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dan 3 rang, day du.
Ha Noi, ngay thang nam 2025
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LOI CAM ON
Em xin chan thanh cam on Truong Pai hoc Cong nghiép Ha Noi da tao

diéu kién cho em duoc hoc tap trong sudt thoi gian qua. Em ciing xin bay t6
10ng biét on siu sic dén tap thé gido vién Truong Cong nghé Thong tin va
Truyén théng da nhiét tinh day dd em trong sudt thoi gian hoc tp tai truong,
dong vién va cb vii em trong sudt qué trinh nghién ctru, thyc hién dé an.

Em xin tran trong cam on TS.Nguyén Thi Diéu Linh d3 tan tinh hudng
dan dé em c6 thé hoan thién dé an tot nghiép nay

Pé an nay khong chi gitip em ning cao hiéu biét va k¥ nang nghién ciu
ma con giap em c6 co hoi thuc hanh va dp dung cac kién thirc da hoc vao thue
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thuc tién cao va co thé 4p dung dugc trong cong viée cua em trong tuong lai.

Mot 1an nita, em xin chan thanh cam on cac thay, c¢6 da gitp d& em trong
qua trinh nghién ctru va thuc hién dé an nay.

Tran trong!
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LOI NOI PAU

Nhan dién chir viét tay (Handwriting Recognition - HWR) 1a mot trong
nhiing bai todn quan trong trong linh vuc thi gidc may tinh (Computer Vision)
va xu ly ngobn ngit tw nhién (Natural Language Processing - NLP). Cong ngh¢
nay c6 ung dung rong rai trong nhiéu linh vuc nhu: xtr Iy tai liéu, xac minh
chit ky, to chuc théng tin va nhiéu tng dung khac.

Ngoai ra, trong y té, nhan dién chif viét tay ctia bac si trén don thudc gitp
giam sai soOt trong viéc ké don. Theo bdo cao cua MarketsandMarkets (2023),
thi trudng cong nghé nhan dién van ban du kién dat gia tri 25 ty USD vao nim
2028, phan anh nhu ciu ngdy cang ting.

Tuy nhién, nhan dién chit viét tay ddi mat v6i nhidu thach thirc 16m. Sy
da dang trong phong cach viét ctia mdi ca nhan, tir nét chit nghiéng, chit thao,
dén céac bién thé ngdn ngir, khién viéc xdy dung mot md hinh chung tré nén
phtic tap. Bén canh d6, cac yéu té nhu chat luong gidy (6 vang, rach), do nhiéu
tor moi trudng (Vét ban, anh sang), va su khac biét gitra cdc ngoén ngir (vi du:
chir Latin so v6i chir tuong hinh) cang lam tang do kho. Trong bdi canh tiéng
Viét, voi hé théng dau thanh va ky tu dac trung, van dé cang trd nén dac thu,
doi hdi cac phuong phap chuyén biét.

Trong nhimng ndm gan day, su phat trién manh mé cia Deep Learning da
gitip cai thién dang ké hiéu suét cta cac hé théng nhan dién chit viét tay. Dic
bi¢t, mo6 hinh BERT (Bidirectional Encoder Representations from
Transformers) da ching minh hi€u qua vuot trdi trong xtr Iy ngén ngtr ty nhién
(NLP) va c6 tiém ning 16n trong viéc stra 18i nhan dién chit viét tay.

Chinh vi nhiing 1y do trén, dé tai "Phan tich va cai thién hiéu suat cia
thuat toan nhan dién chir viét tay dya trén mé hinh ngén ngtr BERT" duoc lya
chon nhdm nghién ctru va t6i wu hda qua trinh nhan dién chit viét tay, gitip nang

cao do chinh xac va kha niang tmg dung trong thuc té.



No6i dung dé an duoc thue hién thanh 3 chuong.

Chuong 1: Tong quan vé nhan dién chir viét tay

Chuong 2: Tbi wu thuat toan nhan dién chir viét tay dyua trén moé hinh ngdn ngi
BERT

Chuong 3: Trién khai thuc nghiém.



CHUONG 1: TONG QUAN VE NHAN DIEN CHU VIET TAY
1.1. TONG QUAN VE NHAN DIEN CHU VIET TAY
1.1.1. Lich sir hinh thanh nhan dién chir viét tay

Nhan dién chit viét tay (Handwriting Recognition - HWR) 1a mét linh
vuc nghién clru quan trong trong tri tué¢ nhan tao (Al) va xtr 1y hinh anh, tap
trung vao viéc phat trién cac hé thong ty dong chuyén d6i vin ban viét tay thanh
dang vin ban s6 hoa c6 thé doc va xir Iy boi may tinh. Cong nghé nay déng vai
tro quan trong trong viéc s6 hoa tai liéu, cai thién kha nang tiép can thong tin,
va hd trg cac ung dung thuc té trong nhiéu linh vuc nhu gido duc, y té, ngan
hang, va bao ton van hoa.

HWR khong chi don thuan 14 nhan dién ky ty ma con bao gdm viéc xir
ly cac dic diém phurc tap cua chit viét tay, nhu phong cach viét ca nhan, sy
khong ddng déu trong nét chit, va ngir canh ngdn ngit. Vi sy phat trién cua
hoc may (machine learning) va hoc sau (deep learning), HWR da dat dugc
nhitng bude tién dang ké, nhung van ddi mit véi nhiéu thach thice do tinh da
dang va phtc tap cta chir viét tay con nguoi.

Nhan dién chit viét tay c6 lich sir phat trién 1au dai, bat dau tir nhimg
nam 1950, khi céc nha nghién ctru bat dau thir nghiém voi cac but dién tir va
logic nhéan dién ky tu cho cac may tinh sé moi. Mot trong nhimg budc ngoit
dau tién 13 cong trinh cia Hew Crane tai SRI International, nguoi da phat
trién cac phwong phap nhan dién chit viét tay thoi gian thuc. Cong viéc nay da
dit nén moéng cho cac ing dung nhu xac thuc chit ky, nhap li¢u truc tiép cac
ky tu tugng hinh (nhu tiéng Trung, Nhat, Han), va cac hé thong tinh toan dwa

trén but, nhu dugc mo ta trong tai licu tur [1].



Hinh 1.1: Thiét bi but dién tir cia Hew Crane tai SRI International, mot trong

nhirng cong cu dau tién cho nhan dién chix viét tay thot gian thuec.

Pén nhitng ndm 1960, Crane di ding ky bang sang ché cho mot thiét bi
but dic biét, va vao dau nhitng nam 1970, hé thong clia ong da sir dung "but
SRI" dé nhap cac ky tu vao may tinh. Nhimg nd luc ban dau nay da phat trién
thanh cac hé théng nhan dién chit viét tay hién dai ngay nay. Pén nhimng nim
1990, cac hé théng nhu Apple Newton da dugce gidi thiéu, mac du do chinh xac
cua ching chua dat dugc su hoan hao, nhu dugc thao luan trong [2]. Tuy nhién,
cac tién bd trong hoc mdy va hoc sau da thiic day sy phat trién ctia cong nghé
nay, dan dén cac hé théng hién dai v&1 6 chinh xac cao hon, nhu cac cong cu
OCR tién tién va md hinh ngon ngit nhu BERT.

1.1.2. Phan loai nhan dién chir viét tay:
Nhan dién chit viét tay dugc chia thanh hai loai chinh dya trén ngudn di

li¢u dau vao va cach thue thu thap, moi loai ¢6 vu diém va han ché riéng:

- Nhan dién chir viét tay truc tuyén (Online Handwriting Recognition):



+  Dic diém: Dt liéu dugce thu thap truc tiép trong thoi gian thuc thong
qua céc thiét bi cam tng nhu but stylus (vi du: Apple Pencil, Samsung
S Pen), bang vé& k¥ thuat sé (nhu Wacom), hoic man hinh cam tng
cua dién thoai va may tinh bang. Dir li¢u truc tuyén khong chi bao gém
hinh anh cua nét chit ma con ghi lai cac thong tin dong nhu thur ty nét
but, ap luc viét, tbe do viét, va huong di chuyén cua but.

+ Uu diém: Nhimg thong tin dong cung cép ngit canh phong pht, gitp
hé théng dé dang phan tich cac dic diém cua chit viét tay, tir d6 cai
thién do chinh xac cua qua trinh nhan dién.

+ Ung dung: Céc timg dung dién hinh bao gdm ghi chu s6 trén thiét bi di
dong, nhap li€u van ban trén man hinh cam tng, hoac cac giao dién
diéu khién dya trén cir chi viét tay, dac biét hitru ich trong moi truong
lam viéc hodc hoc tap hién dai.

+ Han ché: Yéu cau thiét bi chuyén dung va thudng bi gi6i han trong cac
moi truong ma nguodi dung cé thé tuong tac truc tiép véi cong nghé
cam g, khong phu hop cho viée xir 1y tai lidu di viét san.

-Nhan dién chir viét tay ngoai tuyén (Offline Handwriting

Recognition):

Xtr Iy hinh anh ciia chir viét tay tir tai liéu quét hodc anh chup.

+ Dic diém: Phuong phap nay tap trung vao viéc xir Iy cac hinh anh tinh
ctia chit viét tay, chang han nhu tai liéu duoc quét, anh chup tir may
anh, hodc cac ban thao viét tay trén gidy. Khong gidng nhu nhan dién
trye tuyén, nhan dién ngoai tuyén khong c6 thong tin vé qua trinh viét
(nhu thir tu nét bat hay ap luc), ma chi dwa vao dic diém hinh anh cua
van ban, chéng han nhu hinh dang ky tu, khoang cach gitra cac chir,

va bo cuc tong theé.



+ Uu diém: C6 pham vi ing dung rdng hon, dac biét trong cac linh vuc
nhu s6 hoa tai liéu lich sir, xir 1y biéu miu hanh chinh, hodc phan tich
ghi chu viét tay trong y té va gido duc, vi khong yéu cau thiét bj cam
g va phu hop véi tai liéu di co san.

+ Han ché: La mot bai toan phirc tap hon do thiéu thong tin dong, hé
théng phai d6i mat v6i cac thach thirc nhu chat lwong hinh anh kém,
chir viét tay khong 1o rang, hodc su khac biét trong phong cach viét
cua tung nguoi.

Noi dung dé 4n nay tap trung vao nhan dién chir viét tay ngoai tuyén.

1.2. Tinh hinh nghién ciru trong nwéc

Trong béi canh Viét Nam dang day manh qua trinh chuyén d6i sé qudc
gia, cong nghé nhan dién chit viét tay (Handwritten Text Recognition - HTR)
ndi 1én nhu mot yéu td then chét, ¢6 vai tro chién luoc trong viéc s6 hoa va
khai thac khéi luong 16n dit liéu gidy to hién c6. Chinh phu Viét Nam da thé
hién cam két manh mé& dbi véi su phat trién cua tri tué nhan tao (AI) thong
qua Chién luge quéc gia vé Al dén nam 2030, dit muc tiéu dua Viét Nam tro
thanh trung tim Al cia ASEAN va gép mit trén ban do Al toan cau. HTR,
mot nhanh quan trong cua Al, dang duoc nghién ctru va irng dung sau rong,
tir cac co so hoc thudt dén cac doanh nghiép cong nghé hang dau trong nuée.
Mic du da dat duoc nhitng thanh tyu dang ke, dic biét 1a viéc phat trién cac
giai phap ndi dia véi do chinh xac cao cho tiéng Viét, linh vuc nay van doi
mit v&i nhiéu thach thirc dic thu do tinh phiic tap ctia ngdn ngir va su da dang
ctia nét chir viét tay. Viéc tiép tuc dau tu vao nghién ciru co ban, phat trién bo
dir liéu chét luong cao va thuc ddy hop tac giita cac bén lién quan 1a can thiét

dé HTR c6 thé phat huy t6i da tiém nang, dong gop vao hiéu qua quan 1y hanh



chinh, t6i wu hoa quy trinh doanh nghiép va nang cao chat lugng dich vu

cong.

Céc cong trinh nghién ctru va san pham thuong mai ti€u biéu vé nhan

dang chir viét tay tiéng Viét:

- bai hoc Bach khoa TP.HCM: Mot nhém nghién ctru tai Khoa Khoa hoc
va Ky thuat May tinh, Pai hoc Bach khoa TP.HCM, da trinh bay k¥
thuat nhan dang ky tu viét tay dura trén thong tin tinh. Phuong phap nay
bao gém lam moéng nét ky tu, trich chon dac trung theo chiéu va két
hop cac vécto dac diém cuc bd véi thong tin cAu trac toan cuc, st dung
mang no-ron dé hudn luyén va phan loai. Cong trinh nay da dat do

chinh xac trén 84% trong cac thi nghiém thuc té.

- Pai hoc RMIT: Sinh vién Phung Minh Tuén cta Dai hoc RMIT da phat
trién thanh cong mot hé thong dau cudi dé nhan dién va giai ma chir
viét tay cua bac si Viét Nam trén ban quét bénh an. Cong nghé nay sir
dung céu tric hoc may bao gdm mang no-ron ResNet dé chiét xuat
hinh dang chir, BILSTM dé 1én mau tan suét chit, va CTC cho nhiém
vu sao chép cudi cung. Nghién ctru ndy di giai quyét mot thach thirc
16m trong s6 hoa bénh an tiéng Viét, von phtrc tap béi cac 16p ky tu, am

diéu va dau cau.

- Viettel Al: Trung tdm Dich vu dit liéu va tri tué nhan tao Viettel
(Viettel AT) d4 phat trién cong nghé trich xuat thong tin tir anh van ban
v6i1 dg chinh x4c cao. Cong nghé nay dat 99% véi chit in va 90% voi
chit viét tay tiéng Viét. Diéu dang chi y 1a kha ning nhan dang va xir 1y
chinh x4c cac vin ban anh c6 cau tric phiic tap, bao gdm bang biéu

khong phén tach, dinh dang phi chuan va dic biét 1a chit viét tay tiéng



Viét, noi cac hé thong qudc té thudng gip kho khan. Viettel Al lya
chon hudng di khac biét khi xay dung mdt nén tang cong nghé co kién
tric md, cho phép 1ap ghép linh hoat cac module dé tiy bién theo nhu
cdu cua ting bai toan cu thé. Giai phap tiéu biéu cta ho 1a Viettel IPA,
mot cong cu tu dong hoa quy trinh dang duoc trién khai rong rii trong
nhiéu linh vuc nhu bao hiém, ngan hang, hanh chinh - vin phong.
Viettel IPA cho phép nhan dién chir viét va ty dong trich xuét thong tin
tir cac loai gidy to tuy than, hoa don, hop dong, gitip tu dong phan loai
va phé duyét ho so, t6i vu quy trinh xtr Iy gidy to. San pham nay duoc
ghi nhan c6 kha ning s6 hoéa hang triéu ho so va tiét kiém dén 80% thoi
gian va cong stic cho céc to chirc va doanh nghiép. Cong trinh cua
Viettel Al da nhan dugc nhiéu giai thuong uy tin trong nude va qudc té

nhu VIFOTEC 2024.

FPT.Al (FPT Al Read): FPT Al Read 1a mot giai phap nhén dang va
trich xuét chir viét tay tir hinh anh, duoc t6i wu hoa dic biét cho tiéng
Viét. Giai phap nay tich hop cac cong nghé Machine Learning, Deep
Learning va Computer Vision dé nhan dang ky tu s6 va chit viét tay cua
con ngudi. FPT Al Read dat do chinh xac 80-85% cho chi viét tay va
trén 95% cho chir in. Mot diém manh cua FPT Al Read 1& mé hinh xac
minh thong tin, c6 kha ning kiém tra tinh dung dan ciia thong tin trich
xuat, nhan dién cac bat thuong (nhu thiéu hoic thira ky tu, ngay thang
sai) va tham chi d6i chiéu thong tin giita nhiéu tai liéu hodc véi hé
théng CRM ctia doanh nghiép. Giai phap nay dugc tmg dung rong rii
trong cac nganh nhu bao hiém (xir Iy bénh 4n), tai chinh-ngan hang (y
nhiém chi, tai liéu khach hang), va y té (hd so bénh nhan). Viéc tu dong

hoa nhap liéu bang FPT Al Read dugc cho 14 nhanh hon 40-50 14n so



v6i nhap liéu thi cong, giam thiéu 161, ting cudng bao mat théng tin va

tiét kiém dang ké chi phi ciing nhu khong gian luu trit.
1.3. CAC PHUONG PHAP NHAN DIEN CHU VIET TAY
1.3.1. Phwong phap truyén théng

Céc phuong phap truyén théng trong nhan dién chit viét tay dya trén cac
k¥ thuat xtr Iy anh két hop véi cac thuat toan hoc may nhu phéan loai, mé hinh
x4c suat, hoic so sanh miu. Nhitng phuong phap nay timg dong vai trd quan
trong trong giai doan dau cuia HWR, trude khi cac mé hinh hoc séu nhu mang
no-ron tich chap (CNN) hay Transformer tré nén thong tri. Dudi day 1a phan
tich chi tiét vé ba k¥ thuat truyén thong chinh: Optical Character Recognition
(OCR), Hidden Markov Model (HMM), va Support Vector Machine (SVM).
Nhan dién ky te quang hoc (Optical Character Recognition -OCR)

- Nhén di¢n ky tu quang hoc (OCR) 1a mét trong nhitng k¥ thuat tién
phong duoc st dung dé nhan dién vin ban, ca in 1an viét tay. OCR truyén théng
hoat dong bang cach phan tich hinh anh dau vao, trich xuét cac dic trung hinh
hoc hoic so sanh voi cac mau ky tu ¢ san trong co s& dit liéu. Cac cong cu
OCR pho bién nhu Tesseract OCR va Google Vision API di duogc phat trién dé
xtt 1y chir viét tay, nhung chung thuong dugc t6i vu hoa cho vin ban in hon
[3]. Theo nghién ctru ctia Smith (2007), Tesseract OCR 1a mdt cong cu ma
ngudn mé v4i kha nang tiy chinh cao, nhung hiéu suat ctia né giam khi gip

chir viét tay tu nhién do su da dang trong phong céach viét.
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Hinh 1.2: Nhan dién ky tu quang hoc tmg dung trong doc bién béo thuc té.

Sau.

- Cach hoat dong: Qua trinh OCR truyén théng bao gdm cac budc chinh

Tién xtr Iy: Chuan héa hinh anh bang cach loai bo nhiéu, diéu chinh

+

do tuong phan, nhi phan héa (binarization), va stra 1éch (skew
correction) dé lam nodi bat van ban [4].

+ Phan doan: Chia hinh anh thanh cac vung chura ky tu, tir, hodc dong
van ban riéng 1&.

+ Trich xuét dic trung: Xac dinh cac dic trung nhu hinh dang ky tu,
ty 1€ nét chit, hoac goéc nghiéng.

+ Phan loai: Sir dung thuat todn so sanh mau (template matching) hoc

phan loai dé nhan dién ky tu.
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+ Hau xtr 1y: Ap dung tir dién ngén ngit hodc cac quy tic ngit phap dé
stra 161 nhan dién [5].

- Uu diém:

+ D@ trién khai trén cac hé thong c6 tai nguyén han ché, phu hop véi
cac thiét bi khong yéu ciu sitc manh tinh toan cao [6].

+ Hiéu qua khi xt 1y vin ban in hodc chit viét tay rd rang, dong déu,
chang han nhu biéu mau hanh chinh.

+ Céc cong cu nhu Tesseract OCR cung cép kha ning tiiy chinh linh
hoat, cho phép tich hop véi cac ing dung cu thé [3].

- Han ché:

+ Do chinh xac giam dang ké khi xr 1y chir viét tay khong rd rang, nguéch
ngoac, hodc c6 phong cach ca nhan hoa cao [7].

+ Kho xir Iy cac ngdn ngit phirc tap nhu tiéng Viét, noi dau thanh (séc,
huyén, hoéi, ngd, ning) va tir ghép doi hoi hiéu ngir canh dé nhéan dién
chinh xac.

+ Yéu cau co s dir liéu mau ky tr da dang, nhung viée xay dung co so
dir liéu chir viét tay chat luong cao 13 mot qué trinh tén kém va phirc
tap [8].

- Ung dung: Tesseract OCR dugc sir dung rong rii trong s6 hoa tai lidu
hanh chinh, thu vién, va cac img dung giao duc [3]. Google Vision API, vdi
kha nang tich hop trén nén ting dam may, hd tro cac ung dung thuong mai nhu
nhén dién chir viét tay trén thiét bi di dong, nhung van gip kho khin véi cac
van ban viét tay tiéng Viét do thiéu dit liéu huan luyén chuyén biét.

M@ hinh Markov an (Hidden Markov Model - HMM)
-Mo6 hinh Markov 4an (HMM) 12 mdt mé hinh xac sut dugc sir dung dé
nhan dién chudi ky tu trong vin ban viét tay, dac biét phu hop véi cac nhiém

vu lién quan dén dir li¢u ¢ tinh chuoi nhu van ban hodc 161 n6i. HMM gia dinh
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rang chir viét tay 12 mot chudi cac trang thai an (hidden states), mdi trang thai
dai dién cho mot ky tu hodc mot phf?m cua tur, va cac quan sat la cac dac trung

hinh anh thu thap duoc tir hinh anh dau vao [9].

Hidden Markov Model

al2 a23
X1 221 X2 X3
b22 b32
| bl2 b31 b33b34
\b?'l K‘ bl4} [ b24 \
L b13\~ \\
yl y2 y3 y4

Hinh 1.3: Minh hoa M6 hinh Markov an

- Céach hoat dong:

+ MO hinh héa: HMM bao gdm mot tap hop trang thai an va cac xac
suat chuyén doi giita chiing. Mdi trang thai phat ra mot quan sat dua
trén dic trung hinh anh, chang han nhu goc nét chit hodc ty 18 ky tu
[10].

+ Huén luyén: Str dung thuat toan Baum-Welch dé ubc tinh cac tham
s6 md hinh (x4c suat chuyén doi va phat ra) tir dir liéu huan luyén.

+ Nhan dién: Ap dung thuat toan Viterbi dé tim chudi trang thai c6 xac
suat cao nhat, twong (g véi vian ban dau ra [5].

+ Hau xtr Iy: Két hop véi tir dién hodc mo hinh ngdn ngir dé sira 16i va

cai thién do chinh xac.



13

- Uu diém:

o Hiéu qua trong viéc md hinh hoa cac chudi dai, chang han nhu cau

hodc doan vin, nho vao kha niang xir 1y tinh chudi cua dir lidu [11].

o €0 thé tich hop véi cac tir dién ngdn ngit hodc quy tic ngir phap
dé ting cudng d6 chinh x4c trong giai doan hau xir 1y.
o Linh hoat trong viéc xir Iy cac ngdn ngir c6 ciu trac phirc tap, nhu
tiéng A Rap hoic tiéng Trung [12].
- Han ché:
+ Yéu cau trich xuat dic trung thii cong, 1am ting do phirc tap va giam
kha nang tong quat hoa cia mé hinh [4].
+ Hiéu suat giam khi xtr 1y chi¥ viét tay c6 phong cach khong dong nhat
hodc chtra nhiéu 16i hinh anh, chang han nhu chir viét nguéch ngoac
hodc hinh anh c6 nhiéu.
+ Dbi voi tiéng Viét, HMM gap kho khan trong viéc nhan dién dau
thanh néu khong c6 tap dir liéu huan luyén du 1on va da dang.
- Ung dung: HMM ting 14 phuong phép chii dao trong nhan dién chit viét
tay truc tuyén va ngoai tuyén trudc khi hoc sau trd nén phd bién. Cac hé
thng lai nhu HMM-GMM (Gaussian Mixture Model) hoic HMM-CNN
d3 duoc phat trién dé cai thién hiéu sut, dic biét trong nhan dién chit
viét tay tiéng A Rép va tiéng Trung [12]. Trong bdi canh tiéng Viét,
HMM da duogc tht nghiém nhung chua dat hi¢u qua cao do thiéu dir liéu
huén luyén chuyén biét.
May vector hé tro (Support Vector Machine -SVM)

May vector hd trg (SVM) 1a mot thuat toan hoc may duoc sir dung dé
phan loai ky tu dua trén cac dac trung hinh dang hoac hinh hoc. SVM tim mot
siéu phang ti uu trong khong gian dic trung dé phan tach cac 16p ky tu khac

nhau, voi muc tiéu t6i da hoa khoang cach giira cac 16p (margin) [13].
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Hinh 1.4: Minh hoa m6 hinh Support Vector Machine

Cach hoat dong:

Trich xuét dic trung: Cac dic trung nhu ty 1& nét chi, goc nghiéng, hoic

c4u tric hinh hoc dugc trich xuét tir hinh anh ky tu bang cac k¥ thuat nhu

PCA (Principal Component Analysis) hoac HOG (Histogram of Oriented

Gradients) [14].

Huén luyén: SVM hoc cach phan loai cac ky tu bﬁng cach t6i vu hoa siéu

phang duya trén dir liéu huan luyén, thuong st dung cac kernel nhu tuyén

tinh (linear) hoac RBF (Radial Basis Function).

Nhan dién: Str dung mé hinh da huén luyén dé phan loai cac ky tu méi

dua trén ddc trung cua chung [15].

- Uu diém:

+ Hiéu qua trong viéc phan loai dit liéu tuyén tinh va phi tuyén tinh, dic
biét khi st dung cac kernel phi tuyén nhu RBF [13].

+ C6 thé hoat dong tot voi cac tap dit liéu nho hon so véi cac md hinh
hoc sdu, phii hop véi cac tng dung ¢ tai nguyén han ché.

+ D& trién khai va diéu chinh, dic biét trong cac nhi¢ém vy nhan di¢n ky

tu don gian [11].
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- Han ché:

+ Yéu cau trich xuat dic trung thi cong, doi hoi kién thirc chuyén
mon va 1am ting d6 phirc tap ctia qua trinh thiét ké hé thong [11].

+ Hiéu suat giam khi xtr Iy cac bién thé 10n trong chit viét tay hodc
khi tap dir liéu khong du da dang dé dai dién cho cac phong cach
viét khac nhau.

+ Khong tan dung dugc ngit canh cua van ban, dan dén kho khan
trong viéc nhan dién chudi ky tu hodc tur, dac biét vdi cdc ngdn ngix
nhu tiéng Viét c¢6 cdu tric tir ghép phic tap.

SVM thudng duoc sir dung trong cac hé théng nhan dién chit viét tay don
gian, chéng han nhu nhan dién chir sb viét tay (nhu tap dir li¢u MNIST) hoac
cac ky tu riéng 1¢ trong cac ing dung nhu nhan dién ma buu di¢n [16]. Trong
bbi canh chir viét tay tiéng Viét, SVM da duoc thir nghiém nhung khong dat
hiéu suét cao do su phtc tap cua dau thanh va tir ghép, nhur dugc ghi nhan trong
nghién ctru cua Nguyen va Le (2020).

Quy trinh nhan dién chir viét tay truyén théng
Theo nghién ctru ciia Impedovo va Pirlo (2014), quy trinh nhan dién chi
viét tay truyén thong thudng bao gdbm cac budc sau [4]:
- K¥ thuat s6 hoa hinh anh: Chuyén doi tai liéu vat Iy thanh hinh anh k¥
thuat s6 bang may quét hodc may anh.
- Tién xur ly: Ap dung céc k¥ thuat nhu nhi phan hoa, loai bo nhiéu, phat
hién canh, stra 1éch, va chuin hoa hinh anh dé cai thién chét luong dau
Vao.
- Phan doan: Chia hinh anh thanh cac vung chua ky tu, tir, hodc dong van
ban riéng 1¢, st dung céc thuat toan nhu phan tich bd cuc hodc phat hién

khoang trang.
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- Trich xuat dic trung: St dung cac k¥ thuat nhu PCA, LDA (Linear
Discriminant Analysis), hoic HOG d¢ trich xuat cac dic trung quan
trong tir cac vung da phan doan [14].

- Phan loai: Phan loai cac dic trung thanh cac ky tu hodc tir bang cac
phuong phéap nhu so sanh mau, SVM, hoic HMM.

- Hau xu 1y: Ap dung céc tir dién ngdn ngit, quy tic ngir phap, hoic md
hinh x4c sudt dé sira 181 va cai thién d6 chinh xéac [17].

Quy trinh nay tuy don gian va dé trién khai, nhung gap nhiéu han ché khi
xtt 1y chit viét tay tu nhién do su phu thudc vao cac bude thii cong va thiéu kha
nang hoc héi tur dit liu phtrc tap.

- So sanh hiéu suat va khoang tréng nghién ctu:

Bang so sanh hiéu suat:

Duya trén cac nghién ctru gan day, dudi day 1a bang so sanh hiéu suat cta
cac md hinh HWR, bao gom ca phuong phap truyén théng va hién dai, trén céc

tap dit liéu pho bién [7]:
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Bang 1.1: Bang so sanh hiéu suét cac phuong phap truyén thong:

M® hinh Tap dir liéu CER (%) WER (%) | Thoi gian xur
1y (s/mau)
Tesseract 1AM 15.3 28.6 0.2
OCR
HMM CASIA- 12.8 25.4 0.4
HWDB
SVM RIMES 14.2 27.8 0.3

CER (Character Error Rate): Po luong ty 18 16i ky tu, tinh bang s6 ky tu

sai (thém, bét, thay thé) chia cho tong sd ky tu.

WER (Word Error Rate): Do ludng ty 18 15i tir, twong tw CER nhung ap

dung & cap do tur.

Thoi gian xir 1y: Thoi gian trung binh dé xtr Iy mot mau hinh anh, phan

anh hiéu suat tinh toan ciia mo hinh.

Bang trén cho thiy cac phuong phap truyén thong nhu Tesseract OCR,
HMM, va SVM c¢6 hiéu suit thip dang ké.

Céac phuong phap truyén théng gip phai nhiéu han ché, nhu dugc ghi

nhén trong cac nghién ctru:

- Do chinh xéc thap: Do phu thudc vao trich xuit dic trung thu cong, cac

phuong phap ndy khéng thé xtr 1y hiéu qua cac bién thé 16n trong chir

viét tay, nhu chir viét nguéch ngoac hodc phong cach ca nhan.

- Kho khin v6i ngdn ngir phirc tap: Cac ngdn ngit nhu tiéng Viét, véi dau

thanh va tir ghép, Yéu cau mo hinh hiéu ngit canh, diéu ma cac phuong

phép truyén thong khong lam tét.
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- Yéu cau dix liéu 16n: Dé dat do chinh xac cao, can ¢6 co s& dit liéu mau
da dang, nhung viéc thu thap dir li¢u chir viét tay chét lugng cao la tdn
kém va mat thoi gian.

- Kha ning tong quat hoa kém: Cac phuong phép truyén thong thuong
duoc toi wu hoa cho cac tap dir liéu cu thé, dan dén hiéu suat giam khi ap
dung cho céac ngir canh moé1 hoac ngdén ngtr khac.

1.3.2. Phwong phap hién dai dwa trén Deep Learning

Nho su phat trién vuot bac cua hoc sdu, cac md hinh nhan dién chir viét
tay hién dai da dat dugc nhitng bude tién dang ké vé do chinh xac va kha ning
xtr 1y cac loai chi viét tay phirc tap, tir chit viét tay roi rac dén chir viét tay ndi
lién. Cac phuong phap nay tan dung cac kién tric mang no-ron tién tién dé tu
dong hoc cac ddc trung tur dir li¢u, vuot xa cac k¥ thuat truyén théng dua trén
trich xuat dic trung thii cong. Trong phan nay, ba k¥ thut hoc sau chinh dugc
phan tich chi tiét: mang no ron tich chap, mang no ron hoi tiép/ mang bd nhd
ngan dai han, va nhan dién ky tu dya trén Transformers. Mdi k¥ thuat duoc
trinh bay véi mo t4, cach hoat dong, uu diém, han ché, va ung dung thuc tién,
dua trén cac nghién ctru khoa hoc uy tin.

1.3.2.1. Convolutional Neural Networks (CNN)

Convolutional Neural Networks (CNN) 1a mét trong nhitng mo hinh hoc
sau phé bién nhat trong nhan dién chir viét tay, dac biét trong cac hé théng nhan
dién ngoai tuyén, noi dau vao 1a hinh anh tinh. CNN hoat dong bﬁng cach trich
xuat ty dong cac dic trung khong gian tir hinh anh, chang han nhu hinh dang
ky tu, ty 1€ nét chit, hoac bd cuc van ban. Theo nghién clru cia Memon va cong
su (2020), CNN d3 chirmg minh hiéu qua cao trong viéc nhan dién chit viét tay

nhd kha ning hoc cac dic trung cap cao ma khong can can thiép thi cong [7].
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Vi du, trong nhan di¢n chir s6 viét tay trén tap dir liéu MNIST, CNN dat do

chinh xac vuot trdi so vdi cac phuong phap truyén thong nhu SVM [14].
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Hinh 1.5: Minh hoa kién trac CNN trich xuat dic trung tir hinh anh chir viét

tay.

Qua trinh nhan dién chit viét tay bang CNN bao gom cac budc chinh sau:
Tién xir Iy hinh anh: Chuén héa hinh anh dau vao bang cach diéu chinh kich
thudc, loai bo nhidu, va nhi phan hoa dé 1am ndi bat vin ban [4].

Tich chap (Convolution): Ap dung cac bd loc (filters) dé trich xuat cac dic
trung nhu canh, goc, hodc hinh dang ky tu tir hinh anh.

Gop (Pooling): Giam kich thudc khong gian cua dic trung dé ting hiéu qua
tinh toan va gidm nguy co qua khop (overfitting).

Phén loai: Str dung cac 16p két ndi day du (fully connected layers) hoic cac
ham kich hoat nhu softmax dé phan loai cac dic trung thanh cac ky tu hodc
tu [18].

Hau xt Iy: Ap dung céc k¥ thuat nhu tir dién ngén ngit dé sira 16i nhan dién
[5].

- Uu diém:



20

+ Tuwdong hoc cac dac trung tur dir li€u, loai bo nhu cau trich xuat dic trung
tht cong vén phirc tap va ton thoi gian [7].

+ Hiéu qua cao trong nhan dién chir viét tay r0 rang, dac biét 1a chir s6 hodc
ky tu riéng 1¢é, nhu dugc chirng minh trén tap dit licu MNIST v61 d0 chinh
xéac 1én dén 99% [14].

+ D& dang mo rong va tich hop voi cac mo hinh khéc, chang han nhu RNN
hodc Transformer, dé xir Iy cac nhiém vy phtrc tap hon [19].

Han ché:

+ Hiéu suat giam khi xt 1y chit viét tay ndi lién hodc c6 phong cach viét
khong dong nhat, do CNN tap trung vao dic trung khong gian ma thiéu
kha niing mo hinh hoa chudi.

+ Yéu cau tap dir liéu huan luyén 16n va da dang dé dat hiéu qua cao, dic
biét v&i cac ngdn ngit ¢ hé thdng chir viét phic tap nhu tiéng Viét.

+ Tbn tai nguyén tinh toan khi xtr Iy hinh anh d6 phan giai cao hodc van
ban dai, doi hoi phan cirng manh mé.

CNN duoc st dung rong ri trong cac hé thong nhan dién chir s6 viét tay (nhu
ma buu dién), nhan dién ky tu riéng 1€, va cac img dung OCR thuong mai nhu
Google Vision API. Nghién ctru cua Kavitha va Srimathi (2020) da ap dung
CNN dé nhan dién chir viét tay tiéng Tamil, dat d6 chinh x4c 95.16% trén tap
dir liéu tuy chinh. Trong bdi canh tiéng Viét, CNN cling dugc thir nghi¢m
nhung thuong két hop voi cac mé hinh khac dé xir Iy ddu thanh va tir ghép.
1.3.2.2. Recurrent Neural Networks (RNN) / Long Short-Term Memory
(LSTM)

Recurrent Neural Networks (RNN) va cac bién thé nhu Long Short-Term
Memory (LSTM) duoc thiét ké dé xu 1y dit liéu chudi, rat phu hop cho nhan

dién chit viét tay lién tuc, chang han nhu tir hodc cau viét tay ndi lién.
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RNN/LSTM c6 kha ning ghi nhd thong tin tir cac bude trude dé du doan cac
ky tu tiép theo, gitip m6 hinh hoa mdi quan hé ngit canh trong vian ban. Theo
nghién ctru ciia Graves va Schmidhuber (2009), LSTM da dat CER 6.8% trén
tap dir liéu IAM, chiing minh hi€u qua vuot trdi trong nhan dién van ban viét
tay tiéng Anh [19]. BILSTM, mot bién thé cia LSTM, con cai thién hiéu suét

bang cach xtr Iy chudi theo cé hai chiéu (tién va lui) [20].
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Hinh 1.6: Minh hoa kién trac BILSTM xtr NG chudi ky tu trong nhan dién chix

viét tay.

Qua trinh nhan dién chir viét tay bang RNN/LSTM bao gém céc budc
chinh sau:
Tién xir ly: Chuén héa hinh anh hodc dit liéu diém (trong nhan di¢n truc
tuyén) dé tao dau vao phu hop [4].
Trich xuét dic trung: Str dung CNN hoic cac ki thuat khac dé tao biéu dién
dac trung tir hinh anh hoac chudi diém, lam dau vao cho RNN/LSTM.
Mo hinh héa chudi: RNN/LSTM xtr 1y chudi dic trung theo thdi gian, ghi

nhd thong tin ngir canh dé du doan cac ky tu hodc ti.
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Giai ma: Ap dung cac k¥ thuat nhu Connectionist Temporal Classification
(CTC) dé ddng bd hoa dau vao va dau ra ma khong can phan doan trude.
Hau xir Iy: St dung tir dién hodc mo hinh ngdn ngir dé stra 161 va tdi uu hoa
vin ban dau ra [5].
- Uu diém:
+ Hiéu qua trong m6 hinh hoa chudi dai, dic biét 12 vin ban viét tay ndi
lién, nho kha nang xtr 1y tinh chudi va ngit canh.
+ €06 thé tich hop v6i CNN dé tao thanh mé hinh lai (CRNN), cai thién
hiéu suét trén cac tap dir liéu 1on nhu IAM va RIMES.
+ Phu hop cho ca nhan dién tryuc tuyén va ngoai tuyén, dac biét voi cac
ngdn ngit c6 cau triac phic tap nhu tiéng A Rap.
- Han ché:
+ Yéu cau thoi gian hudn luyén lau va tai nguyén tinh toan 16n, dic biét
voi cdc mo hinh BiLSTM trén tap dir liéu 16n.
+ Hiéu suat giam khi xt 1y chit viét tay c6 nhiéu cao hodc phong cach
viét khong dong nhat, doi hoi dir liéu huan luyén da dang.
+ Kho xtr 1y cac ngdn ngit nhu tiéng Viét néu thiéu dir liéu huan luyén
chuyén biét dé hoc d4u thanh va tir ghép.

RNN/LSTM dugc st dung rong rai trong nhan dién chir viét tay truc
tuyén (nhu Google Handwriting Input) va ngoai tuyén (nhu sd hoa tai liéu).
Nghién ctru ctia Sharma va Singh (2024) da ap dung mo6 hinh lai CNN-BIiLSTM
dé nhan dién vin ban viét tay tiéng Anh, dat do chinh xac 98.50% trén tap dir
li¢u IAM. Trong bdi canh tiéng Viét, RNN/LSTM da dugc thr nghi€ém nhung

can cai thién dé xur ly dau thanh hiéu qua hon.
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1.3.2.3. Transformer-based OCR (TrOCR)

Transformer-based OCR (TrOCR) la mot phuong phap tién tién sir dung
kién tric Transformer, von ndi tiéng trong xtr Iy ngdn ngit tw nhién (NLP), dé
nhan dién chir viét tay. TrOCR két hop cac mé hinh Transformer ma hoa-giai
ma (encoder-decoder) véi cac ki thuat hoc siu dé nhan dién van ban truc tiép
tir hinh anh, vuot troi hon CNN va RNN trong mét sé trudng hop nho co ché
chu y (attention mechanism). Theo nghién ctru cua Li va cong su (2021) [21],
TrOCR dat CER 5.2% trén tap dir liéu IAM, cai thi¢n dang ké so vGi cac mod
hinh CNN+RNN+CTC [22]. TrOCR dac biét phu hop cho cac nhiém vu yéu
cau hiéu ngi canh sau, ch'fmg han nhu nhan dién van ban viét tay phurc tap hoac

da ngon ngf.

Outputs

[ra Je e ] e ][ Lo IMIINII"MTE

Feed Forward Feed Forward
xN 1 Multi-Head Attention xN

Multi-Head Attention Masked Multi-Head Attention

Encoder Decoder
EEEEEE - EEIEEw:[eos ) zc]Esse] [ of [ oxml
L_”_,JL:JL:JLJJLJI _I"E”U'\ms‘mch Outputs (shifted right)

I Flatten
HHEENSEETOFHEDONAE S |LICENSEE OF MCDONALD’S|

Image Patches Input Image

Hinh 1.7: Minh hoa kién trac TrOCR duya trén Transformer nhan dién chit viét

tay tur hinh anh.

Qua trinh nhan dién chir viét tay bang TrOCR bao gom cac budc chinh sau:
- Tién xir 1y hinh anh: Chuan héa hinh anh dau vao dé dam bao chat luong
t6t, loai bo nhiéu va diéu chinh kich thudc [4].
- M4 héa (Encoding): Sir dung Transformer encoder dé trich xuit dic trung
tir hinh anh, tan dung co ché cha y dé tap trung vao cac ving chira vin ban
[21].
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- Giai ma (Decoding): Transformer decoder du doan chudi ky tur hodc tir
dura trén dic trung ma hoa, két hop véi co ché cha ¥ dé mé hinh hoa ngir
canh [18].

- Hau xtr Iy: Ap dung md hinh ngdn ngit hoic tir dién dé stra 16i va t6i wu
héa vin ban dau ra [18].

- Uudiém:

+ Hiéu qua cao trong nhan dién van ban phirc tap nho co ché cha y, cho
phép mo hinh bat dugc cac phu thudc dai han trong dit licu.

+ Tdc @6 xtr Iy nhanh hon so v6i RNN/LSTM, dic biét khi trién khai
trén phan ctmg hién dai nhu GPU.

+ €0 kha nang tich hop v&i cac md hinh ngdn ngit nhu BERT dé cai
thién hau xu ly, dac bi€t vdi cac ngdn ngilr can hiéu ngir canh nhu tiéng
Viét [23].

- Han ché:

+ Yéu cau tai nguyén tinh toan 16n, dac bi¢t khi huin luyén trén tap di
liéu 16n hoic trién khai trén thiét bi di dong.

+ Hiéu suat phu thudc vao cht luong va quy mo dit liéu huan luyén, gay
kho khin cho cic ngdn ngit it tai nguyén nhu tiéng Viét.

+ Kho toi uvu hoa cho cac tmg dung thoi gian thuc do d phire tap tinh toan
ctia kién tric Transformer.

TrOCR duogc st dung trong cac h¢ théng OCR tién tién, nhu nhén dién
van ban viét tay trong tai li¢u lich st hodc ung dung thuong mai trén nén tang
dam may. Nghién ctru cta Li va cong sy (2021) d3 4p dung TrOCR dé nhan
dién van ban tiéng Anh va tiéng Trung, dat hi¢u suét cao trén cac tap dir li¢u

IAM va CASIA-HWDB [23].
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1.3.2.4. Bang so sanh hiéu suit:

Dura trén cac nghién ctru gan day, dudi day 1a bang so sanh hi¢u suat cia

cac md hinh HWR hién dai trén céc tap dir liéu pho bién:

Bang 1.2: Bang so sanh hiéu suat cac mo hinh HWR hién dai

M6 hinh B0 dir liéu CER WER Thoi gian
xur ly

CNN+RNN+CTC IC03 6.8 14.5 0.3

TrOCR base IAM 3.42 11.8 0.5
(Transformer)

CNN+BERT CASIA- 7.5 15.2 0.9

HWDB
CNN+ BiLSTM RIMES 4.8 10.2 0.4

Bang trén cho thiy cac mé hinh hoc sdu nhu TrOCR va CNN+BiLSTM
vuot tro1 hon so véi CNN don 1é, nhung thoi gian xir ly cia TrOCR va
CNN-+BERT van chua dugc toi wu hoa hoan toan, dic biét voi thoi gian xir Iy
cao (0.9s/mau), dit ra thach thirc trong cac tng dung thoi gian thuc

Maic du cac mé hinh hoc sdu nhu CNN+RNN+CTC va TrOCR da cai
thién dang ké hiéu suat caia HWR, van con nhiéu khoang tréng nghién ctru can
duogc giai quyét:

- Hiéu suat thoi gian thyc: Cac mo hinh nhw CNN+BERT c¢6 thoi gian xir ly
cao (0.9s/mau), khong phu hop véi cac tmg dung yéu cau xir Iy thoi gian
thie, nhu nhap lidu truc tiép trén thiét bi di dong.

- Tich hop ngit canh ngdn ngii: Cac phuwong phap truyén thong va mot s6 mo
hinh hoc siu khéng tan dung t&t ngir canh ngdn ngit, ddn dén 13 chinh ta khi

nhén dién céc tir dong am hodc tur ghép.
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- Téi uu hoa tai nguyén: Cac mé hinh hoc sdu nhu BERT yéu cdu tai nguyén
tinh toan 1on, gdy khé khan khi trién khai trén cac thiét bi di dong hoac may
tinh ¢4 nhan c6 ciu hinh thip.

- Pé an hudng dén viéc 1ap day cac khoang trong trén bang cach:

- Tich hop BERT nhu mét 16p hau xtr 1y dé sira 16i va toi wu héa van ban dau
ra tu OCR.

- Tinh chinh BERT trén dit liéu thu thap dugc dé xir Iy mot cach chinh xéac
hon.

- Tbi wu héa hiéu suat tinh toan ciia BERT dé cai thién kha nang xur 1y thoi
gian thyc, hudng dén cac tng dung thuc té.

1.4. . KET LUAN CHUONG 1

Chuong nay da cung cdp mot cai nhin toan dién vé dé tai nghién ciru,
bao gdm tong quan vé cong nghé nhan dién chir viét tay, cac tmg dung thuc té,
tiém nang phat trién, va nhiing thach thirc con ton tai. Pong thoi, chuong ciing
1am rd cac muyc tiéu cu thé cua dé an, bao gom phan tich hiéu suat hién tai, ing
dung m6 hinh BERT, thir nghi€ém trén dir liéu thuc té, va dé xuat huong phat
trién. Phuong phap nghién ctru dugce trinh bay chi tiét, tir tong hop tai liéu, xay
dung hé théng, dén huan luyén va t6i wu hoéa md hinh, dam bao rﬁng qua trinh
thuc hién duoc tién hanh mot cach khoa hoc va c¢o hé théng. Pham vi nghién
ctru cling duoc xac dinh 16 rang dé phu hop voi cac gidi han vé thoi gian va tai
nguyén, dong thoi tao nén tang cho cac mé rong trong twong lai.

Trong cac chuong tiép theo, dé an sé& di siu vao cac khia canh ky thuat,
bao gdm co s& 1y thuyét vé nhan dién chir viét tay va moé hinh BERT, quy trinh
trién khai, va cc két qua thir nghiém. Nhing ndi dung ndy s& cung cap céi nhin

rd nét hon vé cach cong nghé nhan dién chir viét tay co thé duoc cai thién thong
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qua vi¢c ung dung cdc md hinh ngén ngtr tién tién, dong tho1 dong gop vao su

phat trién cua linh vuc nay trong bdi canh chuyén ddi s6 ngay cang siu rong.
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CHUONG 2: TOI UU THUAT TOAN NHAN DIEN CHU'
VIET TAY DUA TREN MO HINH NGON NGU BERT
2.1. MO HINH NGON NGU BERT

2.1.1. Gigi thiéu vé BERT

BERT, viét tit cua Bidirectional Encoder Representations from
Transformers, 12 mot mo hinh ngdn ngi tién tién dugc Google gidi thiéu vao
nam 2018, danh diu mot budc ngodt trong linh vuc xtr 1y ngdn ngit ty nhién
(NLP). Theo bai bao gdc ciia Devlin va cong su, BERT dugc thiét ké dé hoc
biéu dién ngit canh hai chiéu tir vin ban khong gan nhan, cai thién dang ké hiéu
suat trén nhiéu nhiém vu NLP nhu phan loai vin ban, tra 10i cau hoi, va nhan

dién thuc thé [23].

Predict A/B

(e[ e L

Cew ) J0me )0 ) ) )L - (e ]

Y
Randomly Replace Sentence
B with 50% Probability

Hinh 2.1: Kién tric tong quan BERT

BERT khac biét so vai cac md hinh trude dady nhue LSTM (Long Short-
Term Memory) hoic GRU (Gated Recurrent Unit), von chi xir Iy ngit canh theo

mot hudng (tir trai sang phai hodc nguoc lai). BERT su dung kién tric
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Transformer v&i co ché cht ¥ hai chiéu (bidirectional attention), cho phép no
hiéu ngit canh ctia mdi tir bang cach xem xét ca phan trudc va sau trong cau,
nhu dugc giai thich trén [24]. Piéu nay giup BERT nam bét duoc y nghia chinh
xac hon, ddc biét trong cac truong hop tur da nghia (polysemy), nhu duogc thao
luan trén [25].

2.1.2. Kién trac ciia BERT

BERT dua trén kién trac Transformer, dugc gidi thi€u trong bai bao
"Attention Is All You Need" ctia Vaswani va cong su (2017), st dung co ché
Self-Attention dé hoc mdi quan hé giita cac tir trong ciu [26]. Kién trac nay
bao gém cac 16p encoder, mdi 16p c6 co ché chu ¥ va mang no-ron feed-
forward, BERT str dung kién trac encoder-only, tap trung vao viéc hiéu dau

vao thay vi tao dau ra.

Important
Cpose || | [joumee_]
F 3
Unimportant

[HowHwasHyourH day‘

Hinh 2.2: Minh hoa co ché Self-Attention trong Transformer, nén tang cta

BERT.

Céu trac caa BERT c6 hai phién ban chinh: BERT-base vé6i 12 tang va
BERT-large véi 24 tang, mdi tang st dung 12 dau chu ¥ (attention heads) va
kich thudc embedding 1a 768. Phién ban da ngdn ngit (multilingual BERT) ho

trg 104 ngon ngtr, bao gém tiéng Viét, dugc huin luyén trudce trén dir lidu tur
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Wikipedia va Common Crawl. Theo tai liu tr Hugging Face (2023),
multilingual BERT dat do chinh xac khoang 85% trong cac tac vu phan loai
van ban tiéng Viét, trong khi PhoBERT[27], mot bién thé t6i wu hoa cho tiéng
Viét, dat 88%

BERT dugc tmg dung rong rai, tir cai thién két qua tim kiém ctia Google
Search nho kha ning hiéu ngit canh, dén hd tro cac hé thong chatbot nhu Grok
cta XAL von st dung cac bién thé cua Transformer dé tao ra cic cudc dbi thoai

tu nhién va muot ma.

/

[N
=

=)
Y

[ Encoder ] 3 [ Encoder ]

Add & Norm
Feed Forward

Add & Norm
Multi-Head
Attention

K - BERTg.se BERTLargy

Hinh 2.3: Kién tric BERT base bao gom 12 16p

12 Encoder

Encoder

&

[ Encoder] 4 [ Encoder ]

— 1 [Encoder] 1 [Encoder]

MG&i 16p Transformer Encoder bao gdm hai phan chinh: Multi-Head Self-
Attention va Feedforward Neural Network, két hop véi Layer Normalization
va Residual Connections:

- Tu Self-Attention dén Multi-Head Self-Attention:

Pay chinh 14 co ché khi mdi tir c6 thé diéu chinh trong s6 ciia n6 cho
cac tir khac trong cau sao cho tir & vi tri cang gan no nhét thi trong s cang
16n va cang xa thi cang nho dan. Sau budc nhung tir (di qua embeding layer)
ta c6 dau vao cua encoder va decoder 1a ma tran X co kich thugc m x n véi

m,n lan luot 1a do dai cau va so chiéu cua 1 vector nhing tur.
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Hinh 2.4: M6 ta co tong quan co ché Self-Attention

Trong khung mau vang ¢ hinh 2.9 1a 3 ma tran W, Wy, W, chinh la
nhitng hé s6 ma model can huan luyén. Sau khi nhan cac ma tran nay véi ma
tran dau vao X ta thu duoc ma tran Q, K,V (twong thich véi trong hinh 1a ma
tran Query, Key, Value). Ma tran Query va Key c6 tac dung tinh toan ra phan
phdi score cho céc cap tir. Ma tran Value s& dua trén phan phéi score dé tinh ra
véc to phan phdi Xac suat output. Nhu vay mdi mot tir s& duoc gan bai 3 vector

query, key va value la cac dong cua Q, K, V.

school

Hinh 2.5: Cac tir input tuong Gng véi vector key, query va value.
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Dé tinh ra score cho mdi cip tir (w_i,w j), dot-product giira query véi
key s& duoc tinh toan , phép tinh ndy nham tim ra méi lién hé trong s6 ctia Cac
cdp tir. Tuy nhién diém sb sau cung 1a diém s chua dugc chuan hoa. Do d6
chuan hoa bang mot ham softmax dé dua vé mot phan phdi xac xuat ma do 16n
s& dai dién cho muc d¢ attention cia tir query t6i tir key. Trong s6 cang 1on
cang chung to tir w; tra vé mot su cha y 16n hon ddi voi tir w;. Sau d6 nhan
ham softmax véi cac vector gia tri ciia tir hay con goi 1a value vector dé tim ra

vector dai dién (attention vetor) sau khi da hoc trén toan bo cau input.

Query * KeyT Score Softmax Value Softmax * Value Y Softmax * Value

] (Attention layer output)
11 =m - ® =130 0.92 | mo
study
| ]

1*study mm ~ ] = 50 0.05

‘at mm . 20 0.02 =
school
1*school mm * g = 10 0.01 =}

Hinh 2.6: Qua trinh tinh toan trong so attention va attention vector cho tir I

trong cau I study at school.

Hoan toan tuong tu khi di chuyén sang céc tir khac trong cau ta ciing
thu duoc két qua tinh todn nhu minh hoa.

Query * KeyT Score Softmax  Value  Softmax*Value Y Softmax* Value

— » =130 : llm - (Attention layer output)
1*study mm« ] = 50 )
1rat mm« =20

at
| ]

school
1*school ml * g = 10 ]

study  stuey'r mas =30
study * study HM « g =110

study *at N « = =20

study *school WM * g = 70

at att maef] = 30
at * study * ! = 50
at*at .: 920

at * school *g= 40
school school*! mm + ¥ = 30
school * study WE * l = 80

school *at WE * g =23

school * school HE * g = 160

Hinh 2.7: Két qua tinh attention vector cho toan b cac tir trong cau.
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Pau vao dé tinh attention s& bao gém ma tran Q (mdi dong ctia no 1a
mot vector query dai dién cho céc tir input), ma tran K (twong ty nhu ma tran
Q, mdi dong 1a vector key dai dién cho céc tir input). Hai ma tran Q, K duoc
str dung dé tinh attention ma céc tir trong cau tra vé cho 1 tir cu thé trong cau.
attention vector s& duoc tinh dya trén trung binh c6 trong sé cua cac vector
value trong ma tran V véi trong sd attention (dugc tinh tir Q, K).

Trong thuc hanh ta tinh todn ham attention trén toan b tap cac cau truy
van mot cach dong thoi dugce dong goi thong qua ma tran Q. Keys va Values
cling dugc dong gobi cung nhau thong qua ma tran K va V. Phuong trinh

Attention nhu sau:

Attention(Q, K, V) = softmax(QKT WV (2.1)

Jd

Viéc chia cho dj, 13 s6 dimension cta vector key nham muc dich tranh
tran ludng néu s6 mii 1a qua 16n.

Nhu vay, sau qua trinh Self-Attention, ta s€ thu dugc 1 ma tran attention.
Céc tham s6 ma model can tinh chinh chinh 13 cic ma tran Wy, Wi, W Mobi
qué trinh nhu vdy dugc goi la 1 head cua attention. Khi 1ap lai qué trinh nay
nhiéu 1an (trong bai bao [25] 1a 3 heads) ta s& thu duoc qua trinh Multi-head
Attention nhu hinh 2.13.

Output
r'm
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Hinh 2.8: So dd ciu trac Multi-head Attention.
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Sau khi thu duoc 3 matrix attention ¢ dau ra ta s& concatenate cac
matrix ndy theo cac cot dé thu dugc ma tran tdng hop multi-head c6 chiéu cao
tring vai chiéu cao caa ma tran input.

MultiHead(Q, K, V) = concatenate(head,, head,,...,head, )W,  (2.2)

- Feed-Forward Networks

Ngoai cac l6p Multi-head Attention, mdi khdi trong mé hinh BERT déu
chtra mot mang két néi day du truyén thang, duoc ap dung cho mdi 1 cap vi
tri mot cach riéng biét va d¢ong nhat. Kién tric mang bao gém 2 phép bién doi
tuyén tinh va 1 ham kich hoat GeLU [28] & giita. COng thirc cia mang nay
nhu sau:

FEN(X) = max(0, XW, +b, )W, +Db, (2.3)
- Layer Normalization va Residual Connections:

BERT sir dung residual connections [29] quanh mdi 2 I6p con (multi-
head attention va feed forward neural network), sau do 1a 1op layer
normalization [30]. Pau ra cia mdi khéi tuan theo cong thic:

LayerNorm(x + Sublayer(x)) (2.4).

Trong d6 Sublayer(x) la chirc nang duoc trién khai boi 16p con.

Pé tao diéu kién cho residual connections, mdi l16p con trong khéi ciing
nhu cac embedding layer déu c6 kich thudc dau ra d,,,4e; €0 dinh, vé BERT,
ta c6 2 kich thuéc dau ra cé dinh theo cac phién ban BERT} 4, V& BERT 4 4e
lan luot 12 d,,pge; = 768 VA dpypge; = 1024.

2.1.3. Ung dung ciia BERT trong nhan dién chir viét tay

BERT khong truc tiép nhén dién chir viét tay ma ho tro sira 16i dau ra tir
OCR bang cach:
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- Phat hién va sira 16i chinh ta: Khi OCR nhén dién sai ky tu, BERT c6 thé
du doan tir ding dua trén ngir canh.

- Cai thién phan loai van ban: Néu can phan loai ndi dung sau khi nhéan
dién, BERT c6 thé giup ting d6 chinh x4c.

- Trong HWR (Hand Writting Recognition), BERT c6 thé xir 1y chudi ky
tur so bo tir hinh anh, stra 16i ngir nghia dya trén ngit canh. Vi du, voi cau viét
tay “To61 hoc sinh vién,” BERT co6 thé du doan ding thanh “T61 1a sinh vién”
thay vi giir nguyén 16i. Kha niang nay dic biét hiru ich véi chir viét tay tiéng
Viét, noi dau thanh thuong bi nham (hoa/hoe, nha/nha). Pay 1a 1y do BERT
duoc chon lam nén tang trong nghién clru nay, voi ky vong cai thién do chinh
X4c s0 vOi cac md hinh thuan tiy dua trén hinh anh.

Nghién ctru vé HWR di phat trién qua nhiéu giai doan. Phuong phap c6
dién dya trén OCR (Tesseract, ABBYY FineReader) chi hiéu qua véi chit in,
v6i CER trén chir viét tay thuong vuot qua 20%. Puigcerver (2017) [31] dé xuét
mo hinh CNN+RNN+CTC, dat CER 6.8% trén tap IAM (66.000 dong chir viét
tay tiéng Anh). Gan day, Transformer thuan (nhu TrOCR cta Li va cong su,
2021) [21] cai thién CER xubng 5.2% nho kha ning xtr Iy song song.

Ung dung BERT trong nhan dién vin ban ciing dugc ghi nhan. Adnan va
cong su (2020) [32] tich hop BERT vao OCR tiéng Anh, giam WER tir 12%
xudng 8% trén van ban in bi nhiu. V&i chit viét tay, Zhang va cong sy (2022)
[33] két hop CNN+BERT trén tap dit liéu tiéng Trung (CASIA-HWDB), dat
CER 7.5%, cai thién 1.5% so v&i CRNN.
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2.2. PHAN TICH G101 HAN VA KHOANG TRONG CAN TOI UU
CUA BERT

2.2.1. Ngir canh dic thi caa dir liéu dau vao trong bai toan HWR

Khac voi céac tdc vu NLP ( X1 Iy ngdn nglr ty nhién) thong thuong noi
dau vao 1a vin ban sach va chuan, trong bai toan nhan dién chir viét tay, dau
vao ctia moO hinh ngdn ngitr la két qua tir h¢ théng nhan dang ky tu, von
thuong xuyén mac 16i. Nhimng 16i pho bién bao gom:

Nham 13n ky ty twong dong (nhu “1” va “1”, “O” va “0”, “rn” va “m”)

Thiéu dau (trong tiéng Viét)

Bo st hodc thém ky tu khong can thiét
Piéu nay khién cho ngit canh ma BERT tiép nhan tré nén nhiéu va khong rd
rang, tir d6 lam giam hiéu qua cta viéc hiéu ngir nghia hai chiéu — mot trong
nhitng thé manh 16n nhat cia BERT.

2.2.2. Hiéu suat mé hinh va chi phi tinh toan

- Kich thudc mé hinh 16n: BERT-base c¢6 ~110 triéu tham s6, dan dén thoi
gian suy luan 1au va yéu cau phan cting cao gay ra bat loi néu muén tng dung
mo hinh trong moi trudng that, nhu thiét bi nhiing hodc tmg dung mobile.

- Thoi gian fine-tuning lau: Viéc tinh chinh mo6 hinh BERT trén di li¢u
yéu cau nhiéu tai nguyén tinh toan va thoi gian huan luyén dai, trong khi hi¢u
qué cai thién d6i khi khong twong xtmg néu khong cé chién lugc fine-tune hi¢u
qua.

2.3. CAC KY THUAT TOI UU HOA MO HINH
2.3.1. Fine-tuning BERT

Pé mé hinh BERT c6 thé hoat dong hiéu qua trong viéc stra 18i chinh ta

do nhan dang quang hoc (OCR) gy ra, can tién hanh qu4 trinh fine-tuning —
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tic 14 diéu chinh mo hinh theo bai toan cu thé. Qua trinh ndy gdm cac budc
chinh nhu sau:

- Thu thap dir liéu: Trudc tién, sur dung ba m6é hinh OCR phé bién Ia
VietOCR, Pytesseract va EasyOCR dé tao dit liéu dau vao co 16i tir cling
mot tdp van ban gde. Sau do, so sanh két qua nhan dang véi vin ban gdc
dé danh gia ty 1 16i (CER/WER) ciia tirmg mo hinh.

- Lua chon baseline OCR: Dua trén két qua so sanh, mod hinh nao cho théy
hiéu sut cao hon hai mé hinh con lai va dugc chon lam cong cu tao dir
liéu 16i cho qua trinh huan luyén. Tap dit lidu cubi cing bao gdm hon
7000 cip cau, mdi cdp gdbm vin ban 18i (OCR output) va vin ban dung
tuong Ung (ground truth).

- Huén luyén mo6 hinh: M6 hinh BERT sau d6 duoc fine-tune trén tap dir
liéu nay dé hoc céach sira cac 16i pho bién do OCR giy ra nhu thiéu dau,
nham ky tu, tach/ghép tir sai, v.v.

2.3.2. Stit dung m6 hinh nhe hon

Do md hinh BERT gbc ¢6 kich thudc 16n va tiéu tén tai nguyén, viéc
trién khai trén cac thiét bi han ché hodc yéu cau thoi gian phan hdi nhanh 13
mot thach thire. Vi vay, ¢6 thé st dung cac phién ban BERT di duoc rat gon
nhung van giit hiéu qua cao:

- DistilBERT: La mot phién ban nhé gon hon cia BERT gdc, chi ¢6 khoang
60% s6 tham s6 nhung van giit t6i 95% do6 chinh xac, giup giam déng ké
chi phi tinh toan.

2.4. KET LUAN CHUONG 2

Chuong nay di trinh bay nhiing kién thtrc nén tang quan trong lién quan
dén bai toan nhan dién chir viét tay va cach tmg dung md hinh BERT dé ci

thién hiéu suit. Cac noi dung chinh bao gém:
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Nhan dién chir viét tay: So sanh phwong phéap truyén thong va Deep
Learning.

M6 hinh BERT: Kién trac, co ché hoat dong va tng dung trong stra 16i
OCR.

Céc k¥ thuat t6i wu hoa mo hinh dé ting tdc va giam tai nguyén tinh toan.
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CHUONG 3: TRIEN KHAI THUC NGHIEM
3.1. DU LIEU THUC NGHIEM

Bo dit liéu duoc sir dung trong dé an bao gdm 7282 cip anh va vin ban
tiéng Viét tuong tmg, duoc thu thip tir cac ngudn cong khai. Mdi cip dit lidu
gom:

- Anh: Chua cac dong chit viét tay dugc thu thap trén internet.
- Vin ban gc (ground truth): duoc trich xut tir ndi dung sach hodc tai
ligu tuong tng.

Dir lidu dugc phan chia véi ciu trac 80% dugc sir dung dé huin luyén va
diéu chinh mé hinh; 20% con lai dugc giir nguyén dé danh gia hiéu suét ca
phuong phap dé xuét.

M&i anh va vin ban tuong tmg duogc kiém tra tha cong dé dam bao do
khép chinh xac, dong thoi chudn héa ma héa Unicode va loai bo cac ky tu
khong mong muén.

3.2. CAC CHI SO PANH GIA

Pé danh gia chat lugng ctia vin ban duoc trich xuat tir anh thong qua
hé théng OCR, dé an st dung hai chi s phd bién trong linh virc nhan dang
van ban: Character Error Rate (CER) va Word Error Rate (WER). Ngoai ra,
dé an ciing ghi nhan thoi gian xir Iy trung binh cho mdt mau nham danh gia
hiéu suét cua hé théng.

- Character Error Rate (CER)

Chi s6 CER do luong ty 1€ sai I¢ch gitra chudi ky tu duoc du dodn va

chudi ky tu gbc (ground truth), sir dung khoang cach chinh sira (edit distance).

S+D+1
CER = T (3.1)
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Trong do:
+ S: 86 ky tu bi thay thé (substitutions)
+ D: Sb ky tu bi x6a (deletions)
+ I S6 ky tu bi chén (insertions)
+ N: Tong s ky tu trong van ban géc.

Gia tri CER cang thap thi mo hinh cang chinh xac ¢ cap do ky tu, dic
biét quan trong trong cac tmg dung yéu cau do chinh xac cao nhu nhan dang
tén riéng, so liéu hoic tiéng viét tay.

- Word Error Rate (WER):

WER do luong ty 18 sai 1éch & cAp do tir gitra vin ban d4u ra va vin ban

WER:S+5+I 2
Trong do:
+ S, D, I: Lan luot 1a s6 tix bi thay thé, x6a va chén thém.
+ N: Tong sd tir trong vin ban gbc
WER danh gia kha ning ctia hé théng trong viéc duy tri cdu trac ngir
nghia ctia van ban va thuong dugc sir dung trong cac bai toan nhan dang ngén
ngir tu nhién.
Bén canh do chinh x4c, hiéu sudt xir 1y iéu suat xur 1y ciing 1a mot yéu
t6 quan trong. Dé an tién hanh do thoi gian trung binh dé hé thong xur Iy mot

mau anh, bao géom cac budc tién xur 1y, nhan dang van ban va hau xu ly.
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3.3. THUC NGHIEM TANG CUONG HIEU SUAT BAI TOAN OCR
BANG MO HINH BERT

3.3.1. Lwa chon baseline va tao lap dir liéu huan luyén:

Pbi voi tac vu sira 16i chinh ta sau khi nhan dang chir viét tay
(Handwritten Text Recognition - HTR), chiing ta thudng c6 mot chudi vin ban
dau vao bi 161 va muc tiéu 1a thay thé cac 16i d6 bang tir ding ma van gitr duoc
ngir canh cua cau.

Ly do BERT phu hop véi tac vu stra 18i chinh ta sau khi nhan dang chir
viét tay:

e Hiéu ngit canh hai chiéu: Khi mot tir bi nhan dang sai, dé sira 16i chinh
ta, md hinh can biét ca nhiing tir ding trude va dimg sau tir d6. Vi du,
néu HTR tra vé "T6i di hoc" thay vi "T6i di cho", BERT c6 thé dwa vao
tir "di" va cac tir khac trong cau dé dua ra du doan chinh xac hon vé tir
"cho" hodc "hoc". Kha nang nay cua BERT, thong qua MLM, cho phép
n6 "dién vao chd trong" nhimg tir bi 16i mot cach hiéu qua.

e Phat hién va stra 16i: BERT dugc tinh chinh (fine-tuned) dé xac dinh vi
tri 161 va dé xuat cac tir thay thé phu hop dua trén ngit canh toan cuc cta
cau. N6 khong chi don thuan 1a sinh ra mot chudi mdi ma 1a sira chira
mdt chudi hién co.

e T4i vu héa cho tac vu hiéu: Stra 18i chinh ta vé ban chit 1a mot tac vu
hiéu ngdn ngir sau sic, noi mo hinh can phan tich cau triic va y nghia cta
cdu dé x4c dinh 16i.

Han ché ctia GPT cho tac vu stra 13i chinh ta:

e Thién vé sinh van ban: GPT ¢6 xu huong tao ra mot chudi vin ban méi
hoan toan tir mot dau vao, thay vi stra chita tung phr:in cua chudi hién co.

Neéu dung GPT, ban ¢6 thé phai cap toan bd cau bi 161 va yé€u cau no6 tao
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ra mot phién ban ding, diéu nay c6 thé dan dén viéc thay doi ca nhiing

phan khong 18i hodc sinh ra van ban khac véi ¥ dinh ban dau.

e Han ché ngit canh mot chiéu: Vi GPT chi nhin vao ngit canh bén trai, nd
c6 thé gip kho khin trong viée stra 16i néu thong tin quan trong dé stra
16i ndm & phia bén phai cta tir b 16i. Vi du, néu tr cudi cung cua cau bi
16i, GPT s& khong c6 ngit canh sau d6 dé tham chiéu.

e Kha ning giy "4o giac" (hallucination): GPT c6 thé tao ra cac tir hodc
cum tir khong c6 trong ban gbc, hodc thay doi ¥ nghia ctia cau khi cb
gang sira 101, do ban chat sinh vin ban cta no.

Pé cai thién hiéu suit nhan dang van ban trong bai toan OCR, dé an dé
xuat tich hop mé hinh ngon ngit BERT vdi vai tro sira 18i sau OCR. M6 hinh
BERT s& dugc huan luyén dé phuc hoi cac tir sai trong két qua nhan dang, tir
d6 gitip giam cac chi sb sai s6 nhu WER va CER.

Qua trinh thyc nghiém bao gom hai giai doan chinh:

3.3.1.1. Lwa chon m6 hinh OCR baseline
Trudc tién, dé an tién hanh danh gid ba mo hinh OCR pho bién va c6 do
chinh x4c cao hién nay, bao gom:

- VietOCR: Thu vién OCR mé ngudén mé hd trg dic biét cho ngdn ngi
Tiéng Viét, sir dung két hop mo hinh CNN VGG19 va cung cap cho ta 2
lwa chon két hop cac mé hinh ngon ngir 1a Transformer va Sequence to
Sequence.

- EasyOCR: Thu vién OCR ma ngudn mé hd trg nhiéu ngén ngit, sir dung
két hgp CNN va LSTM.

- Tesseract OCR: Cong cu OCR truyén thong cia Google, c6 kha ning tiy

chinh linh hoat va hd trg nhiéu dinh dang anh.



43

Baseline dugc chon cling sé dugc huan luyén vai tac vu OCR dé nham

tang hi¢u suat trén tdc vu downstream.

3.3.1.2. Tao lap dir ligu:

Sau khi lya chon duge baseline OCR, két qua dau ra ctia md hinh nay sé

dugc so sanh v6i van ban gbe dé xac dinh cac tir bi nhan dang sai. Qué trinh

tao dit liéu huin luyén cho BERT bao gém cac budc:

So sanh van ban du doan va van ban géc dé xac dinh vi tri cac tir bi sai.
Thay thé cac tr bi sai bﬁng token dic biét [MASK] trong chudi dau vao.
Pit tir ding tir vin ban gdc 1am nhin dau ra cho vj tri trong tng.

Bang cach nay, dit liéu huan luyén cho mé hinh BERT sé& dong vai tro

nhu mot bai toan dién tir bi che (Masked Language Modeling), nhung tap

trung vao céc vi tri sai 1éch trong két qua OCR.

3.3.2. Phuong phap dé xuit

Dé an d trién khai va cai dit cac thuat toan bao gém:

Pé an su dung mét trong ba thuat toan OCR (Tesseract, EasyOCR,
TrOCRy e ) duoc lwa chon trén chi s6 WER/CER dé nhan dién vin ban
ttr hinh anh chit viét tay hoac chir in. Baseline dugc chon sé duogc finetune
trén dit li¢u thu thap duoc nham dat duoc accuracy du tdt dé sb tir dua
vao huan luyén mo6 hinh BERT la du dé khong danh mét y nghia cia ca
cau. Cac van ban trich xuat dugc s& chira mot s6 16i nhan dang do céc
yéu t6 nhu d6 rd nét cua chix viét, font chir phtrc tap hoac sy mo nhoe
cua hinh anh.

Sau khi c6 vin ban dau ra tir OCR,dé an ap dung cdc mo hinh BERT
(BERTpase, BERT e, DistilBERT) d€ sira 16i chinh ta va ngit phap. Céc
mo hinh BERT s€ hoc ngit canh trong vin ban va stra cic tur sai hoac

khéng hop 1y, tir d6 cai thién chét luong cua van ban nhan dang.
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- Cubi cung, dé an st dung cac chi sé nhu Word Error Rate (WER),
Character Error Rate (CER) va thoi gian xur 1y trung binh cia 1 mau dé
danh gia hiéu suit cua phuong phap dé xuat. T6i so sanh cac két qua
nhan dang vin ban tir cac thuat toan OCR va hiéu qua stra 16i tir cac md
hinh BERT dé chon ra phuong phap tdi wu.

Phuong phap dé xuit trong dé an nay két hop cac thuat toan OCR manh
mé va cac mo hinh BERT dé nang cao hiéu qua trong bai toan nhan dang vin
ban, dic biét 1a ddi v6i vian ban viét tay. Viéc sur dung nhiéu thuat toan OCR
cho phép chon ra mot baseline toi uu, va viéc 4p dung BERT gitip cai thién chat
luong cua vin ban dau ra, tir d6 giam thiéu 15i trong qua trinh nhan dién.
Phuong phép nay c6 thé dugc ap dung trong cac hé thong OCR nang cao, dic
biét 1a trong cac bai toan yéu cau do chinh xac cao va tinh linh hoat trong nhan

dang van ban.

Van ban || OCR base line BERT phat S
nhan dang hian 13i BERT sira l6i

Khéng co 16i

Van ban
dau ra da
stra loi

4

Hinh 3.1: Tong quan kién tric ctia phuong phap dé xuat
3.3.3. Méi truong thuc nghiém

Céc thi nghiém trong dé tai dugc trién khai hoan toan trén nén tang Kaggle

Notebooks, mot mdi trudng 1ap trinh truc tuyén phd bién hd tro xur Iy dir liéu
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16n va huan luyén mé hinh hoc sdu vdi GPU mién phi. Cy thé, mdi trudng phan
ctng st dung trong toan bd qua trinh thuc nghiém bao gém:

GPU: NVIDIA Tesla P100 vo1 16GB b nhé VRAM

CPU: 2 vCPU Intel Xeon

RAM: 13 GB

Luu trit: 20 GB bo nhé tam thoi (ephemeral storage)

Trong qué trinh thyc nghiém, dir liéu duoc t6 chire va xtr Iy thong qua quy
trinh ban tu dong: anh tur bd dir li¢u duoc trich Xuét béng cac mo hinh OCR
khac nhau (baseline), sau d6 két qua duoc so sanh vai van ban goc dé tao ra tap
dit liéu huin luyén cho mé hinh BERT (mo6 hinh hau xtr 1y stra 161). Moi budc
tir sinh dir liéu, huan luyén dén danh gia déu dugc to chuc trong cing mot
notebook trén Kaggle nham dam bao tinh nhat quan va kha nang tai hién két
qua.

Thong qua nén tang ndy, qua trinh thuc nghiém co thé linh hoat, thuan
tién trong viéc kiém tra cac ciu hinh mé hinh khac nhau, luu trix log két qua,
va dé dang chia sé hoic tai hién két qua nghién ctru trong cong dong hoc
thuat.

3.3.4. Két qua thuc nghiém

Pé lya chon duge mo hinh OCR co s& (baseline) phu hop, tién hanh
danh gia ba mo hinh baseline di dé xuat trén tap dit liéu thu thap duoc. Pong
thoi, qua trinh khoi tao dit liéu cling duge thuc hién song song. Két qua danh

gia dugc trinh bay trong Bang 3.1 nhu sau:

Bang 3.1: Két qua danh gia cac baseline trén dit liéu

Baseline Character Error | Word Error Thoi gian
Rate (%0) Rate (%) inference
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VietOCR (vgg- 0.2805 0.6158 0.0500
transformer)

VetOCR (vgg- 0.4225 0.7744 0.01268
seq2seq)

Tesseract OCR 0.7268 0.9825 0.0912
EasyOCR 0.9397 0.9990 0.0969

Qua bang két qua, c6 thé nhan thdy hai phién ban cua framework
VietOCR cho hiéu suét tot hon dang ké so v6i cac md hinh con lai khi dat mirc
16i ky tu (CER) va 13i tir (WER) thap nhét. Do d6, hai mé hinh nay dugc chon
lam baseline dé tiép tuc thyc hién bude trich xuat thong tin.

Tiép theo, ca hai mo hinh VietOCR sé dugc fine-tune trén toan b tap dir
liéu d4 thu thap trong 5000 epochs, voi kich thudc batch 1a 32. Qua trinh huan
luyén st dung thuat toan t6i vu AdamW két hop cung chién luogc diéu chinh
learning rate ReduceLROnPlateau, voi ngudng thay doi (delta) 1a 0.00001 va
s6 luong epoch chd (patience) 1a 100. Learning rate ban dau duoc thiét 1ap ¢
muc 0.0005.

Muc tiéu chinh cta qua trinh fine-tune 1a giam chi s6 WER va CER
xuéng mot ngudng nhét dinh, sao cho s6 luong token bi du doan sai khong
lam anh huéng nghiém trong dén ngit nghia va tinh toan ven ngir canh cta

van ban duoc trich xuat.
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Predicted text: B&i va hai bd con khéng trd hanh cdng kinh " dao truting " dép nuc,

nhung luc trinh trong
Grouth truth: B&i va hai bd con khong thé thanh cong trén " chién trudng " dép nlc,

nhung lai thanh cong

Hinh 3.2: 1 mau dit liéu ciia sau khi chay baseline bao gdm anh, ground truth

va predicted text cuia mo hinh
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Training vs Validation Loss Validation Accuracy (Per Character)

14 = Train Loss = Per Char Accuracy
— Valid Loss
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Hinh 3.3: Thong s6 mo hinh vgg-seq2seq
a) Loss trén tap train, valid qua tung epoch (bén trai)

b) Accuracy trén ky tu (bén phai)

Sau khi lya chon hai mé hinh VietOCR ( VGG-Transformer va VGG-
Seq2Seq) lam baseline dya trén két qua danh gia WER va CER nhu trinh bay
& Bang 3.1, qua trinh fine-tune duoc tién hanh nham giam thiéu sb luong 16i ky
tu va tir xuébng mot ngudng chap nhan duoc. Muc tiéu chinh cta viéc huan
luyén lai 1a dam bao rang cac token bi sai sot trong qua trinh trich xuat khong
lam anh huong dang ké dén ngit nghia va tinh toan ven ngit canh ctia van ban
dau ra.

Qua trinh fine-tune duoc thuc hién trén tap dir liéu thu thap dugc védi 5000

epochs, batch size 13 32, str dung thuét toan t6i vu AdamW cung chién luoc
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diéu chinh learning rate 1a ReduceLROnPlateau. Tham sé delta dugc thiét 1ap
12 0.00001 va sb epoch cho (patience) 1a 100. Learning rate khdi tao ban dau o
murc 0.0005 dé hd tro qua trinh hoéi tu on dinh.

Két qua huan luyén ciia md hinh VGG-Seq2Seq duogc thé hién trong
Hinh 3.3, bao gém hai biéu d thé hién dién bién cua loss va do chinh x4c trén
ting ky tu qua cac epoch. Biéu d6 bén trai cho thiy su thay d6i cua train loss
va validation loss. Ban dau, ca hai dai lugng nay déu cao nhung nhanh chong
giam manh trong khoang 1000 epoch déu tién, sau dé tiép tuc giam cham hon
va dan 6n dinh quanh gia tr1 0.75-0.8. Su chénh 1€ch khong 16n gitra train loss
va validation loss cho thdy mé hinh khéng bi overfitting nghiém trong va dang
hoc tdt trén dit liéu huan luyén.

Biéu dd bén phai thé hién do chinh xac trén timg ky tu (per character
accuracy) trong qua trinh huan luyén. D9 chinh xac bat dau tir mirc rat thip
(40.93%), sau d6 tang nhanh tir khoang epoch thir 500 dén 1500 va dat dinh tai
mirc 71.83%, sau d6 duy tri on dinh quanh gia tri nay. Piéu nay phan anh kha
nang hoc va khoi phuc ky tu ngay cang hiéu qua cia mo hinh trong sudt qua
trinh huan luyén.

Nhu vay, két qua nay dap Gmg muc tiéu dé ra trong qua trinh fine-tune Ia
giam xudng murc chap nhan dugc sd lugng 15i trong qua trinh OCR, dam bao
rang cac token bi 15i khong 1am sai 1éch nhiéu t6i ngir nghia tong thé cta vin
ban. Du con s6 71.83% vé do chinh xac timg ky tu van con tiém an mot ty 1é
16i nhat dinh, nhung né cho thay budc dau mé hinh di cai thién dang ké so véi
giai doan baseline, dic biét 1a d6i voi cac truong hop khé nhu font chir khong

chuan, nhi€u anh hodc bo cuc phtrc tap.
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Training vs Validation Loss Validation Accuracy (Per Character)

= Train Loss = Per Char Accuracy
— Valid Loss
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Hinh 3.4: Thong s6 mé hinh vgg-transformer
a) Loss trén tap train, valid qua tung epoch (bén trai)

b) Accuracy trén ky tu (bén phai)

Hinh 3.4 thé hién dién bién cua loss va d chinh x4c trong qua trinh huan
luyén mé hinh VGG-Transformer. Biéu do bén trai minh hoa sy thay di cua
train loss va validation loss qua tirng epoch. Ban dau, ca hai gia tri déu ¢ murc
cao, nhung sau d6 nhanh chéng giam manh trong khoang 1000 epoch dau tién,
cho thdy mo hinh dang hoc tot tir dit liéu hudn luyén. DPén khoang epoch thir
2000, train loss va validation loss dan 6n dinh quanh mutrc 0.75-0.8. Sy chénh
léch nho gilta hai chi s6 nay cho thdy mé hinh khong gip van dé 16n vé

overfitting va c6 kha ning tong quat tbt trén tap dir liéu kiém thr.
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Biéu dd bén phai thé hién do chinh xac trén timg ky tu (per character
accuracy) ciia mo hinh trén tap valid. Ban dau, d6 chinh xac nay kha thap
(38.51%), nhung bat dau ting nhanh tir khoang epoch thir 500 va dat dinh tai
murc 67.06% vao khoang epoch thir 4800. Sau d6, d6 chinh xac duy tri 6n dinh
ma khong co su bién dong déng ké, diéu nay cho thdy mo hinh da hoi tu va
khéng con cai thién thém néu tiép tuc huan luyén thém nhiéu epoch hon.

So v&i mo hinh VGG-Seq2Seq dugc trinh bay trude d6, mo hinh VGG-
Transformer thé hién hanh vi twong tu vé mit dién bién loss va d6 chinh xac.
Ca hai mé hinh déu dat duoc ngudng per char accuracy toi da tuong doi tét,
cho thay hiéu sut trich xuat ky tu tir hinh anh twong duong nhau trén tap di
liéu hién tai. Tuy nhién, can luu ¥ rang mdi kién trac c¢6 nhitng wu diém riéng
vé tdc do hoi tu, kha nang xu 1y nglt canh dai hoac ngén han, va muc dg phtic
tap tinh toan.

Két qua thu dugc tir ca hai mo hinh VGG-Seq2Seq va VGG-Transformer
d3 phan nao dap Gmg muc tiéu dé ra ban dau 13 giam 156i xudng mirc chip nhan
duoc, giup dam bao rang cac token bi dy doan sai khong 1am méo mé thong tin
ngir nghia quan trong trong vin ban dau ra. Du van ton tai mot ty 1& 151 nhat
dinh, nhung viéc cai thién so vo1 baseline cho théy hi¢u qua cua qua trinh fine-
tune va lua chon kién trac phu hop véi dic diém dir liéu dau vao. Nhitng két
qua ndy s& 1a co s& dé danh gia sau hon vé hiéu suat cudi ciing ciia mod hinh
cling nhu dua ra hudng phat trién trong cac budc tiép theo ciia nghién ciu.

Sau khi hoan tat qua trinh fine-tuning trén hai mé hinh VietOCR la VGG-
Transformer va VGG-Seq2Seq, toi tién hanh danh gia hiéu suit ctia cac mo
hinh d4 duoc diéu chinh trong s6 trén tap dir liéu kiém thir. Bang 3.2 dudi day
thé hién su thay ddi rd rét vé cac chi sb 16i ky tu (CER — Character Error Rate)

va 16i tir (WER — Word Error Rate) trudc va sau khi fine-tune.
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Bang 3.2: Hiéu sudt cia mo hinh sau khi finetuning

M® hinh Pretrained Fintuned Pretrained Fintuned
CER CER WER WER

VietOCR (vgg-

transformer) 0.2805 0.0904 0.6158 0.2340

VietOCR (vgg-

seq2seq) 0.4225 0.0843 0.7744 0.2133

Tir bang két qua co6 thé nhan thdy rang ca hai mo hinh déu dat dugc su
cai thién dang ké vé mat hiéu suat sau khi duoc fine-tune. Cu thé, dbi vdi mo
hinh VietOCR (vgg-transformer), chi s6 CER giam tir 0.2805 xudng con 0.0904,
tirc 1a mac 16i ky tu da giam hon ba lan. Tuong tu, WER ciing giam tir 0.6158
xudng con 0.2340, cho thay kha nang khoi phuc tir ngit chinh xac hon rat nhiéu
so voi phién ban chua huan luyén lai. P6i voi mo hinh VietOCR (vgg-seq2seq),
dui c6 diém sé ban dau cao hon ca vé CER va WER, nhung sau khi fine-tune,
mo hinh nay khong chi thu hep khodng cdch ma con vugt qua mé hinh
transformer vé ca hai chi s6, véi CER dat mirc 0.0843 va WER & mirc 0.2133
— déu thap hon so voi mé hinh vgg-transformer.

Ngoai ra, dua vao thong tin thoi gian inference tir Bang 3.1, ta thiy rang
mo hinh seq2seq co thoi gian xir 1y trung binh mdi mau nhanh hon dang ké so
v6i mo hinh transformer (0.01268 gidy/mau so véi 0.0500 gidy/mau). Diéu nay
cho thdy mé hinh seq2seq khong chi cho hiéu suat tot hon vé mat do chinh xéac
ma con vuot trdi hon vé tée do xur 1y, mot yéu té quan trong trong cac ung dung
thuc té can xir 1y luong 16n vin ban trong thoi gian ngan.

Tir nhitng phan tich trén, mic du ca hai mé hinh déu cho két qua kha
quan sau khi fine-tune, nhung mé hinh VietOCR (vgg-seq2seq) thé hién uu thé
vuot troi hon vé ca do chinh xac 13n tée do suy dién. Do d6, dé dam bao chét

lwong dit liéu dau ra 6n dinh va hiéu qua cho giai doan tiép theo trong quy trinh
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xur ly, dac biét la budc tao dit liu detect dung cho task downstream, nhoém
nghién ctru quyét dinh chon VietOCR (vgg-transformer) lam baseline chinh
cho phan sinh dit liéu.

Viéc lya chon nay khong chi gitp t6i wu héa qua trinh trich xuét van ban
tir hinh anh ma con déng vai trd nén tang quan trong trong viéc xdy dung hé
théng tong thé véi do tin cdy cao, tir d6 hd tro tot hon cho cac budce tién xir 1y
va mo hinh phat hién 15i trong cac chuong trinh tiép theo ctia luan van.

Sau khi hoan thanh viéc fine-tune cac mo hinh VietOCR (vgg-seq2seq
va vgg-transformer) dé cai thién hiéu suat OCR, chiing t6i chuyén sang giai
doan tiép theo 1a huan luyén cdc moé hinh ngdn ngir 16n (pre-trained language
models) trén tdc vu Masked Language Modeling (MLM). Muc ti€u cua budc
nay la tan dung kha ning hiéu ngit nghia manh mé cua cac mo hinh ngon ngit
16n dé hd tro trong viéc phat hién va stra 161 vin ban sau khi trich xuét tir hinh
anh. Ba mo hinh dwoc lya chon dé thur nghiém lan luot 13 BERT) s, ,
BERT4y 4. Va DistilBERT

Loss over Epochs Word Error Rate (WER) over Epochs

Character Error Rate (CER) over Epochs Cambined Metrics (Normalized)

Hinh 3.5: Loss trén tap train va valid qua tirng epoch cuaa mo hinh BERT 4,4,
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Hinh 3.5 thé hién cac théng sb chinh ciia m6 hinh BERTj,rge multilingual
trong sudt qua trinh huan luyén. Biéu do dau tién cho thy dién bién cua train
loss va validation loss qua timg epoch. Train loss giam nhanh trong giai doan
dau (tir epoch 0 dén khoang 20), sau d6 tiép tuc giam cham va 6n dinh & muc
khoang 0.1-0.2. Validation loss cling c6 xu hudéng tuong tu nhung dao dong
nhiéu hon mot chit, song van duy tri & mic gan véi train loss, diéu nay cho
thay mo hinh khong bi overfitting nghiém trong va dang hoc tét trén dir liéu
kiém thir. Biéu dd thir hai va thi ba minh hoa su thay d6i cuia Word Error Rate
(WER) va Character Error Rate (CER) trén ca tap huan luyén va tap kiém thtr.
Ca hai chi s6 déu giam manh trong giai doan dau, cho thdy kha ning cai thién
dang ké trong viéc nhan dién tir va ky tu. WER cudi cung dat murc 0.034, trong
khi CER dat muc 0.0228, day la nhitng con s6 kha tich cuc, dic biét khi so sanh
v6i hiéu suat ban dau tir cac mo hinh OCR chua qua xir Iy hau ky. Biéu d6 cudi
cung thé hién céc chi sé chuan hoa (normalized) nhu loss, WER va CER, cho
thay sy dong bo trong qua trinh hoi tu ctia md hinh, voi hau hét cac dai luong
déu 6n dinh sau khoang 20-30 epoch.

Ttr cac biéu dd trong Hinh 3.5, ¢6 thé rat ra mot s6 nhan xét quan trong.
Thir nhat, mé hinh BERT base multilingual hoc rat nhanh trong giai doan dau,
thé hién qua tde do gidm manh cua cac chi s6 161 va mat mat. Thir hai, sy chénh
léch giita cac chi s trén tap huan luyén va tap kiém thir khong 16n, ching to
rang mo hinh c6 kha ning tong quat tot va it gip van dé vé overfitting. Tuy
nhién, sy dao dong nhe cua validation loss va cac chi s6 WER/CER & giai doan
cudi c6 thé phan anh tinh phtrc tap cua dir liéu hodc kich thuéce tap valid chua
da 16n dé danh gia chinh xac. Du vay, két qua thu dugc van cho thay rang mo
hinh da dat trang thai hdi tu 6n dinh va c6 tiém ning hod tro tot trong viéc sua

16i vin ban sau OCR.
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Hinh 3.6: Loss trén tap train va valid qua tirng epoch ctia mé hinh BERT), 4.

Hinh 3.6 thé hién dién bién cua céc chi so quan trong trong qua trinh
huan luyén mé hinh BERT,,,, multilingual trén tic vu Masked Language
Modeling (MLM). Biéu d6 dau tién cho thay su thay doi cua loss qua ting
epoch. Train loss giam nhanh trong giai doan dau, tir mirc cao ban dau (~1.0)
xubng con khoang 0.4 sau 20 epoch, sau do tiép tuc giam chdm va 6n dinh
quanh mirc 0.3-0.4. Validation loss cling ¢6 xu hudng tuong tu nhu train loss
nhung dao dong nhiéu hon mot chit, tuy nhién van duy tri & mtc gan véi train
loss, diéu nay cho thdy mé hinh khong bi overfitting nghiém trong va dang hoc
t6t trén tap dir liéu kiém thr.

Biéu d6 tht hai va th ba lan lugt minh hoa dién bién cia WER va CER
trén ca tap huan luyén 1an tap kiém thir. D6i véi WER, ca train WER va valid

WER déu giam manh trong giai doan dau, tir murc x4p xi 0.3 xuéng con khoang
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0.1-0.15, sau do6 duy tri 6n dinh ma khong c6 su bién dong 16n. Tuong tu, CER
cling thé hién xu hudng cai thién rd rét khi giam tir khoang 0.16 xudng thap
nhat 13 0.0329, cho thay kha ning nhan dién ky tu ngay cang chinh xac ctia mo
hinh. Nhimng két qua nay khang dinh rang viéc huan luyén MLM d3 gitp mo
hinh hiéu t6t hon vé ciu triic ngdn ngir, tir ¢ hd tro hidu qua trong viéc sira 16
van ban thu duoc tir budc OCR.

Biéu d6 cudi cung tong hop céac chi s6 dd chuan hoa (normalized), bao
gom train loss, validation loss, WER va CER, cho thay tat ca déu giam dong
bo trong giai doan dau va dat trang thai 6n dinh sau khoang 20-30 epoch. biéu
nay ching to rang mo hinh da hoi tu tot va khéng can thém nhiéu epoch dé cai
thién thém hiéu suat. Tir cac biéu d6 phan tich, 6 thé nhan thay rang mé hinh
BERT, s, multilingual hoc rat nhanh trong giai doan dau va duy tri hiéu suét
6n dinh trong subt qua trinh huan luyén. Su chénh 1éch nho gitra cac chi s trén
tap huan luyén va tap kiém thtr cho thdy mo hinh c6 kha ning tong quat hoa
cao va it gap van dé vé overfitting. Mac du vay, sy dao dong nhe cua validation
loss va cac chi s6 WER/CER ¢ giai doan cudi c¢6 thé phan anh tinh phirc tap
cua dir li¢u hoac kich thudce tap valid chua du 16n dé danh gia chinh xac hoan
toan.

Nhin chung, két qua thu duoc tir Hinh 3.5 cho thdy md hinh BERT, e
multilingual d dugc huan luyén thanh cong, véi cac chi s6 16i va mat mat déu
giam dang ké va dat mirc 6n dinh. Nhiing cai thién vé WER va CER 1a dau hiéu
tich cuc, chimg t6 rang mé hinh c6 tiém ning hd trg tét trong viéc phat hién va

stra 101 van ban sau khi trich xuat tir hinh anh.
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Bang 3.3: Bang so sanh hiéu sut cac mo6 hinh BERT

M® hinh Word Error Rate | Character Thoi gian
Error Rate inference trén 1
m?lu
BERT base 0.1376 0.0330 0.034
BERT large 0.0340 0.0228 0.076
Distill BERT 0.2015 0.0505 0.027

Bang 3.4: Bang danh gia hiéu suat ctia phuong phap dé xuat.

Mo hinh CER truéc | CERsau | WER WER sau | Thoi gian
két hop BERT BERT trudc BERT inference
voi BERT trung binh
VietOCR trén 1 mau
(OCR +
BERT)
BERT 0.0843 0.0330 0.2133 0.1376 0.04688
base
BERT 0.0228 0.0340 0.08868
large
Distill 0.0505 0.2015 0.03968
BERT

Tir cac két qua duoc trinh bay trong Bang 3.3 va Bang 3.4, c6 thé thay
10 su khac biét vé hiéu suit gitra ba mo6 hinh ngon nglt BERT base, BERT large
va Distill BERT khi dugc sir dung nhu cong cu hd tro sitra 16i sau qué trinh
OCR. Trong d6, BERT large cho két qua tot nhat vai chi s 16i tir (WER) va
16i ky tu (CER) déu thap nhat (twong tng 13 0.0228 va 0.0340), dong thoi giup
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giam dang ké 15i tir dau ra ctia md hinh VietOCR (vgg-seq2seq), mang lai hiéu
suat cudi cung rat 4n tuong. Tuy nhién, nhugce diém cua BERT large 13 thoi
gian inference cao hon dang ké so v6i hai mé hinh con lai (0.08868 gidy/mau),
khién n6 khong phu hop véi cac tng dung yéu cau xir Iy nhanh hoic tai nguyén
tinh toan han ché.

Nguoc lai, Distill BERT c6 téc do xi@r Iy nhanh nhét (chi 0.03968
gidy/mau), nhung lai cho hiéu suat kém nhat khi CER tang 1én dén 0.0505 va
WER sau khi xir Iy van ¢ mic kha cao (0.2015), diéu nay cho thiy mo hinh
khéng nhitng khong cai thién ma con 1am sai léch van ban goc do tao ra 15i
moi. Do d6, Distill BERT khéng dugc khuyén khich str dung néu d6 chinh xac
1a yéu t6 quan trong can dam bao.

Trong khi d6, BERT base 1a giai phap trung hoa hop 1y gitta hiéu suat va
tbc do: dat mirc CER va WER lan luot 14 0.0330 va 0.1376 — khong bang
BERT large nhung van tot hon Distill BERT dang ké — dong thoi c6 thoi gian
xtt 1y chi 0.04688 gidy/mau, nhanh hon BERT large gan gip hai lan. Pay 1a lva
chon phu hop cho cac ing dung thuce té, noi vira yéu cau chét lugng vin ban
dau ra On dinh, vira can dam bao hiéu suét xtr 1y trong thoi gian chép nhan duoc.

Viéc két hop mo6 hinh OCR manh mé& nhu VietOCR(vgg-seq2seq) vi
Mot mo hinh ngdén nglr phu hgp da ching minh tinh hi€u qua trong viéc giam
thiéu 16i va nang cao chét lwong van ban dau ra, gop phan quan trong vao quy
trinh xr Iy van ban hinh anh trong Dé an nay.

3.4. KET LUAN CHUONG 3

Trong chuong 3, hé théng nhan dién chit viét tay két hop gitta mo hinh
OCR va mo6 hinh ngén ngir BERT da duogc trién khai va danh gia thuc nghi¢m
trén tap dir liéu chit viét tay tiéng Viét. Qua qud trinh thir nghiém, két qua cho

thay mo hinh BERT c6 kha ning cai thién dang ké do chinh xéc ctia hé thong
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HTR tong thé, dic biét trong viéc sira 16i ky tu va ngit nghia so v6i chi dung
OCR thuén ty.

Viéc tinh chinh mé hinh BERT trén dit liéu dau ra cia OCR gitp md
hinh thich nghi tdt hon véi céc dang 16i dic thu trong nhan dién chit viét tay
tiéng Vi¢t. Bén canh do, viéc ap dung cac ky thuat tdi wu nhu su dung
DistilBERT di giup can bang giita d6 chinh x4c va tdc d6 xu 1y, phu hop véi
yéu cau thuc té.

Nhiing két qua dat duoc tir chuong nay da khang dinh hiéu qua cua viéc
tich hop md hinh ngon ngit BERT vao hé théng nhan dién chir viét tay, dong

thoi hoan thién muc tiéu nghién ctru da dit ra trong dé tai.
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KET LUAN VA HUONG PHAT TRIEN CUA PE TAI
KET LUAN

Pé an da xay dung thanh cong mot quy trinh xt Iy vin ban viét tay tiéng
Viét tir bude nhan dang ban dau dén budc hiu ky sir dung mé hinh ngon ngit.
M® hinh VietOCR (vgg-seq2seq) dugc chon lam nén tang OCR chinh nh¢ hiéu
sudt 6n dinh, dong thoi viéc két hop véi BERT base hoac BERT large da gitp
cai thién chat luong vin ban dau ra dang ké. Trong d6, néu uu tién do chinh
xac nén lya chon BERT large; néu can can bﬁng gifta tdc do va hiéu suét, thi
BERT base 1a giai phap toi uu. Viéc ap dung cac mo hinh hoc sau trong nghién
ctru nay khong chi dong gop vao linh vuee OCR tiéng Viét ma con mé ra huéng
phat trién cho cac hé thong s6 hoa tai liéu trong twong lai.
HUONG PHAT TRIEN

Trong qué trinh thuc hién nghién ctru, bén canh nhitng két qua tich cuc
dat dugc, van ton tai mot s6 han ché can duoc phan tich va dé xuat huong khéc
phuc nhim nang cao hiéu qua tmg dung cua hé théng OCR va mo hinh ngon
ngir hau ky trong thyc té. Mot trong nhitng diém yéu 16n nhat 1a néu vian ban
sau OCR c6 do dai qua ngan, thi ngay cé khi sir dung mo6 hinh ngon ngit manh
nhu BERT, viéc khoi phuc ngit nghia chinh x4c ciing tré nén rat kho khan do
thiéu boi canh. Nguoc lai, néu OCR nhén dang sai qua nhiéu, dic biét & nhirng
tr khoa quan trong hoac cum tir mang tinh ngir canh cao, thi mé6 hinh ngdn ngir
cling khong thé stra 161 mot cach chinh xac ma c6 thé dan dén sai 1éch thém.

Dé giai quyét van dé nay, trong tuong lai c6 thé mé rong hudng nghién
ctru theo hai khia canh chinh:

Thir nhat , can tién hanh fine-tuning cdc md hinh OCR va BERT trén dix
lidu cu thé theo timg moi trudng 1am viée trude khi dua vao sir dung . Viéc tiy
chinh (customization) nay s€ giip mo hinh hoc duoc céc dac trung riéng biét

vé font chit, kiéu viét tay, bd cuc tai liéu hay tham chi 13 tir vung chuyén nganh.
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Piéu nay khong chi gitip giam CER va WER dang ké ma con ting kha ning
phuc hoi ngit nghia trong diéu kién dit liéu dau vao bi nhiéu hodc khong hoan
chinh. Ngoai ra, viéc xay dung kho dit liéu huin luyén phong pht theo timg
linh vuc (vi du: gido duc, y té, hanh chinh...) s& gop phan tao ra cac giai phap
OCR chuyén biét, dap tmg tot hon nhu cau thuc té.

Thir hai , nghién ctru ¢6 thé dugc mo rong sang cac ngdn ngit khac , dic
biét 1a cac ngdn ngit co cu trac twong ddng véi tiéng Viét nhu tiéng Thai, tiéng
Lao hay tiéng Indonesia, dé kiém tra tinh tong quat cia phuong phap dé xuat.
Pong thoi, viéc thir nghiém trén cac ngdn ngit c6 ciu triic nglt Am va ngir nghia
khac biét nhu tiéng Trung, tiéng Han hay tiéng A Rép s& gitp danh gia kha
nang thich nghi ctia m6 hinh OCR va BERT da ngén ngir. Bay 1a budc di quan
trong nham phat trién cac hé théng nhan dang van ban da ngon ngir, phuc vu
cho cac tmg dung qudc té nhu xir 1y ho so di tra, dich thuat ty dong, hay hd tro
da ngdn ngit trong céac to chic xuyén qubc gia.

Mac du hé théng dé xuit da dat dugc hiéu suét 6n dinh trong vi¢c nhan
dang va sira 15i vin ban viét tay tiéng Viét, nhung dé nang cao tinh ing dung
va kha niang mé rong, can tiép tuc hoan thién mo hinh théng qua fine-tuning
theo ngit canh cu thé va md rong sang cac ngdn ngir khac. Nhing cai tién nay
khong chi gitp t6i wu héa quy trinh s hoa tai liéu ma con mé ra hudng phat

trién bén vitng cho cac hé théng OCR théng minh trong tuwong lai.
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