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MO PAU

Nganh cong nghé thong tin 1a mot nganh khoa hoc dang trén da phat trién
manh va tng dung rong réi trén nhiéu linh vuc. Trong d6 nhan dang chir viét 1a mot
linh vuc dem dén nhiéu loi ich thiét thuc cho con nguoi. Bai toan nhan dang chix
viét khong chi dirng lai ¢ viéc nhan dang chir trén gidy ma da phat trién va mé rong
thanh bai todn nhan dang chir viét tir cac thiét bi dién tir hay con goi la nhan dang
chir viét tay online. Con nguoi tir d6 da co thé viét truc tiép trén céc thiét bi dién tir
nhu smartphone, may tinh bang hay may tinh xach tay ma khong con phai viét trén
gidy nhu trude ddy.

Hién nay, c6 nhiéu phuong phap khic nhau dwoc 4p dung vao cac bai toan
nhan dang. Trong d6 viéc sir dung mang no-ron nhan tao la mét trong nhirng
phuong phap nhan dang hiéu qua, c6 do chinh xac cao. Mang no-ron nhén tao ra doi
Xuat phét tir y twong md phong hoat dong cia bd ndo con nguoi. Ké tir khi ra doi,
mang no-ron nhan tao duoc tng dung rong rai trong giai quyét cac bai toan vé phan
loai, du doan va nhan dang béi kha nang hoc caa no.

Tir nhimg dic diém trén, t6i da chon dé tai “Nghién citu mang no-ron nhan
tgo va i#ng dung nhdn dgng ché viét tay online”. Luan van nay tap trung tim hiéu
phuong phap sir dung mang no ron nhan tao dé huan luyén va nhan dang chir viét

tay online.



Chwong 1. TONG QUAN VE BAI TOAN NHAN DANG
CHU VIET TAY ONLINE
1.1. Giéi thiéu bai toan nhan dang chir viét tay online
1.1.1. Nh@n dang chiz viét tay online va nh@n dang ché viét tay offline

Bai toan nhdn dang chiz viét tay offline dugc dit ra dé nhan dang cac vin ban
viét tay trén gidy bang bat. Véi dic trung dit liéu dau vao 1a hinh anh van ban viét
tay duoc quét hoic chup lai. Sau d6, cac thuat toan nhan dang chir viét tay s& duoc
xay dung dua trén cac hinh anh nay. Céc tng dung hién nay vé nhan dang chir viét
tay offline thudng quan tam téi do chinh xac hon 1a viéc téi wu thoi gian.

Bai toan nhdn dang chiz viét tay online 1a bai toan nhan dang chir viét tay thu
duoc tir cac thiét bi dién tir. V6i dic trung dir lidu dau vao 1a diy cac diém thu nhan
dugc trong qua trinh con ngudi thuc hién viét trén bé mit céc thiét bi dién ter. Yéu
cau la can co cac thiét bi chuyén dung nhu man hinh cam &ng hay cac bang dién tu
dé ghi lai qua trinh di chuyén cua nét bt bao gom cac yéu té nhu diém bat dau,
diém két thuc, cac diém trén mit phang ma nét but di qua.

1.1.2. Céc thugc tinh chéz viét tay online

Chir viét tay online thu dugc tir cac thiét bi dién tir c6 mot sé thude tinh dic
trung sau [14]:

Pen-up/ pen-down: pen-up la thudc tinh chi nét bat nhac 1&n khoi man hinh
va két thdc mot nét, con pen-down 1a trang thai bat cham man hinh va bt dau mot
nét viét

Speed: Téc do viét

X-coordinate: Toa do X

Y-coordinate : Toado y

Writing direction: Huéng viét
1.1.3. Phwong phdp thu thap chi viét tay online

*Phuong tién thu thap:



Viéc thu thap dix liéu chit viét tay online phai can céac thiét bi chuyén dung c6
kha ning ghi nhan c4c trang thai cta bat nhu pen up, pen down va tap hop cac diém
ma bt di chuyén qua.

Céc thiét bi khac nhu PDA thi str dung cac man hinh cam tng dé ghi nhan sy
di chuyén caa but hay tay ngudi ding.

Khi viét, viéc nhan ghi dit liéu c6 thé dugc thu thap theo hai cach khéac nhau.
Véi cach thir nhat, quy dao but dugc chuyén d6i thanh hinh anh diém anh va xu ly
véi nhan dién ky tu in (OCR) nhan dién nhu trong nhan dang off-line. Trong céach
th hai, quy dao cua but dugc st dung nhu trinh tu cia cac diém toa do (X, ).

1.1.4. Mgt s6 vén dé khi nh@n dgng ché viét tay online

Nhiing kho khan trong viéc nhan dang do mét s6 yéu té sau [1]:

- Han ché vé s luong nguoi viét.

- Han ché vé céach viét.

- Kho khin vé ngdn ngir.

- Ton tai nhiéu cap ky tu ¢d hinh dang tuong tu, gay kho khin dé nhan biét.

- Ton tai cac nét tré.

1.2. Phwong phap nhin dang chir viét tay online

- Over-segment and classify: Phuong phap phan doan va phan loai.

- Time-sequence interpretation: Sy biéu dién trinh tu thoi gian.
1.3. Quy trinh phan doan chir viét tay online

Trong cac hé théng nhan dang chit viét tay hoan chinh, yéu cau duoc dit ra
la nhan dang dwgc mét trang vin ban hoan chinh. Tuy vay, trén thuc té, yéu cau nay
van dang 1a mot thach thac boi chua c6 mot thuat todn nao tdi wu dé cé thé nhan
dang ca mot trang vin ban lam dau vao. Trudc thuc té nhu vay, doi hoi qua trinh
nhan dang phai trai qua cac budc phan doan. Cu thé 1a phan tach cac dong véi nhau
trong cung mot trang van ban, tach cac tur trén cung mot dong va phan tich cac ky tu

riéng biét cua tung tu.



Qua trinh tach dong:

Phén doan dong 1a budc tién dé can thiét trong gan nhu hau hét cac hé thong
nhan dang cho vin ban viét tay.

Do dir liéu online c6 thé chuyén d6i dé dang sang dinh dang offline, moi
phuong thicc nhan dang offline déu c6 thé dwoc st dung dé nhan dang dir liéu
online. Tuy nhién dé c6 thé phan doan duogc dit liéu online nén sir dung thém cac
thong tin online thu thap duoc. Céch tiép can hiéu qua la dwa trén viéc tim ra dudng
di t6i vu gitta hai dong vian ban lién tiép. Puong dan téi uu gitra hai dong duoc tim
thiy bang cach st dung lap trinh dong. Di liéu dau vao cho thuat toan duoc dé xuat
bao gom dit liéu online, nhung tinh dén thdng tin offline b6 sung. Hau hét cac budc

duoc thuc hién trén phién ban offline cua di liéu.

Tach dong |

Tim kiem
Neét but drang din

Cor ché ¥ e e
hoat déng — —» Hau xkr Iy

Ham phu tro
(—hA—’j Dong dwgce
phan doan

Luoc d6 B'd nzhiéng
Hinh 1.3. Quy trinh tach dong
Tien xa Iy:

O budc tach dong, tién xur ly cac dir lidu thu duoc 1a bude quan trong trong
hé théng nhan dang chit viét tay bai mdi nguoi viét co cac phong cach viét khac
nhau vé do nghiéng, d6 xién, chiéu cao, chiéu rong cua cac ky ty. Phuong phap
thuong dugc dung trong budc tién xir Iy & mot sé hé thong nhan dang nhu sau:

- Tién xt ly tryuc tiép:



- Chuan hoa qua cac budc:

+ Céc phan duoc hiéu chinh dwa vé dung do nghiéng caa ching.

+ Budgc chuan héa vé d6 xién duogc thuc hién dya vao viéc st dung luge dd
Xam.

+ Budc tiép theo 1a tinh duong co sé va duong corpus.

+ Budc cudi ciing cua viéc chuan hoa 1a chuan hoa do rong ky tu.

1.4. Hwéng tiép can bai toan nhan dang chir viét tay online

D6i vé6i bai toan nhan dang chir viét tay online c6 thé tiép can theo hai
hudng:

Céch tiép can thi nhdt: Str dung cac mé hinh hoc may dé huan luyén mot bo
phan 1ép cho toan bo céc tir ¢d thé tir dién. Tuy nhién cach tiép can nay chi cé thé
ap dung véi tir dién c6 s6 lugng tir nho (khoang 100-200). Péi vai nhitng tir dién co
s6 lwong tir 16n hon thi ngay ca viéc thu thap dir liéu ciing gip kho khan vi su da
dang trong céch thé hién ciia mai tir.

Céch tiép cdn thi# hai: Tién hanh phan doan ca tir rdi s dung mot bo phan
l6p & mirc ky ty dé tim ra két qua cudi cting. O cach tiép can nay chi co thé ap dung
néu dat ra nhirng rang budc nhat dinh nhu c¢6 khoang céch rd rang giita cac ky tu

trong cung mot tir, v.v.

1.5. Ung dung bai todn nhan dang chir viét tay online

Trong bdi canh céc thiét bi cam @ng nhu Smartphone, Ipad, v.v ngay cang
tré nén pho bién, thi bai toan nhan dang chix viét online tro nén dic biét duoc quan
tam. Con ngudi ¢6 thé viét tryc tiép trén mot man hinh tinh thé long (LCD) hién thi
véi mot cay buat dién tir hay don gian la ngdén tay. Man hinh [a mot ma tran nhay
cam ghi lai su chuyén dong cua dau bt trén bé mat. Quy dao cua céc cay bat xuat
hién gan nhu ngay 1ap tac trén man hinh. Tir d6, bai toan nhan dang chir viét tay
online déng vai tro quan trong, cho phép may tinh c6 thé hiéu ngudi viét mudn thuc

hién thao tac gi, I1énh gi, v.v.



Ngay nay c6 thé ké téi mot s6 wng dung cu thé cua nhan dang chir viét tay
online nhu:

- Hé théng nhan dang chir viét tay roi rac online trén mot tram 1am viéc cua
IBM do H.S.M.Beigi, C.C.Tapert, M.Ukeison va C.G.Wolf ¢ phong thuc hanh
Watson IBM cai dat.

- Google da tich hop vao dich vu Google Translate.
- Bén canh d6, Google con tung ra mot san pham nhan dang chir viét tay kha

chinh x&c la tng dung Handwritng Input.

1.6. Két luan chwong 1

Chuong 1 da trinh bay bai toan nhan dang chit viét tay, cac dic trung cua bai
toan nhan dang chir viét tay online, cac thudc tinh co ban cua chit viét online, mot
s6 phuong phap thu thap va mot s6 van dé kho khan gap phai khi nhan dang chir
viét tay online.

Bai toan nhan dang chix viét tay online phai trai qua cac budc phan doan nhu
phan doan dong, tir va ky tu, nhung trong luan vin chi tap trung nghién ciu vé nhan
dang ky tu. Ngoai ra, noi dung chuong ciing trinh bay cac ¢ng dung phé bién cua
bai toan nhan dang chit viét tay online hién nay.

Chuong 1 ciing trinh bay tong quan vé mot s phuong phap nhan dang chir
viét online dang dugc quan tdm va nghién ciru hién nay, trong ¢ mo hinh mang no
ron nhan tao két hop voi cac ki thuat hoc sau 1a déi twong nghién ctu ¢ chuong 2

va la c6ng cu nhan dang ¢ chuong 3 cua luan van.



Chuwong 2. UNG DUNG MANG NO RON NHAN TAO VAO
BAlI TOAN NHAN DANG CHU VIET TAY ONLINE

2.1. Mang no ron nhéan tao
2.1.1. C4c khai niém

Mang no ron nhan tao (Artificaial No ron Network) goi tit 1a mang no ron
(neural network), 1a mé hinh xur ly théng tin phong theo cach thic xir ly théng tin
cua cac hé no ron sinh hoc trong bo nio nguoi. N6 duoc tao nén tir mot sé luong
I6n cac phan tir (goi la phan tir xir ly hay no ron) két ndi vai nhau théng qua cac lién
két (goi 1a trong s6 lién két) 1am viéc nhu mot thé théng nhat dé giai quyét mot van
dé cu thé nao do.
2.1.2. Ddac trung cua magng No’ ron

Mot s6 dic trung cua mang no ron thu duoc tir viéc mé phong truc tiép bo
nao con nguoi nhu sau:

- Tinh chat phi tuyén:

- Tinh chdt thich nghi:

- Tinh chdt duea ra 1oi gidi ¢6 bang ching:

- Tinh chdt chdp nhdn sai s6t:

- Tinh chdt dong dang trong phan tich va thiét ké.
2.1.3. Kién tric mang no ron nhan tgo

Tir dinh nghia cho thiy don vi hinh thanh nén mang no ron 1a c4c no ron.
Chure ning ctia mang no ron nhan tao twong tw nhu chirc ning don gian nhat cia cac
no ron sinh hoc d6 1a tich liy (ghi nhé) nhitng tri thirc da hoc vé cac su vat dé nhan
biét, phan biét chiing mdi khi gap lai. Chtrc ning nay dugc thuc hién thong qua mot
chudi lién tiép cac qua trinh xir ly théng tin caa cac no ron trong mang.

. So @6 2.1 chi ra md hinh cau trdc médt no ron nhan tao:



Xy Trong s lién két
. "F'llr b ji
kl Ham truyen

f() _Yf_p Péu ra

3

Nguing

Tin hiéu vao

Hinh 2.1. Mb hinh phi tuyén cia mét no ron
™

w,,=b, (hé s& hig¢u
chinh)

Piuvao cd
dinh x,=+1

Ham kich
hoat

Cic tin -
hién diu <

N @(.) —> Pdura ¥y
vao

Bo té hop
tuyén tinh

Cidc trong
s0 synpase

Hinh 2.2. Mé hinh phi tuyén thir hai cia mét no ron
2.1.4. Phan logi mang no ron nhan tao

2.1.4.1. Mang truyén thang

Dong dit liéu tir don vi dau vao dén don vi dau ra chi duoc truyén thang.
Viéc xt ly dit liéu c6 thé mé rong ra nhiéu I6p, nhung khong c6 céac lién két phan
hdi.

Tin hiéu Dau vio
Tin hiéu Dau ra

nhap nhét hai xuat

Hinh 2.3. Mang no ron truyén thing nhiéu l6p

2.1.4.2. Mang héi quy



Mang hdi quy la kiéu kién trac mang khong chi truyén dit liéu theo mot

chiéu, ma con truyén di lidu tir bude sau nguoc tro lai bude trudc.

X;

Input Layer Hidden Layer  Output Layer

Hinh 2.4. Md hinh mang héi quy
2.1.5. Ham kich hogt

Ham kich hoat, ky hiéu béi ¢(v), duoc dung dé xac dinh dau ra cia mang no
ron. Céc ham kich hoat phai c6 cac dic diém sau:

+ Ham bi chan trén va chin dudi

+ Ham c6 tinh don diéu

+ Ham phai c6 tinh lién tuc

Dudi day 1a mot s6 kiéu ham kich hoat co ban thuong duoc s dung:

Ham budc Ham dau Ham sigmoid Ham tuyén tinh
Y Y Y4 Y
+1 +tl—— +1= +1—
X el
0 X 0 X 0 X 0 X
A —_— -1 1
Y.\c!c-p — l’ khiX =20 Y_ucp — + 1': khiX =0 Y.tigii!om' — 1 - Yﬁm_‘ru- = X

0, khi X <0 —1L khiX <0 1+e™

Hinh 2.5. Cac ham kich hoat tiéu biéu
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2.1.6. Phwong phdp hudn luyén mang no ron
2.1.6.1. Hoc c6 giam sat

Véi phuong phap ndy, can dua vao bo dir liéu huan luyén va két qua dau ra
mong mudn twong tng. Thuat todn s& tién hanh tinh toan trong s6 dé mdi vector dau
Vvao s& c6 két qua dau ra ding vai két qua dau ra mong mudn. Qua trinh hoc cé giam
sat cu thé nhu sau:
2.1.6.2. Hoc khdng c6 giam sat

Hoc khong cd gidm sét 1a hoc véi tap dir liéu huan luyén ban dau hoan toan
chua dugc gan nhan. Pay 1a phuong phap hoc st dung cho 16p bai todn phan cum.
Qua trinh huan luyén caa phuong phap hoc khdng c6 giam sét c6 dic diém nhu sau:

+ Sir dung bo dit liéu huan luyén chua duoc gan nhan (khdng c6 thong tin vé
gia tri dau ra mong muén).

+ Lua chon thuat todn hoc khong cé giam sat dé huan luyén.

+ St dung phuong phéap thir nghiém dé danh gia chat luong.
2.1.6.3. Hoc tang cuong

Trong luat hoc cd giam sat, cac gid tri dau ra dugc biét chinh xac d6i véi moi
dau vao. Tuy nhién, trong thuc té c6 mot sé truong hop chi biét it thdng tin chi tiét,
chang han mang chi biét rang gia tri dau ra thuc su quéa cao hay c6 thé mang chi c6
dugc thdng tin phan hoi bao rang dau ra ding hay sai. Thuat hoc dua trén théng tin
danh gia nay duoc goi 1a thuat hoc cung cb hay hoc ting cuong, thong tin phan hoi
duoc goi la tin hiéu tang cuong.
2.1.7. Mang no ron truyén thang mét I6p d@n va thudt toan lan truyén nguec
2.1.7.1. Mang no ron truyén thang mot I6p an

Mang no ron truyén thang mét 16p an 1a mang no ron truyén thang gom 3
l6p, trong d6 c6 mot lép dau vao, mot Iop an va mot 16p dau ra. Cac no ron & mdi
16p lién két véi no ron & 16p ké tiép theo mot chiéu tir 16p dau vao dén 16p an va dén
no ron 16p dau ra, khong co lién két nguoc lai hoic lién két gitra cac no ron trong

mot 16p.
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2.1.7.2. Thuat toan lan truyén ngugc
Phuong phap huan luyén phé bién cho mang no ron truyén thang mot I6p an

la thuat toan lan truyén nguoc. Thuat toan lan truyén nguoc la dang tong quét cua
thuat toan trung binh phuong t6i thiéu (Least Means Square —LMS).
Huan luyén mang no ron st dung thuat toan Lan truyén nguoc gom hai qué

trinh: Qué trinh truyén tuyén tinh va qué trinh truyén nguoc:

2.2. Ung dung mang no ron vao bai todn nhan dang chir viét tay online
2.2.1. Thu thgp di ligu

Chuong trinh dugc thuc nghiém trén bo dir ligu UNIPEN.

*Mgt sé dic diém vé co so dir liéu UNIPEN [16]:

Dinh dang UNIPEN la dinh dang ASCII duoc thiét ké dic biét cho dir liu
duogc thu thap voi bat ky thiét bi cam ang nhay cam, dién tré hay dién tir nao cung
cap théng tin quy dao duoc viét bang bat dién tir. Nguoi ding c6 thé chuyén doi
dinh dang cua riéng ho sang hoac tir dinh dang UNIPEN hoac thu thap di liéu truc
tiép tir dinh dang do.

Chuong trinh thuc nghiém dugc xay dung vai b co s¢ dir liéu c6 50000
mau duoc st dung, trong d6 c6 70% dung cho bd Train va 30% cho bo Test, bao
gom nhiéu mau viét cia nhiéu nguoi khac nhau trén thé giéi duoc lya chon ngau
nhién dé dua vao huan luyén.

2.2.2. M6 hinh cza bai toan nhdn dang chir viét tay online si dung mang
no ron Nhan tgo

M6 hinh tong quét cua hé thong nhan dang chit viét tay online sir dung mang
no ron nhan tao duoc chia thanh hai giai doan: Giai doan huan luyén va giai doan
nhan dang.

- Giai doan huin luyén gdom cac budc chinh: Lua chon co s& dit liéu huan
luyén. Véi timg file co so dit liéu tién hanh trich chon dic trung rdi dua vao mang

no ron dé huan luyén.
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- Giai doan nhan dang: v&/viét ky tu 18n man hinh thiét bi nhan dang, sau d6
tién hanh trich chon dic trung. Nhitng dic trung nay s& duoc dua vao mang no ron
d3 huan luyén & trén dé tién hanh nhan dang.

2.2.3. Trich chon diic trung va xdy dung vector ddu vao

Trich chon dac trung la qua trinh tim ra cac thong tin hiru ich va dac trung
nhat cho mau dau vao dé sir dung cho qua trinh huan luyén va nhan dang.

Vi luan vin, viéc trich chon dic trung cdc mau dwa vao duoc thyuc hién dya
trén viéc dém sé diém den trén mat phang noi nét bat di qua, tir 46 mang no ron luu
lai cac dic trung co ban nay cho nhitng lan trich chon dic trung khac ctia cdc mau
khac véi cung mot ky tu dugc nhan dang va cua cac ky tu khac nhau

Bang 2.1. Két qua thwc nghiém véi vector dau vao khac nhau

S6 phan tir clia vector diu vao Két qua
" " (m*n hoac m*n+1) nhan dang
4 2 40%
4 2 45%
5 2 10 58%
5 2 11 82%
3 4 13 76%
3 4 12 73%
7 2 15 64%
7 2 14 62%
4 4 17 54%
4 4 16 53%
8 2 17 49%
8 2 16 45%

2.2.4. Cac tham sé ciia mang no ron.

2.2.4.1. S6 phan tir ¢ céc 16p
- Lép dau vao: Sé lugng node duogc lya chon 14 11.
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- L6p an: S6 lwong node & tang 4n duoc lya chon ngiu nhién thoa mén diéu
Kién:

- Lép dau ra: Sé lwong node cua 16p dau ra twong ang véi s6 luong Ky tu
khac nhau dugc dua vao huin luyén.
2.2.4.2. Hé s6 hoc (Learning Rate)

Learning rate hay hé sé hoc 1a mét trong nhitng théng sé ma diéu chinh dé
mot mang no ron hoc nhanh va huan luyén hiéu qua.
2.2.4.3. Budc da (Momentum)

Viéc sir dung Momentum (budc da) c6 tac dung giam cac hau qua han ché tir
viéc sir dung hé sé hoc khong nhu mudn.

Vé ban chat, trong phan dau cua qua trinh huan luyén, budc da chi co tac
dung gilp qué trinh tro nén nhanh hon. Sau d6 khi qua trinh huan luyén gan dat téi
hoi tu.

Nhuoc diém cua bude da 1a gia tri cia n6 1a ngau nhién va phai dugc sir
dung thir va sai dé tim ra gia tri tot.

2.2.5. Hudn luyén mang no ron

Mang no ron duogc str dung trong bao cdo luan vin la mang no ron truyén
thang mot 16p an. Trong d6 16p dau vao va lép an c6 sé luong nodes cho phép tiy
chinh duoc, dé sau qua trinh kiém tra d6 chinh xac cia mang no ron c6 thé xac dinh
duoc cau hinh mang tét nhat.

O budc huan luyén, mang no ron st dung thuat toan lan truyén nguoc
backpropagation.

2.2.6. Nhan dgng ché viét tay online si dung mang no ron

Trong giai doan nhan dang, dit liéu chit viét tay thu duoc s& dugc trich chon
dac trung. Nhitng dac trung nay sau do dugc dua vao mang no ron da duoc trai qua
qua trinh huan luyén dé tién hanh nhan dang chir.. Két qua cia buéc nhan dang ky
tu s& duoc st dung dé danh gia hiéu ning ctia mang no ron trong nhan dang chi

viét tay online.
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2.3. Két luan chwong 2

Chuong 2 trinh bay khéi quat vé mang no ron nhan tao, vé dic trung, kién
trdc, cac phuong phap huan luyén mang va dac biét tim hiéu vé mang no ron truyén
thang mot 16p an va thuat toan lan truyén nguoc.

Tiép do, trinh bay 02 md hinh nhan dang trong qué trinh huan luyén va qua
trinh nhan dang chit. Sau d6 1a trinh bay vé qué trinh trich chon cac dic trung cua
chir viét va cac tham so dic trung trong qué trinh huan luyén va nhan dang. Qué
trinh trich chon dic trung duoc khai thac trén cac toa do (x,y) trén mat phang ma
nét but di qua, ddng thoi ¢ thém thong tin cua s6 nét but.

Luan vin di xdy dung va tién hanh thuc nghiém va cho két qua vé sb luong
tham s6 dau vao hop ly nhat. Cudi ciing, dua ra cai nhin khai quat vé qua trinh huan
luyén va nhan dang chit viét online sir dung mang no ron nhan tao. Néi dung céc
chuong 1 va chuong 2 14 tién dé cho viéc xay dung chuong trinh thyc nghiém nhan
dang chit viét tay online & mtrc d6 nhan dang ky tu dwoc trinh bay & chuong 3 cua

luan van.
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Chwong 3. CAI PAT THUC NGHIEM VA PANH GIA KET QUA

3.1. Cai dat thuc nghiém
3.1.1. Ngon ngiz ldp trinh

Chuong trinh thuc nghiém nhan dang chit viét tay online sir dung mang no
ron duoc lap trinh bang ngbn ngir lap trinh C# trén Visual Studio 2013.
3.1.2. Cdu hinh may

B6 vi xur ly: Intel(R) Core(TM) i3-3120M; CPU: 2.50GHz; RAM: 6GB

H¢ diéu hanh: Windows 7 Ultimate.
3.1.3. Cdu hinh mang no ron

- Sb node input: 11.

- Cac tham s6 con lai gom: S6 node tang an, sé lugng vong lip, ngudng
MSE, momentum (alpha) va learning rate (beta) déu cho phép tly chinh thay d6i dé
tim ra cAu hinh mang tét nhat.

- Alpha (momentum): Nam trong pham vi 0 <«<1.

- Beta (learning rate): Nam trong pham vi 0 <p<I.
3.1.4. Gigi thiéu chwong trinh

- Huan luyén mang no ron:

Hign thi ky tu | Hu&n luyén mang nd ron | Nhan dang

Puidng dan
58 vang lap 1000000
Sénodetingan 19
Momentum 0z
Tilé hoc 0.2 Threshold 0.001

Huén luyén
Luiu mang

Hinh 3.1. Giao dién huén luyén mang no ron
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- Luu mang d3 huén luyén:

File Edit Format View Help

3

0.2

0.2

11 15 10

0.26864925531989 -0, 826275730100721 -0.780098182733279 1. 54918254974
2.08553945560302 0.771653986059772 0.847085399678254 -7.571451542449
B84162062356534 2,69472305652489 0. 2366001767 58455 -0.326484753350233
19381496444728 2.11052275487386 0.B859726551557261 -0.055263829154126
3 -2.82063016831755 -3.01090783435707 4.91952628324206 1.22422301625
9273341 -0.632967255879865 -0.457588839631056 1.24500817750554 3. 809

E] m | 3

Hinh 3.2. Céc gi4 tri cia mang dwoc luu lai sau huan luyén
- Nhan dang chit viét trong co s dit liéu UNIPEN:

_%hkﬁmlﬂlﬁﬂl@mmm_ Hhdin dang
[wone ]

Thing tin file E Kt qua nhan dang

Hinh 3.3. Giao dién nhan dang chir viét online
3.2. Panh gia két qua thuc nghiém
3.2.1. Két qua thurc nghiém

i thi boyf bl HuSn luyén mang nd on Mhdn dang
[ Buing ddn | [E\10. Luan van ca0 hoe\LV_PTIT\Code ]

35 ving g 000000

SSnodetdngdn 15
Momenium 0z

Ti & b 02 Thes 0.0001
i )
Hudn ydn Thoi gian xu heB6T04532
L Luwius mang ] r oK
., r

Hinh 3.4. Demo thai gian huan luyén
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Hedin thi ke b/ | Huudin huylin mang nd on | Mhin dang
[ Mafie .|E'-'|'J IJ.mnvmml'-uc'-.L'f'_PT.T'-ﬁﬂdﬂ"':

Thisng tin fle [(rotndes ] Kt qué nhdn dang

Thigi gian xu Ir'JEI 0055514

oK

L s 4 B = O ol O = D ) O B P
Bl Bl e el G0 A AN ] Y Pl

Hinh 3.5. Demo minh hea thai gian nhan dang
3.2.2. Panh gid két qud

Két qud nhdn dang cho ting ky tu:

Bang 3.1. Thong ké két qua nhan dang ky tu

S6 lwong mau dé ,
Ky tw ~ Ket qua nhan dang ding
kiém tra
a 547 0.84
b 269 0.81
C 250 0.95
d 672 0.88
e 582 0.93
f 182 0.82
g 240 0.92
h 250 0.83
[ 578 0.73
j 283 0.74
Kk 238 0.78
I 243 0.64
m 248 0.91
n 237 0.87
0 547 0.92
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p 234 0.87
q 256 0.82
r 243 0.37
S 239 0.66
t 245 0.72
u 579 0.66
Y 262 0.88
w 178 0.90
X 256 0.84
y 218 0.82
z 154 0.74
0 231 0.76
1 167 0.78
2 342 0.67
3 332 0.68
4 367 0.79
5 453 0.87
6 342 0.85
7 321 0.78
8 423 0.81
9 123 0.77

Ty Ié trung binh 0.82

Két qua nhan dang khi load file chiza nhiéu ky tu khac nhau:
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Hién thi Ky tu | Hulin kapén mang nd ron | Nhin dang

Mafie  [E\10. Luan van cao hoc\LV_PTIT\Code\l

Thing tn fe [ gg‘m

Téag 58 miu: 2
$6 mu nhin dang dung: 17
Tilé nhin dang ddng Lk 80 9523809523809

AN WD

0K

P S U OO O G - LD

Hinh 3.6. Két qua nhan dang khi load file nhiéu ky tu
3.2.3. Ddnh gid két qud
Sau khi thu duoc cac két qua thuc nghiém, cho thay ty 18 nhan dang trung
binh dat 80%. Trong d6, phuong phap nhan dang chir viét tay sir dung mang no ron
nhan tao véi thuat toan lan truyén nguoc, dat dugc két qua tét & cac ky tu “c”, “d”,
“e”, “0”, “p”, “q”, “17, “37, “6”, “5”, “9”. Mot sb Ky tu khac nhu “I” thuong nhan
nham thanh s <17, “u” thanh “v”, “v” thanh “u” hay cac s “4” va “1” ciing hay bi

nhan dang nham véi nhau v.v.

3.3. Két luan chwong 3

Noi dung chuong 3 trinh bay vé& qué trinh nhan dang chir viét online & muc
d6 nhan dang ky tu duoc xay dung trong chuong trinh mé phong. Bang céc kién
thirc dwoc nghién ctu va tim hiéu ¢ chuong 1 va chuong 2, chuong 3 da xay dung
thanh cong phan mém nhan dang chir viét tay online & cap nhan dang ky tu st dung

mang no ron nhan tao trén bo co s¢ dir liéu UNIPEN.
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KET LUAN
1. Cac két qua nghién ciru cia luan vin

Vé mit ly thuyét, luan vin da trinh bay dugc mot s6 ndi dung co ban sau:

- Gi6i thiéu tong quan vé bai toan nhan dang chit viét tay, trong dé trong tam
la bai todn nhan dang chir viét tay online, nhitng dic trung co ban cua chit viét
online va cac phwong phép thu thap chir viét tay online.

- Gidi thiéu tong quan vé mang no ron, Kién tric va cac phuong phap huan
luyén mang no ron. Cu thé vé mang no ron truyén thang mot Iép an va thuat toan
lan truyén nguoc.

Vé mat thuc nghiém:

- Xay dung duoc mot mang no ron truyén thang mét 16p an sir dung thuat
toan lan truyén nguoc ¢ng dung nhan dang chi viét tay online & mtc d6 nhan dang
Ky tu str dung co s¢ dir liéu UNIPEN.

2. Hwéng phat trién cia luan vin

- Tiép tuc cai thién va két hop nhiéu thuat toan dé cé thé truc tiép nhan dang
duogc chir viét online vai cdc mirc do cao hon (nhan dang duoc chir viét, cau vin,
doan van v.v) véi d6 chinh xac cao hon.

- Nghién ctu thém céac thuat toan trich chon dic trung dé ty 1& nhan dang
dang cao hon.

- Xay dung dugc phan mém nhan dang truc tiép tir qua trinh viét 18n céc thiét

bi dién tu.
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