can thiét vé hinh
dang cua ky tu va loai bd cac pixel du thura.
Hinh 2.2 minh hoa cho két qua lam méng cua
giai thuat. Cac chdm nho trén hinh biéu thi cac
pixel co gia tri 1 ban déu. Sau khi 1am méng,
chi nhitng pixel c6 y nghia duoc giit lai, va
chung dugc biéu dién biang cac chim to trong
hinh.

(iii) Anh sau qua trinh lam moéng chita hau hét
c4c thong tin vé hinh dang cua ky tw. Nhiing
thong tin nay s€ dugc phan tich dé rat trich ra
cac dic diém gitip viéc phan loai cac ky tu voi
nhau. Phuong thirc ndy dya trén thong tin vé
hinh dang cua ky tu nhu su chuyén vi tri va su
chuyén chiéu. Két qua qua trinh nay 1a cac véc-
to dic diém chira thong tin vé ky tu. Cac thong
tin nay gitip may lay duoc cac dic diém cua
ting ky tu, phan loai chiing va tao ra cac thong
tin can thiét dé nhan dang cac ky tu co chung ¥

nghia. Do chit viét mdi ngudi mdi khac nén ta

khong thé thu thap tit ca cac nét chit cia timg
ngudi dé may hoc c6 thé nhan dién ma chi co
thé dya trén mot s6 mau ndo d6 dé nhan ra cac
nét chit cua nhitng ngudi viét khac nhau. Mang
no-ron nhén tao (Artificial neural networks) co
thé giai quyét vin dé nay.

(iv) Xay dung mang no-ron dong nghia véi
viée thiét 1ap cac thong sd thich hop trong
mang dé giup mang cé thé phéan biét duoc cac
ky tu ¢6 trong va ngoai mau. Cac théng sb cua
mang no-ron s& dugc luu lai va giup cho qua
trinh nhan dang. Sau mot loat cac giai doan
trén, ching ta s& thu dugc nhiing thong s6 can
thiét ciia mang no-ron, va né giup hé théng
phan biét dugc cac ki tu viét tay. Va qua trinh
nhén dang dugc trinh bay phin sau st dung
nhiing két qua tir qua trinh may hoc giup hé

thdng phan biét cac ky tu.

3. GIAI THUAT NHAN DANG CHU VIET
TAY

Trong khudn kho dé tai nghién ctru nay,
thay vi sit dung anh trong tip hop mau cho
trudce, ching ta st dung anh thu dugc tir nguoi
ding chuong trinh v&. Anh ndy qua cc budc
tién xir 1y cling nhu rat trich dac diém trong
quéa trinh huan luyén. Mat khac, thay vi céac
véc-to dic diém duge dua vao giai doan huén
luyén, cac véc-to nay s€ dugc dua vao giai
doan nhan dang. Giai doan nay st dung céc
thong s6 cua mang no-ron, cac véc-to dac diém
s& dugce dua qua mang no-ron va tra vé& véc-to
xuét. Véc-to xudt chi ra bit ky ty vira v& co ¥

nghia gi.
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Trong phuong phap nay, chung ta chia chu
triic cta giai thuat thanh hai qua trinh véi cac
giai doan theo trinh ty sau:

- Qua trinh hudn luyén: anh mau, anh nhi
phén, cit xét va thu nho, 1am mong anh, rat
trich dac diém, xay dung mang no-ron.

- Qua trinh nhan dang: anh ki ty, anh nhi
phén, cit xét va thu nho, 1am mong anh, rat
trich dic diém, nhan dang.
3.1.Giai Thuit Lam Moéng Nét Vé Cia Ky
Ty

Nhu d3 trinh bay & phan 2, giai thuat lam
mong ndm trong giai doan tién xtr ly véi muc
dich loai bo cic thong tin du thira vé hinh dang
cua ky tu. Cac nét vé€ dugc lam mong thuong di
kém voi sy méo mo va bién dang. Su méo mo
cang it cang tot. Chung ta dung giai T.Y.
Zhang [4] 1am giam sy méo mo va tang tdc do
tinh toan. Gidi thudt nay chll y téi céc pixel lan
can ciia mot pixel bat ky. Bang 3.1 mé ta cac

pixel 1an can cua pixel Py(i, j).
Bang 3.1.Cac pixel 1an can cua mot pixel
Py (i-1, j-1) P, (i-1,j)
Py (i, j-1) Py (i, ))
P;(i+1,j-1) | Pe(i+1,j) | Ps(i+l,j+1)

P; (i-1, j+1)

Py (i, j+1)

Muc ti€u cta giai thuat 1a loai bo cac diém
bao quanh hinh va giit lai cac diém nim trong
bd khung. Dé giit gin lién két giira cac diém
trong by khung, ching ta chia vong lap 1on
thanh hai vong ldp nhd (vong lap qua ting
diém mot).

Vong lap thtr nhit s& xoa cac diém bao

quanh thoa cac diéu kién sau:

(a2 <BP) <6

v6i B(P)): sb cac diém lan can khac 0 cua
diém P,.

B(P,) =Py + P3 + P4+ Ps+ Ps+ P;+ Py +
Py

() A(P) =1

v6i A(Py): s6 mau (P;, Pj) = (0, 1) theo tht
tu dugc sép xép nhu sau P,, P3, Py, ..., Po.

Chan han, chudi P,, ..., Py = 00100100 thi
taco A(Py) =2.

(©)P,*P,*Ps = 0

(d)Ps*Ps*Pg = 0

Trong vong ldp thu hai, ching ta x6a cac
diém thoa hai diéu kién a) va b) ciia vong lip
thir nhét va thoa thém hai diéu kién nira:

()P, *Py*Pg = 0

(d)P,*Ps*Pg = 0

Trong hai diéu kién (c) va (d) ciia vong lap
thir nhat, chi x6a cac duong bién ¢ phia Dong
Nam hay cac goc & phia Tay Bic, c6 thé quan

sat qua hinh 3.1:
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P, Dong

Bic
P,
Tay P; P;
P
Nam

Hinh 3.1. Biéu dién c4c pixel 1an cén

Tuong tu, cac diém bi x6a & vong ldp thir
hai, didu kién (¢’) va (d’) 1a cac diém duong
bién ¢ phia Tay Bac hodc cac goc & phia Pong
Nam.

Diéu kién (a) s& giit lai cac diém la diém
két thuc dwong khung. Didu kién (b) gitp ta
tranh khoi x6a cac diém nam giira cac diém két
thuc.

3.2.Phuwong Phap Riit Trich Pic Piém

Ky thuat rat trich dic diém (modified
direction feature- MDF) dya trén dac diém vé
chu tric cua chir viét tay [4]. K§ thuat nay két
hop nhiing véc-to dac diém cuc bd véi cac
théng tin vé& cdu trac toan cuc va cung cp dic
diém tich hop cho mang no-ron huin luyén va
kiém tra. Hudng tiép cén nay xu ly dua vao
duong bién cua ky ty. Trong phuong phap,
chung ta dé xuét sir dung bo khung, két qua cta
qua trinh 1am moéng, thay cho duong bién. Uu
diém cua cai tién nay khong nhitng lam giam
thoi gian thi hanh cia gidi thuat ma con dua ra
cac dic diém chinh xac hon. Tiép theo, chiéu
clia cic phan doan thing tao nén cac ky tu
dugc do tim va cac pixel dugc thay thé bang

céc gia tri chidu thich hop. Cudi cung, cac dic

diém cua ky tu duoc huén Iuyén va phan loai
béi mang no-ron. Giai thuat gdbm hai budc
chinh: iy gi4 tri v& chiéu va cac dic diém vé

chiéu di duoc thay doi.
3.2.1.Ldy Gid Tri Chiéu

[3] d& xuit mot phuong phap lay gia tri
chidu (Obtaining Direct Values). Dit liéu dua
vao budc nay la anh nhi phan da dugc lam
mong. Cac gia tri vé chidu dugc quy dinh nhu
sau: value = 2 cho chiéu doc, value = 4 cho
chidu ngang, value = 3 cho dwdng chéo phai,
value = 5 cho dudng chéo trai va value = 1 cho

diém bat dau nhu hinh 3.2.

=]

Hinh 3.2. Gi4 tri chiéu cho MDF

Piu tién, ching ta di tim diém bat dau.
Piém bét ddu dugc dinh nghia 13 pixel dau tién
mau den (mang gia tri 1) dugc tim théy tai vi tri
dudi nhat va trai nhat ctia anh ki ty. Diém nay

s€ duoc gan gia tri value = 8.
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Tiép theo, ta phan biét ting phin doan
thing riéng biét. Giai thuat thu thap timg pixel
mot va dua vao chidu trude do cua nd, no
chuyén dbi gi4 tri cua cac pixel nay dong thoi
kiém tra diéu kién c6 doan théng méi. Néu mot
trong nhitng diéu kién sau duoc gdap, ta xem la
mot doan théng moi da duogc tim théy. Céac diéu
kién duogc dién ta nhu sau:

- Tim dugc diém goc: diém ngay tai d6 co
su thay di tirc thoi vé chiéu. Cé tam truong

hop diém goc nhur hinh 3.3:

MY

Hinh 3.3. Céc trudng hop diém goc

- Déi chiéu 3 lan.

- Co6 sy ddi chidu, chidu cua pixel trudc
lién tuc giéng nhau va chiéu dai cia chiéu
trudc d6 cna chudi lién tuc nay 16n hon 3.

Sau khi da cap nhat cac gia tri chiéu cho
ting pixel, cac gia tri nay s€ dugc chuén hoa
(chuén hoa cac gia tri chiéu). Co ba budc dé
chuén hoa céac gia tri vé chiéu trong mot doan
thang:

(i) Tim nhitng gia tri chidu nao thuong
xuét hién nhét trong doan thing cin chuén hoa
bing cich ding phuong phép dém thong
thuong dé xac dinh gia tri chiéu nao xudt hién
nhiéu nhét trong doan thing.

(i) Thay thé tit ca cac gié tri chiéu cua cac
pixel trong mét doan thing bang gia tri chidu

dugc xuit hién nhiéu nhét trong doan thfmg do.

(iii) Thay thé gia tri ciia diém bat dau
(value = 8) bang gia tri chidu c6 tin suét xuit
hién nhiéu nhit trong doan thing.

Hinh 3.4 biéu dién viéc tinh gia tri chiéu
va chuin hoéa cho ki ty a. Trong hinh nay,
chiing ta thay ring cac gia tri chidu (mg véi cac

duong nét trong ing di dugc chuén héa.

Y TY 444 .4

1 1 § 2
L. 113 LS. 443,8,, .
220230000, 100 [, 84444 B, L 445, [ 544444, 444,

(a) {b) (c)

Hinh 3.4. Tinh gié trj chiéu cho ki tw a
3.2.2.Lay Gia Tri MDF

Ky thuat ldy gia tri MDF (Obtaining
Modified Direction Feature) dugc xdy dung
dua trén ky thuat Direction Feature (DF) va
Transition Feature (TF). Trong k§ thuat nay,
chung ta tinh gia tri ctia véc-to dac diém dya
trén gi tri chiéu [LT, DT] va sy chuyén tir gia
tri pixel = 0 sang gia tri pixel = 1, trong do

(i) LT (Location Transition): gia tri danh
déu nhiing vi tri ma co6 su chuyén tu pixel = 0
sang pixel = 1. Gi4 trj LT dugc tinh bang cach
quét tung hang tir trai sang phai va ngugc lai,
quét cac cot tur trén xuéng dudi va nguoc lai.

LT = (vi tri chuyén tir 0 sang 1) / (d6 dai
ctia mdi chiéu)

(ii) DT (Direction Transition): tinh toan
dua trén cac gia tri v& chiéu d3 duoc phén tich.

Trong d6, s6 phan tir trong véc-to DT duoc xéc
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dinh tru6e, & ddy chon 1a 3, va mdi phén tir 1a
gié tri chidu tai mdi diém c6 su chuyén pixel tir
0 sang khac 0 (nonzero).

(iii) Chudn hoa véc-to: tinh gia tri trung
binh cua ba véc-to LT hodc DT lién tiép nhau.
Hinh 3.5 biéu dién cach tinh LT va DT dién

hinh nhu sau:

i7

calumng

LT

| E2 059 (24
L 081 065 035
| = 07T 0%

Traversal

from

laft

to
right DT
direction | 3 g4 g2

02 0.3 0.2
02 0.3 0.2

Hinh 3.5. Cach tinh LT va DT dién hinh

3.3.8& Dung Mang No-Ron P¢ Huén
Luyén Va Nhian Dang

Mang no-ron cung cap mot hudng tiép can
manh cho cac gia tri thuc Xfip xi, gia tri roi rac
hay cic véc-to gia tri. Trong nhiéu dang cua
van dé, mang no-ron nhan tao 12 mét trong
nhiing phuong phap may hoc hiéu qua hién
nay. Trong phan nghién ctru ctia minh, k§ thudt
mang no-ron truyén nguoc (back-propagation),
mot trong nhiing phuong phéap hiéu qua trong
trong nhiéu bai toan, thich hop bai toan nhén
dang chit viét tay ciia chung ta.

Trong giai thuat dé cép trén, mang no-ron
gitp xay dung mot tap co s¢ dir liéu tir viée
huén luyén cac tip mau c6 sin. Co so dit lidu
nay dugc dung trong nhan dang ky tu tr cac

dac diém phén tich duoc.

4. KET QUA THi NGHIEM

Trong khuén khd cia bai nghién cim,
ching ta st dung tap khong gian mau cho qua
trinh hoc may boéi mang no-ron cé kich thudc
500 miu, duoc ldy miu tir 500 ngudi khac
nhau. Mdi miu 1 26 file tuong Gng véi 26 ky

ty Latin. M6t sb ky tw mau dugc thu thap nhu

sau:

a | h 4 4 g
Kytua| Kyteh| Kytui |[Kytej |Kytuo
q 5 t w Z
Kytwrq| Kytus | Kytut Kytuw |[Kytuz

Hinh 4.1. M6t s6 ky tu mau

Giao dién chuong trinh dugc thé hién

trong hinh bén dudi (hinh 4.2)

A

Handwriting characters recognition system - Demo @

ours |

Recogning result: | Thisisletler v

UJ Tirne pracessing |0.493 s

thout Eaat

Hinh 4.2. Giao dién chuong trinh

Chang ta s& thi hanh phuong phap nhan
dang chit viét dugc trinh bay ¢ phin 3 trén
nhiéu nguoi ding khéc nhau. Trong bai bao cao
nay, ching ta chi néu ra mot vai két qua minh
hoa. Sau day 14 bang két qua khi tién hanh thir

nghiém trén 5 user khac nhau:
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Bang 4.1.Mot s6 két qua do chinh xé4c clia

chuong trinh
S6 truong|User 1 User User |User | User
hop 213 5
blng 21 251 22 23
Sai 5 1 4

Céc ’% ‘E?V

4
23

3
arlf

truong L1 Ak h
n |+

IS W

hop sai X
D6 chinh

80,7 96,1 84.6 |88.5 | 88.5
xac (%)

Qué trinh kiém tra tién hanh kiém nghiém
trén nhidu nguoi dung khac nhau. Mdi ngudi
ding s& sir dung phin mém viét 26 ki ty va
chuong trinh chay két qua nhéan dang, do chinh
xac trung binh thu dugc 1a 84% va thoi gian

nhan dang trung binh 1a 0.84ms.
5.KET LUAN

Trong bai bdo cdo ndy, chung ta phat trién
mot ki thuat nhan dang ky tu viét tay dung
phuong phap nhan dang dya trén thong tin tinh.
Phuong phap gdm hai budc: 1am mong nét ky
tu dé giit lai bo khung cua ching va nhimng
thong tin déc trung dugc rat trich dya trén bd
khung nay bang phuong phéap rit trich thong
tin theo chiéu. Mt khéc, chung ta xdy dung

mang no-ron nhan tao nham tao ra co s¢ dir

liéu tri thirc cho qua trinh nhén dang. Khong
gidng nhu nhitng phuong phéap khac, phwong
phap chung ta d& xuét sit dung bo khung, két
qua cta qua trinh lam mong, thay cho duong
bién. Uu diém cia su cai tién nay khong nhimg
lam gidm thoi gian thi hanh cia gidi thuit ma
con dua ra cac dac diém chinh xac hon. Mt
khac, thay vi cac véc-to déc diém duoc dua vao
giai doan huén luyén, cac véc-to nay s& dugc
dua vao giai doan nhan dang.

Bén canh nhimng wu diém trén, giai thuat
lam méng khong phu hop chit viét chir qua
nho, cac nét viét co thé dinh tir nét nay qua nét
khéc. Do d6, giai thuat c6 thé lam mat thong tin
ctia anh. Khi chudn héa cac gia tri vé chiéu,
mdt s6 trudng hop chuén hoa khong tra vé cac
gia tri mong mudn, lam sai léch thong tin thyc
vé nét v&. Chuong trinh phai huin luyén trén
hang ngan mau ky tu khac nhau. Do s6 mau
dugc huén luyén qué it, khong thé danh gia xac
thuc dugc d§ chinh xac cua chuong trinh mét
cach tuyét doi. Huéng phat trién sip toi cia
nhém nghién ciru 13 ting cudng va bd sung
thém mot s6 cac dac diém khac can phai rat
trich dé ting do tin cdy va luu nhitng thong tin
chinh x4c hon v& dic trung cua ky tu. Mat
khac, nhom ap dung mot sO phuong phép cai
tién trong mang no-ron dé ting d tin cdy cho

mang.
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MODIFIED DIRECTION FEATURE AND NEURAL NETWORK BASED
TECHNIQUE FOR HANDWRITING CHARACTER RECOGNITION

Huynh Huu Loc, Luu Quoc Hai, Dinh Duc Anh Vu
University of Technology, VNU-HCM

ABSTRACT: Handwriting character recognition is an important research topic which has
various applications in surveillance, radar, robot technology... In this paper, we propose the
implementation of the handwriting character recognition using off-line handwriting recognition. The
approach consists of two steps: to make thin handwriting by keeping the skeleton of character and reject
redundant points caused by humam’s stroke width and to modify direction method which provide high
accuracy and simply structure analysis method to extract character’s features from its skeleton. In
addition, we build neural network in order to help machine learn character specific features and create
knowledge databases to help them have ability to classify character with other characters. The
recognition accuracy of above 84% is reported on characters from real samples. Using this off-line
system and other parts in handwriting text recognition, we can replace or cooperate with online
recognition techniques which are ususally applied on mobile devices and extend our handwriting
recognition technique on any surfaces such as papers, boards, and vehicle lisences as well as provide

the reading ability for humanoid robot.
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