Ky yéu Héi nghi Quéc gia lan thit X vé Nghién citu co ban va img dung Céng nghé thong tin (FAIR), Pa Ndng, ngay 17-18/08/2017
DOI: 10.15625/vap.2017.00068

MOT PHUONG PHAP PHAN DOAN KY T CHO BAI TOAN NHAN DANG
CHU VIET TAY ONLINE

Nguyén Thi Thanh Nga', Bui Thu LAm?, Nguyén Dirc Diing’

Vién Cong nghé thong tin, Vién Han 1am Khoa hoc va Cong nghé Viét Nam
2 Khoa Cong nghé thong tin, Hoc vién Ky thuat Quan sy

thanhnga.mta@gmail.com, lambt@Iqdtu.edu.vn, nddung@ioit.ac.vn

TOM TAT Bai bdo dé xudt mét phwrong phdp phdn doan ky tu trong nhdn chit viét tay tryc tuyén (online) tzeng Anh. Phuong phap
@é xudt viéc sir dung thudt todn ldy mau Ramer dé tao over-segmentation két hop véi két qud nhan dang va thong ké ngit canh nham
cdi thién d¢ chinh xdc ciia vi tri phdn doan ky tw. Mgt engine nhdn dang sir dung mang hoc sdu dé dira ra diém phan doan t6t nhat.
Phén thuc nghiém duwoc tién hanh trén bé dir liu IAM-ONnDB, la bg chir viét tay tiéng anh online duoc thu nhan bdng thiét bi "smart
whiteboard". Cdc két qua nhdn dwoc cho thdy phwong phdp dé xudt c6 kha ning phdn doan chinh xdc ranh gidi cdc ky tir trong bai
to&n nhdn dang chir viét tay online tiéng Anh.

Tir khéa: Phan doan ky tir, Recurrent neural network (RNN), Long short-term memory (LSTM), ChiF viét tay online, IAM-onDB.

I. GIOI THIEU

Mic du van dé nhan dang chit viét tay da dwoc nghién ctru trong hon 30 niam [2, 3, 4], nhung hién nay né van
con rat nhidu van dé mé. Nhan dang chit viét tay dugc chia thanh 2 loai: nhan dang tryc tuyén (on-line) va nhan dang
off-line. Trong do, chit viét tay on-line 1a tip cac toa do diém theo thoi gian, dai dién cho su chuyén dong cua dau but
khi viét trén thiét bi thu nhan, trong khi do, chir viét tay off-line chi c6 hinh anh ctia vin ban c6 san. Trong bai bao xem
xét viée phan doan ki ty d6i v6i van ban viét tay on-line trén mot tim bang, goi 1a “smart boad” [7]. P4y 1a mot nhiém
vu kho, vi ddi véi chir viét tay on-line thu nhan duoc tir mot tim bang, ngudi viét dung chir khong ngdi tua tay trén
bang nhu viét trén thiét bi may tinh bang, do d6 cac dong vin ban trén bang thuong khong c¢6 cing kich thudc, d xién,
nghiéng. Pong thoi kich thudc cta cac chir cai 1a khong gidng nhau ¢ dau va & cudi ciia 1 dong (Hinh 1.b). Do dé, can
phai phan doan cac dong vin ban thanh cac thanh phan nho hon dé nhan dang.

Phén doan ky tu trong nhan dang chir viét tay on-line 1 vin dé khé boi diém phan tach giira cac ky tu thuong
khong ro rang do sy day thua cua céac toa do diém dit liéu. Néu khong co6 cac dAu hiéu nhan dang ky tu thi khong thé
phan tach rd rang cac ky tu duoc. Do d6, mot cach dé thuc hién 13 két hop ca phan doan va nhan dang. Trong bai bao
dé xudt mot phuong phap phan doan ky tu dua trén phan doan over-segmentation, str dung thuét toan 1ay mau Ramer
[1]. Khi thuc nghiém trén b dit liéu IAM-ONDB cho thiy thuét toan phan doan dé xuit c6 kha ning phan doan tét dbi
v6i nhirng truong hop cac nét bi viét 1ién nhau, khong dugc phan tach thanh cac ki tu riéng biét.

) Nhom tac gia xay dung mot engine nhan dang ky tu sur dung mang hoc sau Long short-term memory (LSTM)
huan luyén trén’b(f) dwr liéu UJP’EN-OnDB[14]‘ va bo ki tu trich xuat tir bo dir liu I’AM-'OnDB [7] cho két qua nhan
dang ki tu 1én dén 99,67% khi lay top-4 ki tw gan nhat dé dua ra cac diém phan tach tot nhat.

Th& g[f& bﬂjad@ has artiwea
Adenaves s in a hw.ah Spe k. Uqlhh"_

\ bf‘i’q gu«wr" oA (ovcf" le

\ (dpflﬂl"ﬂW?ﬂjL"‘ ( guu(r-f'-§~(‘ S ‘[o

\

Hinh 1. (a) Qu4 trinh thu nhan dit liéu (b) Dit liéu viét tay online

Céu tric cua bai bao v6i cac phan con lai nhu sau: Phan I1. Trinh bay mo hinh nhan dang chit viét tay on-line.
Phan III. M6 hinh mang Recurrent neural network (RNN)/ Long Short Term Memory (LSTM). Phan IV. Trinh bay
phuong phap phan doan dé xuét. Phan V. Trinh bay vé phan thyc nghiém va cac két qua dat dugc, danh gia. Phan VI.
Két luan va hudng phat trién tuong lai.
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I1. MO HINH NHAN DANG CHU VIET TAY ONLINE

A. Tong quan vé nhan dang chir viét tay

Nhén dang chi viét tay on-line dugc thuc hién trén co s¢ luu lai cac thong tin vé nét chir cling nhu thtr ty nét
viét hudng va toc do cta nét viét trong qué trinh dang viét. Pay chinh 1a co s¢ dé may tinh nhan dién dugc cac chir cai.
Nguoc lai, di v6i nhan dang chit viét tay off-line, dir liéu dau vao 1a anh vian ban da dugc quét. Nhan dang chir viét tay
on-line 14 nhiém vu méi, ddc biét la kiéu dir lidu on-line thu dugc tir thiét bi “smart board”. Khé khan 16n nhét khi
nghién ctru bai toan nhan dang chit viét tay on-line 1a sy bién thién qua da dang trong cach viét cta timg ngudi trén mot
thiét bi thu nhan. Cing mot ngudi viét nhung dbi khi ciing c6 nhiéu sy khac biét trong cach viét tiry thudc vao timg ngir
canh, kiéu viét cia mot nguoi cling co6 thé thay doi theo thoi gian hodc theo thoi quen... Diéu nay gy ra nhidu tré ngai
trong vi¢c trich chon ddc trung cling nhu lya chon mé hinh nhan dang.

Hién nay, c6 rat nhiéu cong trinh cong bd cho bai toan nhan dang chir viét tay on-line, nhu phuong phap nhan
dang chir viét tay on-line str dung Hidden Markov Model (HMM) cua Marcus Liwicki va HorstBunke [11] cho két qua
nhan dang dat 65,4% khi khong sir dung mo hinh ngén ngir va 70,8% co6 st dung mo6 hinh ngén ngit trén bo dir li¢u
IAM-OnDB, hay phuong phap Connectionist Temporal Classification (CTC) két hop mé hinh Bidirectional Long
Short Term Memory (BLSTM) [10,12] cho két qua nhan dang dat 74,0% trén bo dir liéu IAM-OnDB. Sy khac biét
dang ké gitta bai toan nhan dang ky tu riéng biét va nhan dang ca tir hoan chinh Xuét phat tir sy thé hién da dang cua
cac ki tu khi xuat hién cing nhau va phuong phap phan doan ki ty sao cho chinh x4c trong mot tir da khién cho viéc
hudn luyén cac thuat toan hoc may gip rat nhiéu kho khan.

Mot s6 md hinh nhan dang chir viét tay on-line thudng chuyén kiéu dit liéu dang tap hop cic diém sang dang
hinh anh dé tién hanh phan doan va 4p dung cic phuong phap nhan dang off-line hién c6. Nhu trong mé hinh nhan
dang chir viét tay on-line sir dung mang Multi Convolution Neural Networks (MCNN)[13], tac gia chuyén kiéu di liéu
tir on-line sang ma tran cac fixel anh dé thyc hién, tién hanh thir nghiém trén bo dir liéu MNIST cho két qua nhan dang
89% cho nhén dang ky tu.

Bai bao cua tac gia de cap dén mot khia canh khéc trong nhan dang chir viét tay on- Ime nhan dang truc tiép trén
tap dir liéu thd ma khong can phai chuyén kiéu dir liéu tir tip cac toa do diém sang anh, ¢ ging cai thién phuong phap
phan doan ki ty dé tang chét lugng nhan dang.

B. M4 hinh nhan dang chir viét tay on-line

Pé nhan dang van ban viét tay noi chung, can xéc dinh cac dong, sau d6 xac dinh cac tir r6i nhan dang tung tur,
dé nhan dang tir, ta can phai phan tach cac ki tu trong tir bang cach xac dinh cac vi tri cat. Tiép theo ta s& tién hanh
nhan dang cac phan duoc tach ra ddng thoi diém tra xem ki tu vira nhén dang duoc c6 hop ly hay khong bang cach st
dung thong ké ngit canh, néu théa méan s& ghi nhan vi tri cat hién tai va lap lai cac thao tac ndy véi cac phan con lai.

Nhu vay, qua trinh nhan dang s€ dugc thuc hién ddi voi mdi phan doan, mdi cach phan doan ki ty twong (mg
véi mot duong di, moi diém trén duong di twong ung véi mot ki ty duge nhan dang di kém vdi d6 chinh xac cua ki ty
d6. Sau khi qué trinh nhan dang két thuc, ta ghép cac ki ty trén mdi duodng di s& thu dugc mot danh sach cdc tir Gmg cu
vién (tir c6 kha nang dugc lya chon) tuong (mg véi mot cach phan doan dbi véi tir dau vao. Vi phuong phép nay néu
xac dinh dwoc tir c6 N vi tri cét thi sb tir tmg vién toi da sinh ra s& 1a n! tir. Khi d6, ung vién ¢ xac suat nhan dang va
thdng ké ngit canh cao nhét s& dugc chon. Dir liéu théng ké ngit canh duogc lwu vao hai tir dién: tir dién bi-gram murc ki
tur va tir dién uni-gram mirc tir.

Mo hinh nhan dang chir viét tay dugc mo ta trong Hinh 2.

Dfrlﬁéu Tién xtr ly dir Phan doan
ontine liéu On-line dong

Phén doan tir
(Subpart) /Chuan

Phan doan ki tu
/Chuin hoa ki tuw

Trich xuét dic
trung
Vector dac
trung

Engine nhan
dang ki tu

Hau xtr ly dix Danh séch
liéu top-k ki tu

Két qua nhan
dang

Hinh 2. M6 hinh nhan dang chit viét tay Online English (tiéng Anh)
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H¢ tl‘léng bao gdbm 6 module chinh:

e Tién xir ly dit liéu on-line (online preprocessing): thuc hién loc nhiu cua dit liéu tho;

e Téch dong (line segmentaion): Thyc hién tch cac dong vin ban khoi doan van ban;

e Téch tir (hay con goi 1a cac SubPart) va chuan hoa cac tir (SubPart segmentaion and nomalization);

e Tach ky tu va chuan héa ky tu (character segmentation and nomalization);

e Trich chon dic trung (feature extraction): chudi cac diém dir liéu dugc chuyén thanh chudi cic vector dic
trung,

e Nhan dang (recognition): ¢ day sir dung LSTM dé nhan dang ky tu, dua ra dugc danh sach cac ki ty gin
gidng nhat véi dit liéu dua vao;

e Hau xtr ly (post-processing).

Trudgce khi trich rat dac trung, dir liéu thd ban dau gén duoc tién xir Iy va chuéin hoa. Piéu nay rit quan trong
trong hé thong nhén dang chir vict tay, boi vi moi nguoi viet s& c6 do nghién, xién, chiCu cao, rong cua nét chir 1a khac
nhau. Cac ky thuét tién xir 1y dit liéu chit viét tay on-line dugc trinh bay rd rang va chi tiét trong cac tai liéu [3, 5, 7].

Sau khi tién xt 1y dit liéu, ta phan tach dit liéu thanh cac dong, dua vao khoang cach cua toa d6 diém x cta diém

cudi ciing ctia dong trén va diém dau tién ciia dong dudi (hay con goi 1a LOS feature- Line off-stroke). Tir do, ta dua ra
duoc danh sach cac dong.

FrArnad T v Levios

Hinh 3. Tach cac dong trong van ban viét tay

Sau khi phan tach dugc cac dong, do déc diém cua dit liéu trén mot dong c6 d6 to nho khac nhau, thudng thi s€
to & phan dau, va nho hon & cudi dong (Hinh 1.b), do d6, can phai phan doan dong thanh céc thanh phan nho hon (goi
la cac SubPart hay céc tir), cac thanh phan s& dugc tach ¢ nhimg khoang trong c¢6 kich thudc 16n hon khoang tréng
trung binh trén toan dong, dong thoi kich thude cua ca 2 SubPart phai 16n hon 1 ngudng xéc dinh trude.
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Hinh 4. Tach céac subpart (hoac tir) ctia dong
Sau khi tach duoc cac thanh phéan con (SubPart hoac #r), tién hanh phéan doan ky tu, cac phan tach dugc co thé 1a 1
ky tu hodc 1 phan cua ky tu, két hop cac thanh phan nay lai véi nhau ta s& co cac phuong an phén doan cho mdi SubPart,
v6i mdi phuong an phan tach, sir dung engine nhén dang ting phan dé dua ra diém phan tach t6t nhat nhén dang ting
phan phén tach va két hop véi cac thong tin ngit canh dé dua ra két qua nhan dang chit viét tay on-line t6t nhét.

Tuy nhién, viéc phén tach ky tu trong chi viét tay on-line 1 v6 cung kho khin do sb luong diém day dic, cing
véi toc do viet day mong cua céc nét va thict bi thu nhan dir liéu, 1am cho viéc phan tich bang cac phuong phap thong
thuong hét suc kho khan.

O phan V s¢ trinh bay rd phuong phap d& xuit phan doan ky tu trong cac thanh phan con (SubPart) dua trén
phuong phéap over-segmentation va phuong phap lay mau Ramer.

I1l. MANG RECURRENT NEURAL NETWORK VA LONG SHORT TERM MEMORY (RNN/ LSTM)

Dic diém cua chir viét tay on-line 1a chudi cac diém co toa do (x,y) dai dién cho vi tri ctia ddu but khi viét trén
thiét bi thu nhan, day 1a mot kiéu dir liéu lién tyc theo thoi gian. D& nhan dang dwoc kiéu dit lidu nay, mot s6 mo hinh
trude day st dung Hidden Markov Model (HMM), HMM 1a mét phuong phap hiéu qua trong viéc mé hinh hda quan
hé cua dir liéu dAu vao va thoi gian. Tuy nhién do tinh chét Markov, d6 1a HMM chi m6 hinh dugc sy tuong tac cuc bo
ctia dir lidu (dic trung cia ddu vao thoi diém t chi phy thude vao dic trung ciia diu vao tai thoi diém t-1 ). Do vay
mang Recurrent Neural Network (RNN) va mang cai tién Long- Short Term Memory sé& 1a mot cach tiép can t6t hon.
A. Mang Recurrent Neural Network (RNN)

M6 ta cach thirc hoat dong ciia md hinh RNN nhu sau: cho trude mot chudi ddu vao x = (x®, x@, .., x"). Mé
hinh RNN s& tinh chudi vector ting 4n va dau ra twong tng h = (h®, h@ _ AMyvay = ™, y?, .., yV) bing cach lap
cac phuong trinh sau tir t = 1 dén T:
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h® — f(\NxhX(t) +\WMhRED +bh)
y® = softmax(W "h® +bY) "

Trong d6: x“ Ia input tai thoi diém thir t. T 1a ¢ dai cta chudi dau vao. Ham f 1a ham nonlinearity (Sigmoid,
tanh hogc ReLU). " 1a hidden ¢ thoi diém t-1, W 1a ma trén trong s6, ddu ra y 1a vector chira xéc suét ciia déi trong
can phan loai. softmax twong Gng v6i ham softmax function nhu ham d¢ 16i (loss function). D6i voi ham softmax
function ta dung ham cross-entropy loss (hay con goi 13 negative log likelihood).

Mot cach hiéu qua dé hinh dung mang RNN d6 1a trai mang theo chudi ddu vao nhu duge mé ta trong hinh 5.
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Hinh 5. Mang RNN dugc trai ra theo thoi gian
Theo nhu hinh, mdi nat biéu dién mot téng clia mang tai mot thoi diém. Tuy nhién trén thyc té, pham vi ngit
canh ma md hinh RNN chuin c6 thé truy cap dwoc 1a rit han ché. Mot van dé d6 1a anh hudng cua dit lidu dau vao lén
tang 4n va sau d6 1a tAng dau ra c6 thé bi giam hodc ting dang ké khi ta lap cac két ndi hdi quy cuia RNN. Van d& nay
dugc goi 1a “vanishing/exploding gradient’ nhu mé ta trong hinh 6. Trong phan tiép theo, bao céo s& trinh bay md hinh
Long-Short Term Memory (LSTM), 1a mot dé xuat trong dé giai quyét van dé trén.

Output

Hidden
Layer

Intputs
Time
Hinh 6. Vé4n d& “vanishing gradient’ d5i voi RNN
B. M©& hinh Long-Short Term Memory (LSTM)

Kién trac Long-Short Term Memory (LSTM) bao gém mot tap cac khdi nhé (memory block). Mdi khdi nay
chira mét hodc nhiéu don vi nhé (memory cells) va 3 cdng 1a: cong ghi vao (ig - input gate), cong xoa (fy - forget gate)

va cong ghi ra (0g- output gate).
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Hinh 7. LSTM gilp giam nhe tac dong cia van dé ‘vanishing gradient’

Mot mang LSTM ¢6 thé duoc xem nhu mot mang RNN, tuy nhién thay vi sir dung nit véi phep tong hop tuyen
tinh va ham kich hoat, mé hinh LSTM s& sir dung cac khéi nh¢ voi muc dich didu khién cac ludng thong tin ra vao mdi
khéi nhé. Co ché hoat dong cuia cac khéi nhé nay gitip cho cac don vi nh¢ LSTM c¢6 thé Iuu gitr dwoc cac thong tin
ngit canh trong mot khoang thoi gian dai, va giam bot duge van dé ‘vanishing gradient’. Vi du nhu trong hinh 7, m6 ta
s anh huong cua nit vao [én cac nat ¢ tang an va tang dau ra (mau den thé hién sy anh huong manh va mau tring 1a
sw anh huong yéu). Bé don gian, co thé hiéu cac cbng chi ¢ 2 trang thai, déng hodc mé. Don vi nh¢ s€ nh input dau
tién khi cong forget mé va cong input dong va cac nat & d4u ra s& bj anh hudng néu nhu cong output mo.
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IV. PE XUAT PHUONG PHAP PHAN POAN

Dic diém cia kiéu dir liéu on-line dugc thé hién dudi dang tap hop cac diém toa do cua mdi nét chit. Mdi nét
(stroke) co thé 1a mot ki tw, mot ph?m cua ki ty hodc ciing co thé 1a cac ki tu lién k& nhau. Do d6, dé phén doan ki ty, ta
xét cac truong hop mot nét 1a mot ki tw, mot ph?m cua ki tu va céac ki ty lién nhau. Dbi voi treong hop mot nét 1la mot ki
tu, tién hanh nhén dang va str dung xac sudt nhan dang dé dua ra ki ty dung nhét, ddi véi truong hop 1a mot phén cua ki
tu, tién hanh ghép cac nét lién k& va tién hanh nhan dang dé dua ra truong hop ghép hop 1y nhit, ddi véi nét 1a cac ki ty
lién k& (hay con goi 1a mot SubPart), ta phai phan tach thanh cac ky tu, viéc phéan tach sir dung phuong phap phan doan
dugc dé xuit dudi day.

Dbi v6i viec phan doan SubPart, mot s6 cac phuong phap co ban thuong chuyén dir liéu on-line sang dir liéu
off-line (dir liéu anh) dé thuc hién phan doan, sau d6, st dung phuong phap Histogram theo chiéu ngang dé phan doan
dong va theo chiéu doc dé phan doan ki ty. Trong truong hop nay, duong phéan cach 1a khoang diém c6 sb luong diém
anh cat hai dong hodc hai ki ty 1a it nhét, khi d6, trén lugc d6 histogram, cac duong phan cach 1a cac duong thap nhat
trén luge do histogram. Tuy nhién, diém han ché khi ding phuong phap nay 1 dit li¢u off-line thuong ¢6 cac nét dam,
manh khac nhau tuy vao viéc nhan dau but xuong gidy, nhung dir li¢u on-line thi khong, néu chuyén dbi 2 kiéu dir liéu
nay v6i nhau s& khién thong tin dir liéu bi mat mat, phan bd diém anh trén cac net khong déu nhau, dan dén viéc phan
doan s& khong chinh xac. Do d6, phuong phap phan doan ma tac gia dé xuat dugc thuc hién ngay trén tip cac toa do
diém (x, y), mdi mot SubPart co d6 dai n diém, n thudng 16n va phan bé diém thudng khong déu nhau. Trong bai béo,
tac gia dé xudt tén goi 1a thuat toan ROVS (Ramer Over Segmentation).

Dit liéu Ly miu SubPart_new
SubPart SubPart

Phan doan
SubPart_new

Phan doan
SubPart

Céc ung vién
phén doan

Engine nhan
dang ki tu

l

Phuong phap
phan dqz_m tot
nhat

Hinh 8. Phuong phéap phan doan dé xuat

SubPart Sampling SubPart

SeglnSampSubPart OveSeginSampling

Best Segment

Hinh 9. Vi du vé& phuong phap phan doan d& xuit

Tu tuong chinh cta phuong phép la sir dung that toan lam giam sO lugng dir ligu ma Kkhong lam mét mat thong
tin cua dit liéu gbc ban dau va dam bao van dai dién cho cac dudng nét cua SubPart ban dau. Thuét toan dé giam sb
lugng di liéu hay con goi la lay mau duogc sur dung ctia Ramer [1], s& dugc trinh bay cu thé & dudi day. Sau khi giam
kich thudce dir liéu, tién hanh phan tach trén dir liéu méi. Co mot dac diém cua dit lidu on-line 1a thi tu diém thu nhan
duoc sap xép theo thir ty nét but cua 1 ngUoOi viét, do do, de tién hanh phan doan ky ty trén SubPart ta sap xep lai dir ligu
theo chidu ting cua toa do X cua mdi diém. Viéc sap xép nay nhim muc dich phan tach tdt cac khoang trang dai dién
tidu biéu cho cac ranh rdi giita cac ki tw hodc mot phan ky tu ma khong lam thay d6i hinh dang cuia nét chit. Viéc tach
cac phan trén tap di liéu méi dya trén khoang cach gitra cac diém lién tiép 16n hon mot ngudng cho trude. Sau khi tich
dugc cac phan con trén dit liéu moi, danh dau cac diém phan tach va quay lai phan doan trén tap dir liéu gdc ban dau.

O day c6 cac tham s6 nhu viée giam kich thudc dir lieu xudng con bao nhiéu la du, hodc ngudng phan tich nhin
gia tri bao nhiéu la phu hop, s€ dugc trinh bay ¢ cac phan tiép theo.
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A. Ldy cdc diém dit ligu dic trung

Muc dich 1a giam kich thuéc s6 diem dif li¢u trong céc nét cua SubPart, chi giit lai nhing diém dir ligu dic
trung ciia moi nét. Viéc trich chon cac diém déac trung st dung phuong phap cua Rammer [1].
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Hinh 10. (a) Phuong phap Ramer (b) Két qua sau khi ldy mau

Thuit toan Ramer:

Thuat toan su dung 2 ngan xép OPEN va CLOSED. Néu cac dinh duoc kiém tra s& dugc day vao stack OPEN,
néu sau khi kiém tra thoa méan dleu kién thi dinh s€ dugc day tir ngan xép OPEN sang ngédn xep CLOSED. Thuét toan

s& duoc 1ap cho dén khi ngin xép OPEN rdng. Cudi thuat toan, ta s& thu dwoc nhitng diém can lay nam trong ngin xép
CLOSED.

Béty dau bang mot da giac (Pa giac co thé kin hodc khong kin). Tao mot dudng thang giita 2 diém dﬁu,cuéi (bay
1a phép xép xi ban dau cho da gidc don gian). Tinh toan khodng cach gilta canh va cdc dinh con lai. Neu dinh c6
khoang cach 16n nhat va 16n hon mét ngudng £ cho trude thi thém diém vira xét vao danh sach cac diém can lay mau.
Lap lai bude 2 cho dén khi khong con diém nao cé thé dugc thém vao danh sach cac di€m can lay mau.

Thuit toan: Ramer cho chudi dir liéu khong khép kin (Open Curves)

1. PUSH (closed, first point)
2. PUSH(open, last point)
3. while (NOT(EMPTY (open)))

4. do

5. A &STACKTOP(closed);

6. B < POP(open);

7 Find C|d(P,A'B)<d(C,A'B), YPeA'B,P=C;
8. if d(C,AB)<e

9. then

10. PUSH(closed,B);

11. else

12. PUSH(open, B);

13. PUSH(open,C);

Thuit toan: Ramer cho chudi dit liéu khép kin (Closed Curves)

1. PUSH (closed, first point);

2. PUSH (open, first point);

3. PUSH (open, last point);

4. while (NOT(EMPTY (open)))

5. do

6. A <STACKTOP(closed);

7. B < POP(open);

8. Find C|d(P,A'B)<d(C,AB), YPe A'B,P=C;
0. if d(C,AB)<e

10. then

11. PUSH(closed,B);

12. else

13. PUSH(open, B);

14. PUSH(open,C);

Diém dau - diém cubi 1a diém dAu cua SubPart; diém cudi 1a diém két thic cua SubPart.
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_ Feature _ Level
T w_sp*h_sp
count _ point_sp @)

Trong dé:
Mic dinh Feature_Level=300; w_sp la chiéu rong cua SubPart; h_sp la chiéu cao cia SubPart;
Coﬂunt_proint_sp 1a s6 diém dur liu trong SubPart; £ 1a ngudng cho phép ctia khoang cach giira cic dinh va dudng
thang noi gilra 2 diém dau cuoi.
B. Thuee hign Over-Segmentation trén div ligu da dwoc ldy méu
_ Sau khi da ly dugc nhitng diém ddc trung, ta phan tich thanh céc thanh phin con (hay con goi 1a SubChar).
Moi SubChar dugc phan tach néu khoang cach gitta chung nhé hon mét ngudng xac dinh trudc. Thong thudng viéc
xac dinh ngudng s€ dya vao khoang céch trung binh trén toan bo SubPart.
Mbi SubChar dugc tach ra c6 kha nang 1a mot ky tu hodc mot phan ky tur.
8P, 5P.8F: 5Py 8P;

-

Hinh 11. (a) Mot truong hop cta phan doan ky tu (b) Minh hoa két qua phén doan t6t nhét
Thuat toan: ROVS cho phan doan ki ty

§P; SP.

INPUT: Tap hop diém dai dién cho tir can phan doan (Supart) P={py,p,....p}-
OUTPUT: Danh sach cac tng vién c6 kha nang lua chon (twong ting véi cac cach phan doan khac nhau)

1. Sir dung thuit toan Ramer lay mu trén tap dit liéu P, thu dugc P' (Sampling SubPart)
2. Thuc hién phan doan trén tap P'

- Trén tp P". Tim céc diém p; thda méan: p'i. X<Height/2; Trong do: Height 1a chidu cao cua tir (dugc tinh bang
khoang cach giir diém c6 toa d6 Y cao nhat trir di Y ¢6 toa d6 thap nhat). Khi d6, ta co tap P"

- Trén tap P".Tim céc diérp ung clr vién phan doan p"; thoéa man: |p"-p"i+1| > B. Trong d6: B la ngudng cho
trude, trong bai bao tac gia dang de g = 10.

- Khi d6, ta thu dugc tap P* 1a tap cac diém ung vién cho viéc phan doan.

3. Tao cac wng vién phin doan
Ta dua tir tap P* ={SP,SP;...,SP} .Véi n 1a s6 diém phan doan c6 dugc tir budc 2

- Tu tap P* chua,céc diém ung vién phan doan, ta sinh ra cac truong hop phan doan ( LiStcandseg) bé“mg cach két
hop 2, 3 cac doan lién ti€p lai vdi nhau ta co:

Listcangseg={ ( SP1,SP2, SP3, SP4,..., SPp.1, SPy),
(SP1+SP, , SP3, SPy,...,SPp.1, SPy),
(SP1+SP,+SP3 , SPy,...,SPn.1, SPy),

(SP1, SP 5, SPs, SP,,...,SP.1+SP,)}
Trong do: Mbdi hang cla LiStcangseg twong img voi 1 cach phan doan cho tir dau vao.
4. Tinh x4c suit ciia mdi cach phan doan
Tt dang sach cac cach phan doan LiStanggeq. VOi mdi trudng hop phan doan Cand; tinh xac sudt Prob_Cand :
Gia st SubPart S ¢6 mot cach phan doan CandSeg={SP, SP5,...SP,} , n 1a s6 phan doan trén mot SubPart
n n-1
P(CandSeg | S) =] [P(SR)] [ P(SRSP.,)P(SRSP,...SR,)
i=0 =0 3)
Trong d6: P(CandSeg|S) 1a xac suat cua cach phan doan CandSeg ddi véi SubPart S
P(SP;) 1a x4c suét két qua tét nhat dua ra tir mé hinh vé6i dau vao SP;.
P(SP;SPi.1) 14 x4c suat xuat hién ctia cip SPiSP+; (st dung tir dién bi-gram murc ki ty)

P(SP1SP,...SP,) 14 xéc sudt xut hién ctia 1 tir (str dung tir dién uni-gram mirc tir)
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5. Tim cach phan doan c6 xAc suét 16n nhit
Tinh: Bestcandseg
Bestcangseg =ArgMax(P(CandSeg;)) (4)
véi i =0,k , klasé luong cdc phcfn it ciia Listcangseg
6. Pura ra két qua phén doan ) ) ) .
) (C6 thé dua ra top-1, 10p-2 hodc top-k cdc phan doan tot nhat dia vao xdc suat cia moi ung vién phan dogn
doi véi dau vao SubPart)

Nhu vay, toan bd qua trinh thye hién dugc thé hién dudi day:

Buoc I: Buoc 2: Buoc 3

A 4

Hinh 12. Minh hoa céc két qua dat dwoc sau mdi buée thyc hién thuat toan ROVS

V. THUC NGHIEM VA PANH GIA
A. H¢ thong nhdn dang

Dé kiém thtr cho phwong phap d& xuét, bai bao sir dung mé hinh nhan dang engine nhan dang LSTM cho nhan
dang chir viét tay online Tiéng Anh. Co s¢ dit liéu dugc str dung 1a bd ky tu duoc trich xuét tr bo dit liéu IAM-OnDB.
Bo dit lidu dugc phan thanh 35 16p, tuong tmg véi 35 ky tu (a-z, 1-9) trong tap dit liéu. B6 phan loai LSTM ¢6 sé dau
vao: 8, sb dau ra 35, s6 noron l6p an: 350. B dit liéu huin luyén ki tu gf”)m: 61260 ki tu, chia lam 6 phﬁn: 3 ph'?m train,
1 phan lam validation train , 1 phan test train, 1 phan d¢ test lai hé thong. Dong thoi, cai dat bo phan 16p SVM véi ham
hat nhan RBF dé so sanh céac két qua voi LSTM.

Theo két qua trong Hinh 13, bg phan 16p LSTM cho lfé’t qua tot hon so v6i b phén 16p SVM, do d6, nhom tac
gia st dung két qua nhan dang cua b phan 16p LSTM d¢ tien thanh phéan thyc nghiém phan doan ky tu va nhan dang
tur trong muc B dudi day.

Két qua nhan dang cta engine nhan dang ki ty LSTM va SVM:

Két qui nhin dang ky tw sit dung
LSTM/SVM (%)

102
99.6.

100

58

56
M L5TM™

94 +
- syM

92

80 -

88 -

BE -

84

Top-2 Top-3 Top-4 Top-5

Hinh 13. Biéu dd két qua nhén dang ki t khi sir dung LSTM/SVM

B. Thuc nghié¢m phdn dogn tir, phdin doan ky tw

Dé danh gia hé thong ciing nhu hiéu qua cta phuong phap dé xuat, ching toi sir dung bo dit ligu IAM-OnDB
[9], day 1a b dir liéu bao gom tap hop cac diém theo chicu chuyén dong cua dau but khi viet trén "smart whiteboard™
ctia 221 ngudi viét khac nhau. Bo dit liéu gdm 12,1279 dong vin ban, 727,674 tir va c6 3,638,370 ky tu. €

Tién hanh thyc nghiém trén bo dir liéu TAM-OnDB vdi 2 phﬁn thyc nghiém phan doan tir va phan doan ky tu
véi cac chi so danh gia sau:

Vi mdi dong van ban, goi:

N_Char_Truth va N_Subpart_Truth 1a sé ky nr va SubPart cua dong vin ban
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N_Char_Segment va N_Subpart_Segment 14 sb ky # va SubPart ma phuong phap tim ra.

N_Char va N_Subpart 14 sb ky f va SubPart(Word) ma thuat toan d& xuat phan doan dung so vai dit liéu gdc.
Khi d6:
Precision 12 ti 1¢ gitra s6 &y e/ SubPart ma thudt toan dé xuat ding véi s ky e/ SubPart ma thuat toan tim ra.

Recall 14 ti 18 giita s ky 1/ SubPart ma thuat toan dé xuét v6i s ky ru/ SubPart cua dong vin ban.

.. N_Ch o .. N_SubPart
Precision = ————__ x 100% hoac Precision = —————__ x 100% (5)
N_Char_Segment N_SubPart_Segment
N_Ch o N_SubPart
Recall= ———— _x 100%  hoic  Recall= ——— """ x 100% (6)
N_Char_Truth N_SubPart_Truth
B . . . N 2xPrecisionxRecall
F-measure dugc tinh tir Precision va Recall nhu sau:  F-measure = oo XReCAT (7
Precision+Recall

% Thyc nghiém tién hanh thong ké két qua phan doan tir trén 200 dong, mdi dong c6 5 tir trich rat tir bo dit lidu
IAM-OnDB.

Do chinh xac phan doan twr (%)

99.8
99.6 -
99.4 -

m D0 chinh xac phan
99.2 - doan tir( %)
99.0 -
98.8 -

Precision Recall F-measure

Precision | Recall F-measure
99,7 99,2 99,4
Hinh 14. Biéu dd thé hién két qua phan doan tir trén b6 dit liéu IAM-OnDB

% Thyc nghiém tién hanh thdng ké két qua phan doan ki ty sir dung LSTM trén 1000 tir trich rat tir tap dit lidu
IAM-OnDB.

D0 chinh xac phan doan ky tu (%)

100
99.5
99
98.5
98 = LSTM
97.5
97
96.5
96
95.5
95

Precision Recall F-measure

Char Acc. | Precision | Recall F-measure

LSTM 96.8 99.7 98.2
Hinh 15. Biéu db thé hién két qua phén doan ky ty trén b dit liéu IAM-OnDB
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Pd chinh xdc nhan dang tir (%)

o7
96.5

96

8955
95 PR - -
B B4 chinh xdc nhan dang
945 tir (%)
94 -
935 1
93 - T T T

Top-1 Top-2 Top-3 Top-4

Top-1 Top-2 Top-3 Top-4
94.29 95.12 95.71 96.67

Hinh 16. Biéu d két qua nhan dang tir khi kiém thtr trén bo dir lidu tir trich xudt tir dit lisu IAM-OnDB

Do chua thu thap dugce tap dir liéu thir nghiém chudn gitra cac phuong phap phan doan khéc nhau trén cing mot
tap dit liéu nén tai thoi diém hién tai bao céo chwa thé dua ra duge mot ddi sanh cu thé giira cach tlep can cua chiing toi
v6i cac cach tiép can khac. Tuy nhién, tir dic trung ciia phuong phap ciing nhu thong qua mot s6 két qua phan doan dit
liéu thuc nghiém trén tap chit viét tay on-line trich rat tir tip IAM-OnDB véi cac kiéu chir khac nhau cho thiy day 1a
mot cach tiép can kha thi cho viéc phan doan ky tu.

Viéc xéc dinh cac diém dic trung clia mbi mot tir s& giam thiéu cac diém dit lidu du thira, léy duoc cac diém co
ban dai dién cho mdi nét chir. Viéc xac dinh nhiéu diém cat & cing mot thoi diém, két hop v6i sir dung cac két qua
thdng ké ngit canh ngay trong qua trinh nhan dang dam bao cho thuat toan ludn chon dugc vi tri cit chinh x4c nhat
tuong Gmg vai két qua nhan dang t6t nhat.

Bang 1. M6t s 5 két qud phan doan ki tu cho mét $6 kiéu tir dién hinh

Tir bang két qua & trén, ta thay thuat toan phan doan dé xuat dua ra két qua phan doan khé tot d6i véi cac kiéu
chir viét tay dién hinh.Viéc phan doan truc tiép trén dit liéu dang chudi han ché cac nhidu hay cac thong tin sai léch
trong qua trinh chuyén dbi kiéu dit liéu tir on-line sang off-line. Phuong phap cho két qua tét d6i véi hau hét cac kiéu
chir dinh nhau ma duong ndi gita cac ki ty ¢6 kich thude tuong dbi (khéng qua nho).

Tuy nhién, van con mot sé van dé chwa giai quyét duogc:

e Chua giai quyét dugc truong hop hai ki tu dinh chdng 1én nhau hoic bi 16ng nhau, ching han trudong hop dinh
nhau gitra chr "O" va "P" nhu dudi day:
ik

e D6i voi nhitng ki ty ¢6 1 nét nhu "I","i"* hodc "'t , khi 1iy diém dic trung, thuong s& khién phan doan bi sai
do cac diém dac trung dugc lay nam trén cung mot nét thang dung, do d6, khi thuc hién phan doan, nhat cat phan doan
s€ doc theo nét thang ding cua ki ty. Vi du dudi thé hién cho diéu do.

L

S ek
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Nhu vay, thudt toan phan doan ky tu ROVS cho nhan dang chit viét tay on-line ma bai bao d& xudt cho do chinh
xéc kha cao. Két qua cua qué trinh phan doan phu thudc it nhiéu vao engine nhan dang ky ty ma ngudi ding st dung.
Phuong phap dé xuat dé hiéu, d& cai dat. Phuong phap dé xuit chay tot ca dbi véi nhiing tap dir liéu bi mat mat dir licu
(hay sb diém dir liéu it). Tuy nhién, dbi v&i nhung truong hop viét lién nét, gop nét thi phuong phép khong thé phan
doan ky tu duoc.

VI. KET LUAN VA HUONG PHAT TRIEN TUONG LAI

Nhan dang chir viét tay online thu dugc trén thiét bi "smart board" 1a mot nhiém vu khé, vi dac diém cia dir ligu
viét tay phirc tap hon nhiéu so vé6i viéc viét trén mot thiét bi smart phone hay tab,.... Hién nay do chinh xac ctia céac
phuong phap nhan dang cho b dit liéu viét tay online English méi chi dimg lai & 74,0% véi viée sir dung CTC [10,
12] va 65,4% véi viée sir dung HMM [11]. Viéc d& xudt phuong phap phan doan ky tu c6 d6 chinh xéac cao s& gitip cai
thién chét lwong cua nhan dang chir viét tay online.

Trong thoi gian t6i, tac gia s& tiép tuc nghién clru cac phuong phap phan doan ciing nhu nhan dang dé giai quyét
trueong hop viét lién nét, gdp nét va cai thién do chinh xac cua phuong phap nhan dang trén bg dir liéu IAM-OnDB. So
sanh danh gi4 vé6i cac phuong phap khac trén cting mot tap dir liéu dé dua ra nhan xét tbng quan vé thudt toan dé xudt
véi cac nghién ctru ¢6 lién quan.
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A CHARACTER SEGMENTATION METHOD FOR ONLINE HANDWRITING
RECOGNITION

Nguyen Thi Thanh Nga, Bui Thu Lam, Nguyen Duc Dung

TOM TAT: In this paper, we propose an online characters segmenting for Online handwriting recognition. The proposed method
uses the Ramer sampling algorithm to create over-segmentation to improve the accuracy and speed of character segmentation. A
recognition module uses deep neural network to provide the best segmentation score. The experiment was conducted on the IAM-
OnDB data set, an online English handwritten character set acquired by the "smart whiteboard". The results show that the proposed
method is capable of accurately segmenting characters in online handwriting recognition.



