[PE CUONG CHUONG TRINH DAI HOC]

1. GIOI THIEU BAI TOAN

Nhan dang ki tr quang hoc (Optical Character Recognition — OCR) 1a linh vuc
nghién ctru cach chuyén d6i anh sé duoc chup hay quét tir tai liéu viét tay, danh

may hay in thanh dang van ban mdy tinh c6 thé hiéu dugc.

Trén thé gi6i, cong nghé OCR di c6 nhing tic dong sdu sic dén nhiéu linh vuc
trong san xuat va doi séng. Viéc chuyén cac vian ban in trén gidy thanh dang dién
tir nho gon va dé tim kiém gitp hang triéu trang sach bao dén duoc véi ban doc
khip noi trén thé gi6i. Bang cach két hop voi phan mém text-to-speech luong tai
lidu nay c6 thé duoc doc thanh tiéng cho nhitng ngudi khiém thi. Nhiéu buu dién
da ap dung hé thong phan loai thu ty dong dya trén may doc bi thu ¢6 cai phan
mém OCR. Cac ngan hang doc ndi dung cua séc dé chong rira tién, gian 1an va ca
phat hién khung bd. OCR con di vao doi séng hang ngay qua nhitng thiét bi thong
tin ca nhan (PDA) gitp ngudi str dung nhap di liéu bang cach viét 1én man hinh
cam Ung thay vi dem theo b ban phim cong kénh.

O Viét Nam, cong ngh¢é OCR mdi chi phat trién & giai doan dau véi mot vai bo
phﬁn mém nhan dang ki ty in nhu VnDOCR, VietOCR, ABBYY trong khi d6 linh

vuc nhan dang chit viét tay van con bo ngo.

V61 s6 lugng 16n tai li¢u viét tay can dugce xr 1i cling nhu sy phat trién cua cong

nghé di dong va PDA day 1a mot hudng nghién ciru day trién vong.

Qua trinh OCR gém nhiéu bude nhu phan tich cAu tric van ban, tach dang, tach ki
tur, kiém tra ngit nghia dé ting do chinh x4c... nhung budc co sé ma bat ky chuong
trinh OCR nao cling phai thyc hién la nhan dang ki ty (don 1¢). Trong thoi gian han

hep cia d6 &n mon hoc ching em chon thuc hién budc nay.
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2. MO TA BAI TOAN

Gia thiét rang & bude xur 1i trude ki ty dd duge phan lap, két qua 1a cac anh nhi
phan kich thudc 60x80 mdi anh chira mot ki tr tiéng Viét (co6 dau) trong d6 céac ki
tir ¢6 d6 nghiéng khong qua 16n va kich thudc hop chuin véi sai s6 chap nhan

dugce, can chuyén ki ty thanh dang ma ho4a Unicode.
Chuan kich thuéc cua chir cai:

« ascender height: trung v&i canh trén cia anh.

* cap height: trung véi canh trén cia anh.

« median: 1/3 chiéu cao anh.

« baseline: 4/5 chiéu cao anh.

* descender height: tring v6i canh dudi cua anh.

« chiéu rong: xap xi chiéu rong anh.

ascent ascender height

cap height

mean line median I x-height

baseline
descent descender height
Nhu vay c6 nghia la chuong trinh s€ khong xtr 1i nhitng chit céi co6 kich thude qua
nho, qua nghiéng léch hay bién dang qua mirc. Cac chir cai nhu thé gia thiét da

dugc dua vé dang chuan (vdi sai s6 chap nhan duoc) & budc xtr i trudec.
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3. PHUONG PHAP GIAI QUYET BAI TOAN

Chuong trinh “Nhan dang ky tu viét tay tiéng Viét” stt dung mo hinh mang neuron
va thuat toan lan truyén nguogc. Sau ddy 1a chi tiét vé phuong phap nay.

1.1. Co sé 1y thuyét

1.1.1. Mang neuron

» Mang neuron nhan tao (artificial neural network) 1a mot mé hinh toan hoc hay
mo hinh tinh toan 12y cdm hiing dua trén cau truc ciia mang than kinh. Mot mang
neuron bao gom cac nhdém neuron dugc noi véi nhau, trén co s¢ d6 thong tin dugce
xu ly.
» MO0 hinh mang neuron nhan tao thuong dugc ap dung vai cac bai toan nhan
dang, dac biét vaoi cac bai toan co nhiéu biéu dién hinh anh.
> Cung véi giai thuat lan truyén nguoc, mang neuron thich hop véi cac bai toan
mang céac dic diém sau:

v Mot thé hién dugc biéu dién bai nhiéu cap gia tri.

v" Ham muc tiéu dau ra c6 thé co gia tri roi rac, gia tri thuc hodc mot vector gia

tri ro1 rac hodc gia tri thyec.

v' Céc vi du hoc c6 thé co 1.

v Thoi gian huan luyén dai 12 chip nhan duoc.

v Cb thé yéu cau sy tién héa nhanh ctia ham muc tiéu can hoc.

v/ Kha ning con nguoi hiéu ham muc tiéu can hoc 14 khong quan trong.
1.1.2. Perceptron
Co ban ctia mang neuron nhan tao dya trén khai ni¢m perceptron.

a. Biéu dién perceptron:
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Mot perceptron nhén gié tri dau vao 1a mot vector thue, tinh toan té hop tuyén tinh
ctia dau vao d6 va dua ra du ra bang 1 néu két qua 16n hon mot ngudng nao do, va
bang -1 néu nguoc lai:

O(X ., X ) = 1 If Wo+ WXy + Wy Xy + ... + W, X, >0
—1 otherwise
v&i mdi wi 12 mot hing gia tri thuc, hay trong s, quyét dinh su dong gop cua dau

VA0 X; vao dau ra cta perceptron. Gia tri Wy 12 mot ngudng dé té hop giira trong s6

va dau vao WiXq + ... + wpX, phai vuot qua dé perceptron cho ra gid tri 1.

C6 thé viét:

o(X) =w - x
Huén luyén mot perceptron hoc bao gém viéc chon cac gia tri trong s6 Wy, ..., Wy
cho thich hop.

b. Nguyén tic huén luyén perceptron

Mt cach dé hoc mét vector trong sb chép nhan duge 13 bt diu véi mot trong $6
ngau nhién, sau d6 4p dung timg vi du hoc cho perceptron, thay doi gia trj trong sd
néu no6 phan loai nhdm vi du. Qua trinh nay dugc lap lai qua nhiéu 1an dén khi
perceptron phan loai cac vi du hoc chinh xéc. Trong sb thay doi sau mdi budc theo
nguyén tic hudn luyén perceptron nhu sau:

Wi < W; + Aw,
voi

Aw;=mn(t — 0)X;

O day t 1a d4u ra muc tiéu cho vi du hoc hién tai, o 1a dau ra sinh boi perceptron va
n la gia tri héng duong goi la téc dé hoc (learning rate). Vai tro cuia tdc d6 hoc la
kiém soat mirc do trong s6 thay d6i sau mdi bude. N6 thuong duoc gan gia tri nho
(VD 0.1).

C. Sai s6 hudn luyén (training error)

Sai s6 thuong dugc tinh bang:

Ele(t —0)?
d d
2deD
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v6i D 1a tap vi du hoc, tq 12 ddu ra muc tiéu cua vi du hoc d, va 04 1a du ra tinh

toan cua vi du hoc d.
1.1.3. Mang neuron nhiéu 16p va gidi thudt lan truyén nguwoc
a. Ham nguing

Mot perceptron chi cho dau ra 1a mot ham tuyén tinh. Him ngudng duoc sir dung

dé dua cac gia tri dau ra 1a mot ham khong tuyén tinh cua cac gia tri dau vao.
Céac ham ngudng hay st dung la:
» Ham sigmoid:

o(X) = o (w - x)

O =
) 1+e”’

» Ham tanh:

0(x) =tanh(w -x)

tanh(y) =———
() el +e”’

ey —eY

b. Mang neuron feedforward

» Mang neuron feedforward la mang neuron ma cac neuron ¢ 16p trudc noi mot

chiéu vai 16p sau cia no.
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Input from User Program

l i

Input Layer

@@ Hidden Layer

Output Layer

l

Quput to External
Environment

> Thong thuong mang neuron nhiéu 16p chia thanh 3 loai 16p:
v Ldp input: La giao dién ciia mang neuron v4i méi trudng ngoai, chi ¢o
nhiém vu lay dau vao.
v Lép hidden: La cac 16p an & giita, c6 nhiém vy tinh toén.
v' Lép output: La dau ra ciia bai toan.

Sb neuron & 16p input va output thuong xac dinh véi cac bai toan, tuy nhién sé 16p

hidden va s6 neuron & moi 16p hidden can xac dinh bang thuc nghiém.

C. Gidi thudt backpropagation

BACKPROPAGATION(training_example, 1, Nin, Nouts Nhidden)

Mbi vi du hoc la mét gdp c6 dang (X,t) véi x la vector dau vdo va t la vector

muc tiéu.

nla toc do hoc. nip, Nout, Mhidden lan lwot 1a s6 neuron ¢ Iop mput ouput va hidden.

Pau vao tir neuron i dén neuron j ky hiéu la Xji, va trong so tir neuron i dén neuron

J ky hiéu la wj;.

» Tao mot mang feedforward voi nj, input neuron, Ny, OUPUL NEUroN, Npigden
hidden neuron.

= Khoi tao trong sb 13 cac gia tri ngau nhién nho (VD giita -.05 va .05)
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= Cho dén khi thoa man diéu kién két thuc:
Véi mdi (x,t ) thudce vi du hoc:
1. Cho gia tri dau vao X va tinh toan gia tri dau ra 0 ciia mdi neuron.
Lan truyén sai s6 nguoc lai mang:
2. V&i mdi neuron k & 16p output, tinh sai s6 &
é(?ok(l_ok)(tk_ok) ’
3. V6i moi neuron h ¢ 16p hidden, tinh sai s6 o,

&=0,(1-0y) Z Wiin O

keoutputs
4. Cap nhat lai moi trong s6 W;;
vol

d. Momentum

Mot cach phd bién dé thay d6i nguyén tic cap nhat trong s trong thuat toan 1a lam
cho cap nhat trong sb trong vong 1ip thi n phu thudc mot phan vao 1an cap nhat
thir (n - 1) nhu sau:

Awj; (n) = 76X i+ aAw;; (n 1)
0 < a < 11a mdt hang s6 goi 1a momentum.
1.2. Giai quyét bai toan
1.2.1. Chwong trinh
> Input: L& mot anh nhi phan cta chir cin nhan dang.
» Ouput: Ky tu da dugc nhan dang cung mé unicode ctia no.
> Chuong trinh gdm chirc ning v& va lay anh tir bén ngoai dé nhan dang.
1.2.2. Khoi tao mang neuron
> Lép input: Gom 60 dau vao.

60 dau vao duoc 1iy bang cach tach bién anh thanh chudi Fourier, 1dy nhiéu nhit 6

thanh phan lién thong va 10 gia tri ctia chudi Fourier véi mdi thanh phan.
> Lop output: Gom 16 dau ra.
Céac dau ra chinh 12 ma nhj phan ctia unicode cua ky tu can nhan dang.

» Luya chon ham ngudng: Do céac dau ra la cac bit nén ham sigmoid dugc chon de

lam ham ngudng.
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» Téap vi du hoc va kiém tra
v' Céc vi du hoc va kiém tra duoc léy tlr cAc mau viét tay thuc té ciia céc sinh
vién trong giang duodng.
v' Céc mau sau khi scan duoc xir Iy thanh anh nhi phan va tach sin thanh céac
thanh phan dau ra va dau vao tuong Gmg dé huin luyén va kiém tra.
1.2.3. Chudn bi div liéu
Dé thu thip mau chir viét tay chiing em da nho cac ban trong giang duong dién céc
chir cai vao phiéu. SO lwong phiéu phat ra 14 khoang 200 phiéu. Cac phiéu nay khi
thu vé s& duoc quét vao trong may va diung mot chuong trinh tach thanh ting ki
tu.

10
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Nh& cac ban dién gitp cac chix cai vao cac 6 dudi day.
Hay dién vao chinh gitra 6, cach vién 6 1 doan dé chuong trinh dé xdr Ii.
Xin cam gn! X
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Hinh 1 Phiéu thu thap miu chi viét tay
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1.2.4. Cdc két qua thwe nghiém
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a. $é Idp hidden

Layer size
100
100
100
100
100
07
0,6
0,5
04
03
0,2
0,1
0
0

Learning rate  Momentum

0.5
0.5
0.5
0.5
0.5

0.6
0.6
0.6
0.6
0.6

Layer  Bestvalidate
count error
0 0.3438487922
1 0.2557802063
2 0.2082746529
3 0.2025941125
4  0.6304081646
Wl Best
validate
error
"= Beot
performanc
e

Best
performance

0.4495412844
0.5871559633
0.6559633028
0.6559633028
0.0825688073

Training time

0.1009166667
0.4101333333

1.0681
2.2036166667
1.5053166667

Mang neuron véi 3 16p an c6 xac suat nhan dang ding tuong duong véi mang cé 2

16p an nhung error nhd hon mot chat. Thoi gian hudn luyén ciia mang ting kha

nhanh khi s6 16p 4n ting tir 0 dén 3.

Két qua ctia mang neuron 4 16p an thap hon hdn cdc mang con lai do s6 16p an 16n

yéu cau s6 1an 13p 16n hon dé tinh chinh két qua. Trong khi d6 diéu kién dimg cua

thuat toan dugc chon ¢b dinh 1a sau 100 lan lap ma khong giam duoc validate

error.

b. §6 neuron ¢ I6p hidden

Layer count

W W w w w

Learning rate Momentum

0.5
0.5
0.5
0.5
0.5

Layer
size
0.6 50
0.6 80
0.6 100
0.6 120
0.6 150

12

Best validate
error

0.4587816385
0.2118265925
0.2025941125
0.2166624127
0.4611618863

Best
performance

0.2752293578
0.6330275229
0.6559633028
0.6467889908
0.2752293578

Training time

0.3109166667
1.7182166667
2.2036166667
2.7471166667
1.4589666667
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07

0.6

0.3

04

03

02

01

0
&0 80 100 120

150

ik Best
validate
Error

& Best

performanc

Khi sé neuron 16p an vuot qua 80 thi ting sé neuron khong tac dong nhiéu dén két

qua. Vi mang 150 neuron mdi 16p an, két qua thap hon han do khong thoa mén

diéu kién ding giéng nhu phan (a).

c. Toc dé hoc

Layer count Layer size  Momentum Leaming  pest validate
error
3 100 0.7 0.1 0.2061831533
3 100 0.7 0.3 0.224606125
3 100 0.7 0.5 0.2097530639
3 100 0.7 0.9 0.3250993898
07
0,6
0.5
W Best
04 valid ate
error
0,3 " Beat
performanc
0.2 =
0,1
0
0,1 0,3 0.5 09

13

Best
performance

Training time

0.623853211 3.9724166667
0.619266055 2.6471166667
0.6376146789 2.1955333333
0.4633027523 0.8474333333
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d. Momentum

Learning

Layer count  Layer size Momentum CeSt validate - Best Training time
rate error performance
2 100 0.5 0 0.2177829205 0.628440367 1.4793666667
2 100 0.5 0.04 0.2305489015 0.6100917431 1.0493333333
2 100 0.5 0.1 0.2269169588 0.6146788991 1.9783166667
2 100 0.5 0.3 0.2076263935 0.6422018349 1.71595
3 100 0.5 0.7 0.2097530639 0.6376146789 2.1955333333
2 100 0.5 0.9 0.5251302293  0.2339449541 0.4365
o7
06
0.5
i Best
04 validate
error
0.3 “ Best
performanc
&
0z
0.1
0

0 o004 04 0.3 0.7 049

Do thi cho théy lya chon gia tri momentum qua cao khién cho thuat toan bo sot

mot s6 gia tri t6i wu. Gié tri momentum ti wu 13 0,7.
e. Lwa chon tham so
e Sd neuron ¢ 16p 4n: 100
e Sb16pan: 3
e Tbc d6 hoc: 0,5
e Momentum: 0,6
f. Két qud hudn luyén

Thir nghiém véi bo dit lidu gdm mot sb ki tw ¢6 dau (A, A, A, A, A v.v...) cho két

qua tam on.
e Ti I¢ nhan dang dang: 49%
e Tong 15i khi validate: ~0,33
14
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e S6 budc lap: 2338

Tuy nhién véi bo dit liéu day du chit cai tiéng viét khong dau va c6 dau (gan 200 ki
tw), két qua thu duoc rat thép:

e Til¢ nhan dang dung: ~30%

e Tong 16i trén bo dir lidu kiém thu: ~0,45

e SO budc lap: 2608

0.7

= Training error
—-Validating error
Performance

0.3

0.2

0.1

48 132 216 300 384 468 552 636 720 804 888 972 1056 1140 1224 1308 1392 1476 1560 1644 1728 1812 1896 1980 2064 2148 2232 2316 2400 2484 2568
690 174 258 342 426 510 594 678 762 846 930 1014 1098 1182 1266 1350 1434 1518 1602 1686 1770 1854 1938 2022 2106 2190 2274 2358 2442 2526

Hinh 2Thir nghiém véi bd dir liéu diy di

15
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0,7

" " == Training error
== Validating error
Performance

35 95 155 215 275 335 395 455 515 575 635 695 755 815 875 935 995 1055 1115 1175 1235 1295 1355 1415 1475 1535 1595 1655 1715 1775 1835 1895 1955 2015 2075 2135 2195 2255 2315
5 65 125 185 245 305 365 425 485 545 605 665 725 785 845 905 965 1025 1085 1145 1205 1265 1325 1385 1445 1505 1565 1625 1685 1745 1805 1865 1925 1985 2045 2105 2165 2225 2285

Hinh 3 Thir nghiém véi bd dir liéu chi chira mét vai ki tw c6 diu

16
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2. GIOI THIEU VE PHAN MEM sapphireOCR
2.1. Huéng din cai dit

> Phan mém sapphireOCR chay trén nén Java Runtime Environment (JRE). Dé
chay chuong trinh trudc hét may phai c6 JRE, download va cach cai dat xem tai_
http://www.java.com/en/download/index.jsp.

> sapphireOCR 1a phan mém khong can cai dit. Sau khi giai nén ra thu muc, chi
can chay file shortcut sapphireOCR.

2.2. Hwéng din st dung

Sau khi 1am theo huéng dan cai dit, sau day 1a giao dién chinh ctia chuong trinh:

£+ sapphireOCR == x

File Edit Help

Character: a

a Unicode: &1

> Chuong trinh c6 mot khung vé& cho nguoi sir dung dung chudt trai viét chit, chir
nhan dién duoc s& dugc ghi & phan Character va c6 ma Unicode (hexa) twong tng.
> Ngoai ra, ngudi st dung c6 thé load file anh bén ngoai qua menu File > Open

va chinh stra thém tuy y. Dé luu lai file anh vira v&, chon File > Save As.

4 sapphireOCR == x

File | Edit Help

Open... Ctrl-0

Save As... Character: a

Exit Ctrl-2 a Unicode: G

17
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> Dé tdy, dung chudt phai thao tac thay cho chudt trai. Dé x6a toan bo khung v&,
chon Edit > Clear All.

sapphireOCR =[x

File | Edit | Help
Clear All ctrl-A
Character: a
a Unicode: &1

18
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3. CAC VAN DE PHAT SINH VA DE XUAT
3.1. Két qua nhén dang thap

Nguyén nhan c6 thé 1 do khau tién xtr li thuc hién chwa tét. Dé giai quyét van dé
nay can cai thién thuat toan tién xur 1i va khi két hop v6i chuong trinh nhan dang tai
lidu c6 thé dua thém mat s6 thuat todn “doan” dya vao tir dién.

3.2. Téc dd huin luyén chim

Khi thir nghiém bo dir liéu day du, chuong trinh can 112 phut dé hoan tat huan
luyén. Giai phap: song song hoa thuat toan huan luyén.

19
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