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PHUONG PHAP NHAN DANG TU VIET TAY DUA TREN MO HiNH
MANG NORON KET HOP V&1 THONG KE TU VUNG

NGUYEN THI THANH TAN, LUONG CHI MAI

Vién Cong nghé thong tin

Abstract. This paper presents a new method for off-line word handwriting recognition using four
layer neural networks combined with vocabulary statistics. The process of recognition is, basically, a
sequence of tasks, which are composed of two following sub-tasks: 1) Detect all possible cut positions
on the current segment of input image based on its histogram and a set of defined characteristic
curves; 2) Recognize those specific cut positions and remove bad cut positions based on the occurence
probability of pair of charaters. The resulted set of word candidates is fed into the system to choose
the best one. This approach was experimented on English handwriting words extracted from AIM
database gaining the accuracy of 78% for properly written words, i.e. neat and eligible words with

no overlapped characters.

Tém tat. Bai bdo nay dé xudt mot phwong phdp méi nhan dang tir viét tay dua trén mo hinh
mang noron két hop véi théng ké tir vung. Vé co ban, qué trinh nhan dang 14 mét chudi cic thao
téac xtt 1§ diroe thie hién mot cich tudn tu trén timg phan anh, trong dé méi thao téc xit 1y bao gom
hai buéc chinh: 1) Hé théng x4c dinh tat ci cdc vi trf cit c6 thé ¢ trén phan anh hién tai dua vao
bidu dé tan suat va tap cic duomg cong dic trung da duwoc dinh nghia; 2) Nhan dang cic vi tri cat,
loai bé cic kha nang sai dua trén xdc suat xuat hién cia cic cap k¥ tu. Két qua thu dwoc cla qua
trinh nhan dang 14 mot tap cac tir rng ctr vién. Lic nay hé thong sé st dung dir lieu thong ké tir
ving dé lua chon ting ctr vién t6t nhat tir tap trén. Hién tai phirong phip nay da dwoc thir nghiém
trén bo dir lieu dwoc trich tir co s& dir lieu tir tiéng Anh viét tay IAM, cho do chinh xdc trén 78%
déi véi cace tir duoc viét twong doi ro rang (chir viét ngay ngan, khong viét ngody, cac ky tu khong

long nhau).

1. GIOT THIEU

Khi dé cap dén bai todan nhan dang chit viét tay, ngudi ta thwong chia thanh hai loai:
Chir viét tay ngoai tuyén (off-line handwriting) - ki€u chir dwoc viét trén vin bin giay sau
dé dwa vao may tinh thong qua cdc thiét bi scanner, camera... v chir viét tay truwc tuyén
(on-line handwriting) - kiéu chit viét trurc tiép bang thiét bi bit tir trén cdc man hinh cam
tng cia mdy tinh (Tablet PC), céc thiét bi cam tay (PDA) hodc trén céc thiét bi bang dién
titr dwoc noi truwe tiép véi may tinh. D6l twong chinh dwoc xét dén trong bai bao nay 1a céc
van ban chir viét tay ngoai tuyén chira céc tir dwoc viét twong ddi ro rang (chir viet ngay
ngan, khong viét ngody, cic ky tu khong 1ong nhau). Muc dich nghién ctru cia ching t6i la
xay dung dwoc thuat toan nhan dang chit Viet viét tay cé chdt lwong du tot dé nang cao
chat lwong nhan dang cia phan mém nhan dang chir Viét in VnDOCR trong nhan dang cdc
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van ban chir in dau vio c¢é lan mot so tir viet tay ho#ic cac van ban cé chat lwong khong tot
(chit in bi nhoe, bi dinh, rdt khé dé phan biét ranh gi&i chinh xdc giita cic ky tu).

Pé gidi quyét bai todn nhan dang chir viét tay, cdc nhém nghién ciru trén thé giéi hién
nay da va dang tap trung theo hai huéng chinh ([1,15,16]).

+ Huwéng thit nhit (dua trén hwéng tiép can nhan dang chit in) ([5]): Dé nhan dang
mot khoi vian ban (khoi text), trude tién khoi van ban dé phai dwoc phan nhéd thanh tirmg
dong (line segmentation), cdc dong nay sau dé dwoc phan nhd tiép thanh ting tir (word
segmentation), cudi cing tién hanh phan doan tir thanh céc ky tw (character segmentation)
va day méi la dau vao thuce s cla engine nhan dang. Uu diém cia cdch ti€p can nay la kich
thuéc cia doi twong cin nhan dang nhé va twong déi dong deu (kich thuée khong qua chénh
léch nhau), nhu vay viéc trich chon cdc dac trung nhan dang sé don gidn hon va do chinh
x4c clla engine nhan dang s& cao hon. Tuy nhién, diém khé khan nhat cia cich tiép can nay
ciing chinh 1a diém khé khan cia bai toan nhan dang chir viét tay: Lam sao dé x4c dinh dwoc
chinh xdc vi trf phan téch cia céc ky tu trén mot tir khi ching bi viét dinh vao nhau? Dé giai
quyét khé khan nay, mot s6 nhém tdc gid da dé xuit phwong phdp phan doan tir (character
segmentation) theo huéng heuristic ([3,12]). Tuy nhién hién ciing chwa ¢6 phwong phép nao
phan tach dwoc véi do chinh xde dén 90% va nhu vay & giai doan sau néu ¢é sir dung cdc mo
hinh ngon ngir (n-grams) dé hiéu chinh céc két qua nhan dang thi ciing khong theé tang dwoc
chat lwong nhan dang.

+ Huwéng tiép can thit hai (holistic word recognition) ([4]): Chi phan tdch khéi van ban
can nhan dang dén mitc tir (thuc hién buéc line segmentation va word segmentation), sau dé
sé tién hanh nhan dang toan bo tir duyra trén cac dic trung cia né ([9]). Vé mit 1y thuyét thi
cach tiép can nay sé tranh duoc van dé khé khan cia cdch tiép can thit nhat va thich hop
hon véi bai todn nhan dang chir viét tay. Tuy nhién, dé€ xay dung dwoc mét phwong phép
trich chon ddc trung cia tir di t6t ma ddm bdo dwoc téc do tinh toan (téc Ao huan luyén, toc
do nhan dang) va chat lrong nhan dang (khong phu thuoc nhiéu vao kich thude, do nghiéng,
do day/méng cia nét chir,...) lai 1d mot van dé khé va hién van 1a mot van dé mé.

Trong bai b4o nay chiing toi dé xuat mot phwong phap nhan dang tir theo hudng tiép can
khdc véi cdc hudng tiép can trén. Véi cdch tiép can truyén thong thi phan doan tir (téch
thanh timg ky tuw) va nhdn dang ky tw 1a hai budce tuan tw, tdch roi nhau trong qud trinh
nhan dang. Trong khi dé, véi cach tiép can ciia ching toi, hai budc nay khong tach roi nhau
ma dwoc thire hién mot cach dan xen nhau. Ve co ban, qué trinh nhan dang cé thé dwoc mo
td nhu mot chudi cac thao tac xir 1y, thuc hién dé quy trén tirng phan dnh dau vao twong
rng, trong dé moéi thao tdc x¢ lj bao gom hai buéc chinh:

1) He thong x4c dinh tat ca cdc vi tri cat c¢6 thé c¢6 trén phan dnh dau vio hién tai dua
vao bieu do tan suat va tap cic duwong cong dac trung (dinh nghia & Phan 2).

2) Nhan dang céc vi trf cat bang mé hinh mang noron bén 16p [7] va loai bd céc kha niang
sai dua trén xac suat xuat hién cia cdc cap ky tw. Thuét toan nhan dang s& bat dau thao
tdc xit Iy dau tién trén ma tran dnh gdc cla tir can nhan dang, sau khi thwe hién xong Buéc
1 (x4c dinh cdc vi tri tri cat) sé tim dwoc mot tap céc vi trf cat c6 thé cd, thuat todn sé xét
lan lwot K vi trf cat dau tién trong danh sich céc vi tri cat da tim dwoc. Tai moi vi tri cat,
anh dau vao sé dwroc chia thanh hai phan: phan anh cia ky tu dwoc tach ra va phan anh cia
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cdc ky tur con lai chwa duwoc tach. Liic nay sé thure hién Budce 2 (nhan dang va kiém tra vi tri
cat) trén phan anh dwoc cat ra, néu thanh cong (vi trf cat nay hop 1&) thi sé& ghi nhan vi trf
nay va lap lai qud trinh xit Iy trén tire 1a thwe hién thao tdc xir Iy thit hai véi phan dnh con
lai, qud trinh nay dwoc thue hién dé quy cho dén khi kich thwéce clia phan anh con lai bang
0. Sau d6, thuat toan lai 1ap lai qua trinh xit Iy twong tu (thwe hién cic thao tdc xi 1y tiép
theo) véi cac vi trf con lai chwa dwgce xét. Cudi ciing, sau khi tdt ca cdc vi trf cat da dwogc
xét, thuat todn sé cho ra mot tap cdc tir ting cir vien. Lidc nay hé thong sé sit dung dir licu
thong ké tir vung dé lra chon \tng cir vién t6t nhat tir tap tren.

Muc 2 s& mé ta chi tiét hon cdc bude ciia thuat todn xdc dinh cac vi tri cat trén anh dau
vao, Muc 3 mo td cu vé ciu tric mang noron bon 16p, cich thirc trich chon dic trung cia
doi twong can nhan dang, cdc két qua déi sanh va thir nghiém mang, Muc 4 dé cap dén mot
s6 khai niém da sir dung trong thong keé tir vung, qué trinh tao tir dién tir vung dé lwu triv
céc thong tin phuc vu cho nhan dang, Muc 5 mo ta chi tiét vé thuat todn nhan dang tir dua
trén thuat toan xac dinh vi tri cat, mang noron bén lép va tir dién tir vung véi cac két qua
thuc nghiém cu thé. Cudi cling phan két luan sé tong két lai nhitng két qua hién tai da dat
dwroc va mot s6 de xudt cho hwéng phat trien tiép theo.

2. PHUONG PHAP XAC PINH CAC VI TRi CAT TREN ANH PAU VAO

Tir nhitng nghién citu mot cach true quan ve chir viét tay cho thay: Trén mot van ban
viét tay bat ky thuomg c¢é nhirng ky tu duoc viet dinh nhau, céc vi tri dinh nhau thwong
nam & phan giao gitra bién bén trai cia ky tu thit nhat va bién bén phai cia ky tuw thi hai
va dudng ndi gitra cac ky tu thwong ¢é dang cidc dwdong cong dic trung véi do cong va kich
thude khdc nhau (Hinh 1).
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Hinh 1. Mot s6 ki€u chir viét tay - chit viét dinh nhau
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Hinh 2. Mot s6 kieu duong cong dic trung noi gitra hai ky tuw
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Nghién citu trén tap mau tir viét tay da thu thap dwoc (tr nhiéu ngudi viét khic nhau),
chiing toi nhan thay cdc dwong cong dic trung noi gitra hai ky tw thuomg & mot s6 dang co
ban nhw trén Hinh 2. Trén co s& d6, ching to6i dé xuat thuat todn xdc dinh cic diém cat
trén anh dau vao dua trén viéc xéc dinh cac vi trf ¢6 mat do thap trén bidu do tan xudt theo
chiéu thang dirng cia khéi anh va xéc dinh tam diém cia cac dwong cong dic trung:

Thuét toan 2.1. Thuit toan xdc dinh céc vi tri cat trén mét anh dau vao
INPUT:

- StartPos, EndPos: toa do bat dau va két thic cia ving anh hién thoi dang dwoc xét
(tinh theo anh goc).

- Ma tran 4nh goc cda tir can nhan dang.

- Tép luat xac dinh cac dwong cong dac trung.

OUTPUT:

Danh séch céc vi tri cat da tim dwoc, trong dé thong tin ve maéi vi trf cat la: toa do bat
dau (dwoc tinh bang toa do bat dau cia viing anh hién tai), va toa do cia vi tri cat tim dwoc.
PROCESS:

Buwdc 1: Tinh histogram (biéu d6 tin suat) theo chiéu thang ding cia dnh dau vao.

Budc 2: Tim kiém tat cd cac vi tri ¢6 mat do tan sudt thap (=~ 0), truomg hop nhiéu vi tr
lien nhau cing ¢6 mat do tan sudt = 0, ta sé chon vi tri dau tién va bd qua cdc vi trf lien ke
né cho dén khi gap diém cé mat do tan sudt # 0. Luu céc vi tri cat da tim dwoc vao mot
danh sdch (list).

Budc 3: Xéc dinh tat ci cac dudmg cong didc trung trén anh (dwa vao tap cidc dudmg cong
da dwoc dinh nghia & trén).

Buéc 4: Vi moi dwong cong dic trung da tim dwoc, tién hanh:

1. Tim kiém céc diém chac (thwomg 13 diém chac 3, chac 4) trong khodng [x — d, 2 + ¢],
véi @ 1a toa do diém muit bén phai cia dwong cong dac trung va 6 la hé s6 dé dieu chinh
khoang tim kiém. Néu ¢é nhieu diém ciing thda man sé wu tién chon cdc diém phia bén phai.
Néu khong tim duwgce diém chac nao, ta sé chon diém mut hodc trung diém cia dwong cong
nay lam diém cat.

2. Lwu vi tri cat nay: Luu toa do bat dau cia ving anh dang xét (StartPos) va toa do
diém cat vira tim dwoc vao danh séch trén.

Buwdc 5: Sap xép lai danh séch theo chieu ting dan cia toa do x cia diem cat. Tra lai két
qué 1a danh sdch cac vi tri cat da tim dwoc.

Viéc xdc dinh céc vi tri cat dua vao cic diém cé mat do tin sudt thap cho phép ta xéc
dinh dwoc diém cat chinh xéc gitta hai ky tu khong dinh nhau. Viéc xdc dinh céc vi trf cat
duwa trén cidc duong cong dic trung cho phép xdc dinh dwoc vi tri cat twong déi gitta céc ky
tuw dinh nhau. Chang han, v&i dnh dau vao cia tir “skew”, & lan duyét dau tién, thuat todn
sé tim dwoc b vi tri cat (pos; — poss) nhw trén Hinh 5. Trong dé vi tri cat thit nhat 1 diém
c6 mat do tan sudt nhd nhat (= 0), cdc vi trf con lai tim dwgce dua trén cac dudng cong dédc
trung.
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Hinh 3. Két qua cia thuat todn xdc dinh cdc vi tri cat khic nhau trén dnh dau vao

3. XAY DUNG MANG NORON BON LGP
DE NHAN DANG CAC VI TRI CAT

Nhu chiing ta déu biét, déi véi bai todn nhan dang chir viét tay, ngoai van dé lam sao
dé xdc dinh dwoc chinh xdc vi trf phan cach giita cdc ky tw, chat lwong cia thuat todn con
phai ddm bdo khong bi dnh hudng nhiéu bdi do nghiéng, do day mdng va kich thuée cia
cac ky tw. Thuwe nghiém da cho thiay cdc thuit todn nhan dang truyen thong nhw doi sanh
mau, nhan dang theo ciu tric khong dam bio dwoc chat lwong khi st dung cho nhan dang
chir viét tay. Hién da cé nhiéu phuwong phdp thich hop cho nhan dang chir viét tay da duwoc
de xudt nhu: phwong phdp nhan dang bang quy hoach dong (dynamic programming) [14],
bang mo6 hinh mang noron [11], mé hinh support vector machine (SVM) [5], mé hinh markov
an (HMM) [2]. O day chiing téi theo huéng tiép can nhan dang bang moé hinh mang noron.
Viéc stt dung mé hinh mang noron cho nhan dang cé moét s6 wu diém nhu: cai dat don gidn,
viec huan luyén mang khéng phu thudc nhieu vao thit tuw cia cdc mau hoc, viéc bieu dién va
lu trix cde tri thite da hoc 1a don gian.

3.1. C4u tric mang va viéc trich chon d#c trung nhén dang ddi twong

Véi bat ky mot mang noron nao thi dau vao bao gior cling la cdc vée to dic trung cia
déi twong can nhan dang. Cé ba céch ti€p can thuong duwoc sit dung dé xéac dinh vée to dac
trung cia mot déi twong [6,10]: Cach thit nhat 14 14y truc tiép ting diém anh trén ma tran
dnh dau vao lam dau vao cia mang, cdch thit hai la xay dung cdc ham dé€ tinh toan cic dac
trung va st dung két qua cia cdc ham dé lam dau vao ciia mang, cach thit ba 1a thiét ké céc
16p mang noron dé tinh todn céc dic trung dé mot cach twr dong. Cach ti€p can nhat cé wu
diém la thue hién don gian, khong ton nhiéu thoi gian tim hiéu vé doi twong. Tuy nhién, véi
cach tiép can nay thi chit lwong nhan dang cia mang thwong khong cao do bi dnh hwéng
nhiéu béi nhieu. Ngoai ra, thoi gian huan luyén va toc do tinh todn cida mang cham do so
lwong céc lién két trong mang 16n. Cach tiép can thit hai 14 cach tiép can hay dwoc sit dung
nhét, c¢6 the dung cho nhieu phwong phap nhan dang khdc nhau chit khéng chi riéng mang
noron. Tuy nhién, céch tiép can nay phu thudc rat nhieu vao nhitng tiéu chuan vé dac trung
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cla déi trong ma ching ta da dwa ra, néu nhirng tiéu chuan dwa ra khong tot thi nhirng dac
trung chon dwoc sé khong phai 1a cdc dic trung nhan dang doi twong. O day, ching toi di
theo céch tiép can thit ba, ching téi da xay dung cau tric mang bon 16p [7,8] (khong ké 16p
dau vao).

Ma trdn anh Khong gian dac Lop an 1 Lop an 2 Lop dau ra
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Mang noron truyén thing bén 16p

Lép mang duwoc xay dung dé trich chon cic dic trung la 16p dau tién cia mang (ky hiéu
16p F - Hinh 4). Dau vao cia 16p nay la mot mat phang kich thude 24 x 24 (ky hieu Py),
moi phan tir ciia Py twong trng véi mot diém anh cia ma tran anh dau vao (d4nh xa 1-1). Céc
noron cia lép F dwoc phan bd trén mat phang P; kich thuée 6 x 24, trong dé moi noron
duwoc lien két véi mot viing dac trung trén mat phang dau vao. Mot viing dac trung trén mat
phang dau vao dwoc dinh nghia 13 ving chita tap cdc diém anh dwoc chon lwa theo mot sé
quy tac da dinh truéce, cu thé & day ching t6i da chon ving dac trung theo cic phép chidu
trén hai truc ngang/doc va céc phép chiéu theo hai duomg chéo chinh/phu (Hinh 5), trong
d6 bao gom 24 ving theo phép chiéu trén truc ngang, 24 ving theo phép chiéu trén truc doc,
48 vung theo phép chiéu trén duwong chéo chinh va 48 ving theo phép chiéu trén dwong chéo
phu. Véi cdch cau tric nhu vay, trong qud trinh huan luyén mang (theo thuat todn truyén
thang véi sai s6 lan truyén ngwoc), moi noron cia 16p F sé khong bi anh hwdng béi tat ca
céc phan tit clia mit phang dau vao ma chi chiu tdc dong cia nhitng phan tir nam trong
vung dac trung lién két véi né, néi cach khéc la s6 lien két ciia moi noron dwoc tinh bang s
phan tir nam trong ving dic trung lién két véi né. Cu thé hon, téng gid tri gid tri kich hoat

n

lén noron thit 7 (v}

1) sé duoc tinh theo cong thitc: v} = 3 w;jo; + b}, véi @ 1a gid tri cla

7=1
phan ti thir j trén ving dac trung, n 14 tong s6 phan ti cda viing dic trung, b} la do léch
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Hinh 5. Mot s6 phép chiéu trén anh

Nhuw vay, ro rang véi cdch tiép can nay, trong s6 cia cdc dic trung nhan dang doi twong
(cdc dac diém chung cla tdp mau thuoc cling mot 1ép ddi tirong) sé dan dan dwoc tang lén,
nguoc lai, trong s6 cla céc diac trung khong ding dé nhan dang déi twong (khong phai la
nhing ddc trung co ban cia doi twong) sé dan dan bi triét tiéu trong qué trinh hudn luyén
mang. Co ché nay cho phép han ché dwoc sur anh hwéng cia nhiéu cing do nghiéng, do dich
chuyén, phéng to, thu nhé ctia anh dau vao. Ngoai ra, véi cach tiép can nay ching ta ciing
khong can dau tw nhiéu vao viéc nghién citu va tim hieu tdp mau dé xdc dinh dwoc céc tieu
chuan ve dic trung cia déi twong nhw cdch tiép can thi hai.

3.2, K&t qua thuc nghiém

Chuing t6i da tién hanh ddi sanh kha ning nhan dang cia mang noron nay véi hai mang
noron ba lép: mang noron thit nhéat - st dung truc ti€p céc diém anh gdc lam dau vao cia
mang, mang noron thit 2 - sir dung két qua cia ciac ham tinh toan dic trung lam dau vao
cla mang (ching toi sir dung 144 dic trung lay tir 144 ving dic trung nhu da xac dinh &
trén, trong dé gia tri cia moi dic dwoc tinh bang trung binh gia tri cac diém anh trong viing
déc trung dd). Viéc thir nghiém dwoc tién hanh trén hai tap dir liew: Tdap chir sé vi€t tay
NIST ciia Viéen Cong nghé va Tiéu chuan Qudc gia Hoa Ky (National Institute of Standard
and Technology of the United States) bao gom 60.000 mau hoc, 10.000 mau thir va tap chir
cai khong dau viét tay (dwoc thu thap tir nhieu ngudi viét khic nhau) gom cé 10.000 mau
hoc va 1.816 mau thir. Két qua thuc nghiém dwoc thé hién trén bang 1.

4. TAO TU PIEN TU VUNG PHUC VU CHO QUA TRINH NHAN DANG

Pé c6 dwoc céc thong tin ve tir vung chiing toi da tién hanh théng ké trén 5GB dit lieu
dau vao bao gom cic trang web (HTML), céc file van ban (text, word document), cic file tai
lieu thudc cac linh viee nhw thé thao, vin héa, kinh t&, xa hoi, tin hoc, y t&,... trong dé xéc
suat xuat hién cia mot chir cai, cila mot cap chir cai va cia mot tir dwoc dinh nghia nhw sau:
e X4c suat xudt hién cia ky tw ch trén tap dir lieu D, ky hiéu la X S(ch|D), dwoc tinh bang
tan suat xuat hién cda ky tu dé trén tong tin sudt xuat hién cia tat ca cdc ky tuw ¢é mat
trong tap dir lieu dau vio: TS(ch| D)

XS(ch|D) = S~ T5(chiD)’
ch;, €D
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trong dé T'S(ch|D) la tan sudt xuat hién cia ch trén tap D, la tong tan suat xuat hién cia

tat cd cdc ky tuw ¢6 mat trén tap D.

Bdng 1
Cic théng Mang 3 16p thir nhat Mang 3 16p thir 2 Mang 4 16p
s0 Tap chitsé | Tap chit cdi Tap chit s6 Tap chik cai Tap chit s6 Tap chir cai

Sai s6 mang 0.1% 0.1% 0.1% 0.1% 0.1% 0.1%

S6 miu hoc 60.000 10.000 60.000 10.000 60.000 10.000
Thoi gian >30 gio ~5 gi¢y ~19 gi& 3 gi& <24 gi¢y 3.5 gi&

hoc
Ty 1€ nhén 99.97% 99.97% (3 99.97% (18 99.97% (3 99.97% (18 99.97% (3
dang lai trén (18 miu mau nhin mAu nhin mAu nhin mAu nhan mAu nhan
tap miu nhén dang dang sai/ dang sai/ dang sai/ dang sai/ dang sai/
hoc sai/ 60.000 | 10.000 miu) | 60.000 mau) | 10.000 mau) | 60.000 miu) | 10.000 miu)
mau)

S6 mAu Test 10.000 1.816 10.000 1.816 10.000 1.816
Thoi gian ~ 3 phat ~ 34 gidy ~ 3 phat ~ 35 giay ~ 2 phat ~21 gidy
nhén dang

82.2% 78.5% 91.7% ~88.2%(160 | 95.4%(9544 93% (1689
Tv1enhan | (8220 miu | (1426 miu (9170 mdu | 1mAunhdn | mé&unhan mAu nhan
de}lln ; dﬁﬁ nhan ding nhan nhan dtng/ | dung/ 1816 dung / dung / 1816
Mg AUne 1 /10,000 | dang/1816 10.000 mAu ) 10.000 mAu )
mau) mau) mau) mau)

e X4c suat xudt hién cia cip ky tu xy (hay con goi la x4c suat xuat hién cia ky tu y ngay
sau ky tu ), ky hieu X S(zy), duwgc tinh bang tin sudt xuat hién cta ky tu y ngay sau ky
tu @ trén tong tan suat xuat hién cla tat cd céc ky tw cé thé cé ngay sau ky tu z:
TS (xy|D
(o) TSID)

Y TS(ay|D)’
y; €D

trong d6 T'S(zy|D) la tan suat suat hién cia cap zy trén tap D, Y. TS(ay|D) 1a tong tan
y; €D

suat xuat hién cia tat ca céc ky tuw ¢é thé c¢é ngay sau « trén tap D.
e Xidc sudt xuat hién cia mot tir w, ky hieu WX S(w), dwoc tinh bang tich xdc suat xudt
hién cia tat ca cac cip ky tw lien ké nhau trong tir dé:

WX S(w) = XS(wowy) X XS(wiws) X ... x XS(w,_1w,),

s . ~ RN N N
vGi n la chiéu dai cda tir.

5. THUAT TOAN NHAN DANG TU

Vi ddc thit cia phwong phép (da trinh bay twong doi ro & Muc 1), & day chiing toi sir
dung cau tric dir lieu kiéu cay da phan dé luu trit cdc két qua nhan dang. Moi thao tdc xi
lj s& twong tng véi viee phat trien mot nit trén cay. Moi nit sé lwu thong tin vé két qua
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nhan dang dwoc tir mot vi tri cat dén céc vi tri cat ¢6 thé c¢é ngay sau dé bao gom ky tur
nhan dang duwoc va danh sach cac nit con:
struct CNode {
CNode *Parent; //Con tré dén niit cha
char *ch; //Mang ky tw nhan dang dwoc tai vi tri cat hién tai (it nhat 1a 1)
CPoint Pos //toa do cta vi tri cat hién tai (tinh theo dnh géc).
CTypedPtrList < CNode* CPtrList > ListChild; //Danh sdch nit con

}; Thuét todn dwoc mé ta nhu sau:

Thuét toan 5.1. Thuat toan nhan dang tir
INPUT: Ma tran anh cia tir can nhan dang: WordIMG.
OUTPUT: Két qua nhan dang duoc.
PROCESS:
Budc 1: Khoi tao:
- Khéi tao cay luu trir pParent, CurrentNode = niit goc (root) chita ky tu 0.
- Khédi tao mang noron va cac tham sé can thiét ciia mang.
- Nap tir dién tir vung.
- Xic dinh vi trf bat dau va két thiic cia ving anh hién thoi sé duwoc xét:
StartPos = Toa do bat dau cia ma tran anh goc;
EndPos = Toa do két thiic cia ma tran anh goc.
Budc 2: Kiém tra xem kich thuéc cia phan anh dau vao: EndPos - StartPos > 0?7 Néu
diing, tién hanh xdc dinh tat ci céc vi trf cat cé thé c6 trén phan dnh dau vao hién tai (dwoc
xéac dinh tir vi tr{ StarPos dén EndPos) theo Thuét todn 2.1 da mé ta & trén. Goi danh sich
céc vi tri cat da tim dwoc 1a €. Sau dé thue hién tiép Buéc 3.
Budc 3: Xét lan lwot K vi tri cat dau tién trong danh sich céc vi trf cat da tim dwoc:
For each AlnativeCut in € do{
1. Nhan dang phan dnh twong trng béi mang noron bon 16p & trén. Néu két qua nhan dang
la sai thi bé qua vi tri cat nay. Ngwoc lai, thue hién tiép thao téc 2 sau day:
2. Kiém tra xem céc k¥ tu vira nhan dang dwoc c6 hop 1y hay khong (dwa trén xdc suat xudt
hién cia ky tu nay ngay sau ky tu vira nhan dang dugc & buée lién trude dé). Néu tit ca
céc ky tur vira nhan dang dwoc deu khong hop 1@ thi bé qua vi trf cat nay. Nguwoc lai, thue
hién tiép thao tdc 3 va 4 sau day:
3. Tao nit méi:
newNode = new CNode;
newNode—ch = Mang cdc ky tu vira nhan dang dwoc;
newNode—Pos = Toa d6 cila vi tr{ cat hién tai;
newNode—parent = CurrentNode;
newNode—ListChild = NULL
4. Chén nit vira tao vao danh sdch cdc mit con ciia mit cha hién tai:
CurrentNode—ListChild—AddTail(newNode);
}//End For

Sau dé thue hién Budce 4.
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Budc 4: Kiem tra xem danh sdch céc nit con hién ciia mit cha hién thoi ¢é rong khong. Néu
khong rong thi chuyén sang Buéc 5. Nguwoc lai, danh sdch rong (chimg té vi trf cat trude dé
da bi sai) thi tién hanh loai bo nit cha hién thoi nay ra khéi cay va chuyén sang Buéc 6.
Buéc 5: Chuyén sang nit con cd: CurrentNode = Con dau tién trong danh sich va thuc
hién tiép Buéc 7.

Buéc 6: Kiém tra néu danh sich em lién ké cia niit cha hién tai # NULL, chuyén sang nit
em liéen ké nay: CurrentNode = Em lién ké, thuc hién tiép Buée 7. Ngwoc lai, két thiic
qué trinh phét trién cay (ldc nay tat cd céc vi trf cat déu da dwoc xét), chuyén sang Buéce 8.
Buagce 7: Thuc hién cac thao tac sau:

1. Tinh lai toa do bat dau va két thiic ciia phan anh tiép theo s& dwoc xét:

StartPos = CurrentNode—Pos;

EndPos = toa do két thiic ciia ma tran anh gdc.

2. Lap lai cac Buéce 2, 3, 4 doi véi phan anh dau vao vira xac dinh (StartPos, EndPos).
Budc 8: Tién hanh duyét cay theo chiéu sau dé 1dy danh sich céc tir trng cir vien: Ghép céc
ky tur theo tirng nhanh cia ciy, moi nhanh trén cay sé cho ra mot tmg cit vien. Trudomg hop
c6 nhiéu hon mot ky tuw dwoc lru & mot nit thi coi moéi ky tw dé nhiwr mot mit con thue sw
va tién hanh ghép nhw binh thuong; Sau khi két thic qud trinh duyét cay (tdt cd cdc nit
trén cay da dugce duyét), thuc hién tiép Budc 9.

Budc 9: (buée cudi cung): Chon ting cir vién tot nhat va trd vé két qua (ing cir vien tot
nhét 1a tir 6 tan sudt hodic xdc suat xudt hién cao nhat trong tap ing cir vién da tim dwoc).
Chii g

Van dé chon gid tri ciia tham s6 K: Vé nguyén tic, ching ta cin xem xét tat ci céc vi
tri cat va tim ra vi tri cat thich hop nhat. Tuy nhién, xudt phat tir thuc té 13 khong cé chit
céi nao cé thé bao gom qua 3 vi tri cat (truomg hop céce chir cdi ¢6 nhiu nét nhw chir w hoic
chtr m) nén thuong tham s6 K c¢é gid tri khong qua 3. Viéc chon gid tri cho K cing giam
nhd s6 tng vién can danh gid cia phan thong ké. Phan sau day sé trinh bay mot s6 tinh chat
cua Thuat toan 5.1.

Tinh chat 1. Goin la s6 vi tri cat tim dwoc ¢ “thao tdc it ly” ddu tién (trén dnh géc cia
tr can nhdan dang - Thudt todn 2.1), s6 ing cit vién t01 da duoc sinh ra sé la 2™ L (truong
hop khong gidi han K ).

Ching minh:

Goi F, 1a s6 trng vién cho mot anh cé n vi tri cit, ta cé:

+ Truomg hop khong cé vi tri cat, dé thay la chi cé 1 tmg vién duy nhét, vay Fp = 1
(=29).

+ Truomg hop cé n vi tri cat, xét vi tri cat thit n ta cé 2 trueomg hop xit Iy:

i. Vitrf cat nay hop 1&: Nhuw vay vi tri nay tdch mién anh lién thong thanh 2 phan, phan
dau c6 n — 1 vi trf cat, phan sau khong cé vi tri cat. S tng vién cia truwomg hop nay la
F,_1 x1.

ii. Vi tri cat nay khong hop lé: Nhuw vay mieén lién thong c¢é thé xem nhw mién cé n — 1
vi tri cat. SO tng vién cia trueong hop nay la F, 1.

+ Nhu vay ta c¢6 F,, = 2F,, 1, khai trién cong thic ta cé:

F,=2F, 1= =2"XF, ;= =2"x Fp = 2".
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Tinh chat 2. Vgi viée gidi han K vi tri cat dau tién trong danh sdch cdc vi tri cat da tim
duoc (Chon K = 3 - Thudt todn 5.1), sé wng cit vién 16 da sinh ra @01 véi mot dnh cén vi
tri cat (ky hiéu Fy,) sé¢ dvoc xdc dinh theo cong thicc truy hoi sau day:

hh=1,F"h=2K=4F,=F, 1+F, o+ F, 3 vé6in>3.

Ching minh:
— Trwong hop cé it hon 3 vi trf cat, n < 3, dé thay day chinh 14 truong hop da xét & trén.
Vay s6 tng ctr vién t6i da dwoc sinh ra la F,, = 27, cu theé:

Fo=20=1, F=2'=2 F,=22=14,

— Trudong hop c6 it nhat 3 vi trf cat (n > 3):

+ Néu vi trf cat dau tién trong s6 K vi tri dwoc xét 1a hop 1@ thi vi trf nay tdch mién lién
théng thanh 2 phan, phan dau cé 1 vi trf cat, phan sau cé n — 1 vi trf cat. S6 tng cit vién
cua truong hop nay la F,, 1.

+ Néu vi tri cat thit 2 trong s6 K vi tri dwoc xét 1a hop 1é thi vi trf nay tdch mién lién
théng thanh 2 phan, phan dau cé 1 vi tri cat, phan sau c¢é n — 20 vi trf cat. S6 tng cit vién
cua truong hop nay la F, .

+ Néu vi trf cat thit 3 trong s6 K vi tri dwoc xét 13 hop 1 thi vi trf nay tach mien lién
théng thanh 2 phian, phan dau cé 1 vi trf cat, phan sau cé n — 3 vi trf cat. S6 tng cit vién
cua truong hop nay la F, 3.

Nhu vay, ta cé F,, = F,, 1+ F, o+ F, 3.

Tinh chat 2 cho ta thay viéc giéi han K (K < 3) vi tri cat dau tién trong danh céc vi tri
cat da tim dwoc sé lam gidm déng ké s6 g cir vien dwoc sinh ra dac biét déi cac tir ¢6 nhieu
vi trf cat, chang han: Xét mot tir cé 10 vi tri cat (n = 10), véi truomg tong quat tong quét
thi 86 1tng cir vieén sinh t6i da sinh ra la Fjg = 219 = 1024 tir. Trong khi d6, néu ta giéi han
chi xét K = 3 vi trf dau tién, thi s6 tng cir vien toi da sinh ra 1a: Fjg = Fy + Fg + Fr = 504
tir (Fo = 1,Fy = 2,Fp = 4, Fy = 7,Fy = 13, F5 = 24, Fs — 44, Fr — 81, Fy — 149, Fy —
274, Fio = 504).

K&t qua thuc nghiém
Moéi trudng thit nghiém

Chung toi da cai dat hé thong trén ngoén ngir Visual C++ 6.0, sir dung thu vien CxImage
cho viéc hién thi va thao téc trén anh. Chuwong trinh dwoc thit nghiém trén hé diéu hanh
Window XP, mdy tinh PC téc do 2,4 GHz, bo nhé 512 MB RAM.

D1 liéu va két quad thit nghiém

Muc dich ing dung cida phwong phdp nay la nhan dang chir viét tay tiéng Viet. Tuy
nhién, do hién tai chwra cé dwoc mot co s& dit lieu chir viét tay tiéng Viét chuan dé danh gid
nén hién tai chiing t6i da tién hanh thir nghiém trén tap co s& dir lieu tir viét tay tiéng Anh
IAM [13], bao gom 556 trang dnh (form) dwoc viét bdi 250 ngudi viet khac nhau. Tap chir

cai dé huan luyén mang noron gom cé 55000 chit (cat ra tir 350 form dwoc chon mot cich
ngau nhién). Tap tir A€ thit nghiém gom 13589 tir. Két qua thit nghiém nhu sau:
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Két qua thwe nghiém cho thay:

e Phuong phdp nay dat chat lwong tot khi chiv viét tay dwoc viét roi nhau hodce chir viét
dinh nhau nhung dé nhan biét (khong bi chong lén nhau, khong bi mat nét). Trong truong
hop chit viét qua ngody hoac nghiéng qué 15° thi chat lwong nhan dang cia phwong phép
nay khong tot. Tuy nhién, trong thwe té, véi nhirng kicu chir viét quéd xdu nhw vy thi céc
céch tiép can khéc cling khong cho chat lwong cao. Vi vay, d€ gidi quyét bai todn nhan dang
chit viét, ngudi ta thuwomng phai duwa ra mot s6 rang bude véi tap dir lieu dau vao: chir viet
twong d6i dé nhan biét (day dd nét v khong xoan hay long vao nhau).

e Viéc sit dung thong tin tir vung ngay trong buéc nhan dang da gidp loai boé dugc cdc vi
tri cat sai ngay khi né dwoc phat hién, dieu nay lam gidm kha ning sai sét, gidm thoi gian
tinh toan cling nhw lam gidm s6 tng cit vién can danh gia & phan thong ké dan dén lam tang
chat lrong nhan dang. Vé&i kiéu chir viét khong bi dinh nhau thi d6 chénh léch ve thoi gian
nhan va ty 1&é nhan dang ding gira viéc st dung tir dién tir vung va khong sit dung tir dién
13 khong nhiéu (thoi gian trung binh dé nhan dang mét tir trong truwomg hop khong str dung
tir dién nhanh hon khodng 0,007s). Tuy nhién, ddi véi céc kieu chir viét dinh nhau (dé xady
ra nhap nhang) thi thoi gian trung binh dé nhan dang mot tir trong trwomg hop st dung tir
dién s& nhé hon so véi tredmg hop khong sir dung tir dién khodng tir 0,2s dén 0,3s va ty 1é
nhan dang ding trong truwomg hop nay ciing tang lén khodng tir 3% dén 5%.

6. KET LUAN

Trong bai bdo nay chiing toi da dé xudt mot hwéng tiép can méi dé nhan dang tir viet
tay dua trén mang noron két hop véi thong ké tir vung. T két qua thir nghiém da cé cing
nhwr céc dac tinh cia phwong phdp nay cho thay day 1a mot cach tiép can kha thi dé nhan
dang chitr viét tay (dac biét 1a kiéu chir viét bi dinh nhau). Vé&i phwong phép nay, tat ci cic
vi trf cat ¢6 thé ¢é trén anh dau vao deu duwoc xem xét do vay néu ching ta xay dung dwoc
tap cac dwomg cong dac trung day du thi cac vi tri cat ding chic chan s& khong bi bd qua,
c6 nghia 1a két qua diing chac chan s& nam trong tap ng ctr vién da nhan dang dwoc. Bén
canh dé, viec st dung do do zdc sudt zudt hién cia mot tr dé danh gid kha nang lra chon
cla Mot tir 1 mot gidi phap di tot dé chon ra duwoc két qua diing. Ngoai ra viéc sit dung céc
thong tin vé tir vung ngay trong bwéc nhan dang sé giip phwong phép nay tranh dwoc kha
nang bung noé t6 hop do da phat hién va loai bd dwoc céc vi tri cat khong hop 1y (cac vi tri
cat sai) ngay trong khi nhan dang,

Mot s6 dé xudt cho huwéng phéat trién ti€p theo

bé huéng dén muc tiéu tng dung cho tiéng Viét, trong thoi gian téi, ching toi sé tiép
tuc tap trung vao cic huéng nghién ciru sau day:

- B6 sung thém céc tiéu chuan xéc dinh vi trf cat.

- Thu thap tap co s& dir lieu mau chir viét tay tiéng Viet.

- B6 sung thém mot s6 16p mang dé nhan dang cdc cap tir déi trong tiéng Viét.

- B6 sung thém phan phan tich ci phép va ngit nghia tiéng Viét vao trong qua trinh nhan
dang dé viéc hiéu chinh va khit nhap nhang chinh xéc hon dong thoi dé két qua nhan dang
khong bi phu thuoc nhiéu vao dir liéu thong ké dau vao.
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