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TOM TAT— Hé thdng nhan dang ky tw quang hoc (OCR) gitip nhan dién cc ky tw nim trong tai liéu hinh anh. Tuy nhién,
hinh 4nh kém chat lwong va nhitng han ché cta k thuat phat hién va 1am sach 16i vian ban din dén c4c két qua van ban khong
chinh x4c. D& nang cao chit lwgng dau ra clia van ban, nghién ctru dé xudt mét cach tiép cAn méi vé phat hién va stra 16i OCR
bing cach str dung mé hinh hoc méy két hgp BERT pretrained béi google Al va mé hinh seq2seq, sau d6 str dung thuat todn
tinh khodng cach dé giai quyét cac van dé tdi wu héa. Théng qua viéc cai dat hiéu qua cac tham s6 thuit toan, mé hinh nay cé
thé dwoc thwce hién véi viéc tao tng vién chit lwgng cao va stra 16i. Va md hinh dwgc huin luyén trén tap dit liéu véi 1000
hinh dnh thu thip tir google, sau d6 ciing xy dung mot web dé thir nghiém. K&t qua thir nghiém cho thiy phwong phap dwoc
dé xuat vwot troi hon cic phwong phép truyén théng.

Tir khéa— Tesseract OCR, BERT, seq2seq, phat hién, sita 16i.
I. GIO'I THIEU

Véi thoi dai bung né céng nghé 4.0 nhw hién nay thi nhu ciu vé chuyén ddi cac tai liéu trén gidy truyén thong
sang céc tai liéu s8 tré nén vo cling lén. Va con ngwoi di va dang nd lwc d€ chuyén cic tai liéu trén gidy thanh
vin ban dién tir dé phuc vu cho viéc xtt ly van ban bing may tinh (vi du: tim kiém hodc tém tit), lwu trit, truy cap
dé dang hon. Qua trinh s6 héa tai liéu lién quan dén viéc quét hodc chup anh tai lidu tirng trang mot va chuyén
d6i méi trang thanh vin ban cé thé cho may tinh doc dwoc. Phwong phap chuyén déi ¢ thé dua vao nhiéu yéu t6
nhw phwong tién, vin ban in hoic viét tay, ngdbn ngit va nhiéu yéu t6 khac. Hién nay con nguoi ¢ thé s6 hoéa tai
liéu gidy thong qua cac phwong thirc nhw nhép van ban tha cong, st dung phin mém nhin dang ky tw quang hoc
(OCR) va phuwong phap ban ty dong.

Viéc nhap van ban thu céng 12 mot gidi phap dé dang nhung lai tén kha nhiéu chi phi va c6 thé gay ra cac van dé
vé bdo mét do 106 tai liéu v&i bén thir 3. Hon niva gia chung cta thi treong viéc thué danh may mét trang tai liéu
c6 gia khoang tir 10.000 ~ 20.000 VNbD.

Phan mém nhin dién ky tw quang hoc (OCR) 1a mot gidi phap tit yéu gidp cd nhan/ td chirc c6 thé tiét kiém chi
phi trong quéa trinh chuyén do6i tai liéu gidy sang tai liéu sd cling nhw bdo dam vé vin dé bao mit thong tin.
Phuwong phap nay cung cip ty 1é nhin dang t6t va da tré thanh mot trong nhitng cach phd bién nhit dé chuyén
d6i van ban so.

Mic du cac cong cu OCR dworc cai thién lién tuc vé két qua nhan dién vin ban va hoat dong tot trén van ban hién
dai, nhwng van thiéu dit liéu hudn luyén, chit lwong (vat Iy) cia tai liéu khong dap ¢ng dwoc dan dén két qua
OCR c6 thé xudt hién 16i sai va &nh hudng dén két qua dau ra. Theo nhiu nghién ctru vé viéc truy xuit thong tin
va xt ly ngén ngit tw nhién da cho thiy dnh hwdng tiéu cwc khi tai liéu dwgc s6 héa sau bwéc OCR bo 16 mot so
théng tin quan trong cé thé tra vé nhirng thong tin khong lién quan khi ngwdi dung truy van hodc tim kiém. Tuy
nhién, hién nay chwa c6 nhiéu nghién ctru vé stra 16i sai ctia qua trinh OCR.

Chinh tir nhitng 1y do trén, viéc xdy dwng mé hinh c6 thé phat hién va sira 16i OCR 12 v6 ciing cin thiét.
II. CAC CONG TRINH LIEN QUAN

A. KHAI NIEM NHAN DIEN KI TU” QUANG HOC (OCR)ERROR! REFERENCE SOURCE NOT FOUND.

OCR duoc viét tit bi cum tir Optical Character Recognition (dich 1a nhan dang ky tw quang hoc). OCR dwoc biét
dén 1a mot cong cu scan ki thuit s6 chuyén nhan dang cac ky tw, chit viét tay, hay chir ddnh may. Hay néi cach
khac day 1a &¢ng dung céng nghé st dung tri tué nhan tao chuyén dung dé doc text & file dnh. Va cdng nghé nay
chuyén dung dé truyén tai, nhap liéu dir liéu.

Theo AWS, nhin dang ky tw quang hoc (OCR) 14 qué trinh chuyén d6i mot hinh dnh van ban thanh dinh dang van
ban ma mdy cé thé doc dwgc. N6i tdm lai nhan dang ki tw quang hoc 1a mdt céng nghé c6 thé phat hién va nhan
dang céc ki tw trong cac birc &nh chuyén thanh van ban ma may tinh c6 thé xi Iy dwoc nhu file.txt, .docx, v.v... Vi
du nhu khi chiing ta quét mot biéu mAiu hodc bién lai, may tinh s& lwu ban quét d6 dwéi dang tép hinh anh. Chung
ta khong thé stt dung trinh soan thao vin ban dé chinh sira, tim ki€m hodc dém s6 tir trong tép hinh anh. Tuy
nhién, ta c6 thé st dung OCR d€ chuyén ddi hinh anh thanh tai liéu van ban, trong dé phan ndi dung sé dwoc lwu
trit dwéi dang dit liéu van ban. Tlr d6 chung ta c6 thé dé dang truy xudt théng tin, tim kiém, sita chira nhitng
thong tin da lwu. Ngoai ra trong linh vuc trinh sat mang BTL 86 thwdng xuyén phai thu thap dit liéu trén khong
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gian mang gdom nhiéu dang dit liéu khac nhau bao gébm anh, cong cu OCR c6 thé hé tro rit nhiéu trong viéc
chuyén ndi dung trong anh thanh vin ban dé tién tém tit va téng hop.

B. CACH HOAT PONG CUA PHAN MEM NHAN DIEN KY TU° QUANG HOC OCR ERROR! REFERENCE SOURCE NOT
FOUND.

a) Thu nhin hinh anh
Mot may quét sé doc tai liéu va chuyén d6i ching thanh dit liéu nhi phin. Phin mém OCR phén tich hinh dnh da
quét va phan loai viing sang 1am nén va vung tdi lam van ban.

b) Tién xw ly
Truéec tién, phan mém OCR sé& 1am sach hinh dnh va loai bé cac 16i @& chudn bi cho buéc doc. Sau day 1a mot sé ki
thuét lam sach ctia phin mém OCR:

Chinh thing hoic nghiéng nhe tai liéu di quét dé khic phuc 16i vé cin chinh trong qua trinh quét.
Khir nhiéu dém hoic loai bd moi d6m anh k§ thuat s6 hay lam min c4c vién ctia hinh anh vin ban.
Lam sach dwdng vién khung va dwong thing trong hinh &nh.

e Nhan dang chir viét cho cong nghé OCR da ngon ngir

c) Nhan dang van ban
Hai loai thuit toan OCR hodc quy trinh phin mém chinh ma phin mém OCR st dung d€ nhin dang vin ban dwoc
goi 12 so khép miu va trich xuit dic diém.

d) So khép mau

Cach thitc hoat dong ctia so khép mAiu 1 tach biét mot hinh dnh ky tw, duoc goi 1a hinh dang chit va so sanh vé&i
mo6t hinh dang chit twong tw dwoc lwu trit. Tinh ning nhan dang mau chi hoat dong hiéu qua khi hinh dang chit
dwoc lwu trir c6 phdng chit va ty 1 twong tw véi hinh dang chit ddu vao. Phwong thirc nay hoat dong tot doi voi
hinh dnh quét tir tai liéu dwoc danh may bang phéng chir di biét.

e) Trich xuit dac diém

Trich xudt dic diém sé chia nhé hodc phan tach hinh dang chit thanh cac dic di€m nhw nét thing, nét vong khép
kin, hwéng nét va giao diém nét. Sau d6, hé théng st dung cic dic diém nay dé tim két qua phu hop nhit hoic
két qua gin ding nhit trong so cac hinh dang chir khac nhau dwgc lvu trit.

f) Hau xw ly
Sau khi phén tich, hé thong sé chuyén d6i dir liéu van ban dwoc trich xuit thanh tép trén may tinh. Mot s6 hé
théng OCR c6 thé tao cac tép PDF c¢6 chi thich bao gom ca phién ban trwdc va sau cuia tai liéu dwoc quét.

C. TESSERACT OCR

Tesseract 1a mdt OCR engine hang ddu hién nay. Céng cu nay dwoc phin phéi véi ban quyén ma nguén mo
Apache 2.0. N6 hé tro nhan dién ky tw trén cac tap tin hinh anh va xuit ra dwéi dang ki tw thuin, html, pdf, tsv,
invisible-text-only pdf. Ngwoi dung cé thé st dung truc ti€p hodc 14p trinh vién cé thé st dung cic chitrc niang
thong qua APL

Tesseract gid dinh rang dau vao cia n6 1a mot hinh anh nhi phan véi cac viing vin ban da giac tily chon dwoc xac
dinh.

Budc dau tién trong quy trinh 13 phan tich cic thanh phan két néi trong hinh dnh va cidc dwong vién cla cac
thanh phén nay sé dwoc lwu trit. C6 thé noi rang Tesseract c6 1& 1a bd may OCR dau tién c6 kha ndng x ly cac vin
ban tring trén nén den mot cach dé& dang nhw vay. O giai doan nay, cac dwong vién dwoc tap hop lai théng qua
viéc 16ng vao nhau dé tao thanh cac déi twong goi la "Blobs".

Cac phan cua hinh anh (goi 1a Blobs) chita théng tin vé cac ky tw dwoc phan tich thanh cic dwong vién va dwoc to
chirc lai thanh cac dong vin ban. Cac dong vin ban va cic viing van ban khic nhau sau dé dwoc xem xét dé xac
dinh liéu chiing c6 viét v&i khodng cach gitta cac ky tw ¢d dinh hay ty 1é ti 1&. Sau d6, cac dong van ban dwgc chia
thanh tirng tir theo cach khac nhau, tiy thudc vao cach ma cac ky tw dwoc cach nhau. Néu van ban dwoc viét véi
khodng cach giita cac ky tw c6 dinh, chiing s& dwoc cit ngay 1ap titc thanh cac 6 ky tw riéng 1&. D6i véi vian ban co
khodng cach ty 1&, cac tir s& duoc tach ra bang cach st dung cac khoang tréng xac dinh va khoang tréng khong
xac dinh.

Tién trinh nhin dang vin ban dwgc thwce hién dwdi dang mot qua trinh hai buéc. Trong buéc dau tién, Tesseract
c6 ging nhan dang tirng tir mot cach tuan tw. Mbi tir ma nhan dang tét dd dwoc sir dung dé dao tao mot by phan
loai thich nghi. B6 phan loai thich nghi sau d6 dwoc cung cip co hoi d€ nhin dang van ban mét cach chinh xac
hon & phan dwéi cia trang. O buéc thi hai do bo phan loai thich nghi c6 thé hoc dwgc thong tin hitu ich mét
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cach qua muén dé anh hwdng dén viing dau cha trang, qua trinh nhin dang dwoc thyc hién Ian thi hai trén toan
trang. O Ian nay, cac tir ma khéng nhan dang da t6t trong lin du tién sé dwoc nhan dang lai. Cudi cung,
Tesseract giai quyét cic khoang tréng khéng xac dinh (nhitng khodng tréng khong ré rang) va kiém tra cac gia
thuyét khac nhau vé chiéu cao cta ky tw. Diéu nay gidp xac dinh van ban chitr nhé mét cach chinh xac.

D. LOI OCR

L&i OCR 12 toan bo nhirng tir, ky tw ma hé théng nhan dién ki tw quang hoc OCR nhan dién sai so véi anh thuc té.
Theo két qua & bang 1.1, Tesseract dat dwoc ty 1€ 16i ky tw dao dong trong khoang 1.31% - 2.48% trén cac bd dir
liéu khac nhau. D6i véi 16i tiy, ty 18 sai sét c6 phan cao hon, trong khoang 3.06% - 5.13%. Nhin chung, so véi
nhiéu hé thdng OCR khac clung thoi diém, két qua nay 1a kha 4n twong.

Bén canh d4, so véi phién ban cii nam 1995, phién ban Tesseract méi da cé cai thién dang ké vé do chinh xac, vai
ty 18 16i gidm téng cong 7.31% cho 16i ky tw va 5.39% cho 16i tir. Diéu nay cho thiy Tesseract van dang dugrc cai
tién va ning cip lién tuc.

III. PHUONG PHAP DE XUAT

A. MOT SO PHUO'NG PHAP SU’A LOI KY TU QUANG HOC

1. QUY TRINH XU LY KY TU QUANG HOC

Bai to4n nhan dang va sira 16i ky tw quang hoc dwa trén y twéng bai toan sira 16i chinh ta c6 dau vao 1a tir sai va
dau ra la tir duing thay thé cho tir sai. Tuy nhién, bai toan stta 16i ky tw quang hoc c6 thé nhan dién cac ky tw ndm
trong cac hinh anh kém chat lwong, ky tw bi bién dang, hodc mot s6 ky tw bi giong nhau do kiéu chit. Trong khi
do, bai toan stra 16i chinh ta thwong phat hién 16i go van ban sai do danh nham vao ky tw lién k.

Quy trinh xtt 1y ky tw quang hoc gdbm 3 giai doan:

e Preprocessing (tién xt 1y): Tién x& 1y dit liéu hinh anh.

e Processing (xt 1y): Dinh vi viing vn ban va nhin dang van ban dé cho ra van ban ky tw quang hoc.

e Postprocessing (hau xit ly) nhw Error! Reference source not found.: Nhan dién 13i sai ky tw quang
hoc sau d6 cho ra danh sach danh d4u d€ xt 1y lai néu can. Sira 16i sai dwa trén danh sach cac (ng cir
vién thay thé cho 16i d6, trong d6 &ng ctt vién c6 x&p hang cao nhit sé& dwoc thay thé cho ky tw 16i
Error! Reference source not found..
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Hinh 1. Quy trinh hdu xt ly két qud OCR

2. MOT SO CACH SU’A LOI KY TU’ QUANG HOC

Hién nay, c6 rat nhiéu phwong phap stra 16i chinh t& hay 13i chinh ta tir cac két qua nhan dang ky tw quang hoc.
Tuy nhién, c6 thé phan thanh ba dang chinh nhu sau: thd cong, ban tw dong va tw dong hoan toan. Trong bai bio
nay, phwong phap dé xuat 1a phat hién 13i theo phwong phap ban tw dong.

a) Ti€p can sira 16i tirng tir: nhan dién va sira 16i cho tirng tir mot cho dén hét toan vian ban
e  Sir dung va két hop nhiéu két qua tir cic hé thdng nhin dién ky tw quang hoc dé tang dé chinh xAc.
e Tham khao théng tin tir veng va ngit phap d€ cai thién nhin dién ky tw quang hoc.
e Tham khao md hinh 16i d€ nhan dang va stra cac 16i sai thwdng gip trong nhan dién ky tw quang hoc.
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e (Caithién do6 chinh x4c cia nhan dién ky tw quang hoc bang cach st dung mé hinh ngdn ngir theo chi
de.
b) Tiép cin dwa vao ngir canh Error! Reference source not found.Error! Reference source not found.
Mb hinh ng6n ngit: 13 moét md hinh dé cai thién d6 chinh x4c clia vin ban bing cach danh gi4 16i sai cta tir hodc
chudi tir, sau d6 thay thé cac 16i nay bang cac tir hodc chubi tir dwoc dé xuat dua trén do lwdng xac sudt phi hop
nhit véi nglr cdnh ngdn ngit tw nhién.

e Mo hinh théng ké: 12 mé hinh tinh to4n x4c suit xuit hién cla cac tir dwa trén cac thdng ké trén co sé&
dit liéu 16n vé ngdn ngit.
e Mo hinh dwa trén tri tué nhan tao: day 1a md hinh s dung tri tué nhan tao dé hoc ciu tric va quy luat
clia ngdn ngit ty nhién
e M6 hinh hoc may: sir dung cic dac trwng rit trich tir thudc tinh vin ban dé dwa ra cac dw doan va cai
thién két qua cac ky tw quang hoc
Mb hinh seq2seq: m6 hinh hoc may bang cich st dung mang no ron dé tao ra mot chudi diu ra cac ky tw quang
hoc t6t hon chudi dau vao.

Trong bai nghién ctru nay, sé két hop mo hinh seq2seq va BERT, trong d6 BERT dé tao ra danh sach cac két qua
c6 thé thay thé tir dwoc danh d4du 16, seq2seq sé chiu trach nhiém téng hop va tim két qua dwoc danh gia t6t
nh4t dé thay thé cho tir bj 16i.

B. PHUONG PHAP DE XUAT

Mb hinh BERT s& phat hién mot tir sai trong chudi dau ra cia qua trinh nhan dang ky tw quang hoc, sau d6 s& gan
nhin théng bao trwdc tir d6 va ngay sau tir d6, sau d6 dwa ca ciu vao md hinh va 14y ra dwoc mét danh sach cac
két qua c6 kha nidng thay thé tir dwgc danh ddu. M6 hinh seq2seq sé tdng hop cac két qua va tim cai tot nhat dé
thay thé cho tir sai.

1. MO HINH BERT

BERT la viét tit ca cum tir Bidirectional Encoder Representation from Transformer c6 nghia 1a mé hinh biéu
dién tir theo 2 chiéu (rng dung ky thuat Transformer. BERT dwoc thiét k& d€ huin luyén truwéc cc bi€u dién ti
(pre-train word embedding). Diém dic biét & BERT d6 1a né co thé diéu hoa can bing bdi canh theo c 2 chiéu
trai va phai.

Co ché attention ctia Transformer sé truyén toan bd cac tir trong ciu van dong thoi vao mé hinh mét lic ma
khong can quan tAm dén chiéu cua ciu. Do d6 Transformer dwoc xem nhw 1a hun luyén hai chiéu (bidirectional)
mic du trén thuc té€ chinh xac hon ching ta c6 thé noi rang do6 1a hudn luyén khong chiéu (non-directional). Dic
diém nay cho phép mé hinh hoc dwgc boi canh cla tir dwa trén toan bd cc tir xung quanh né bao gdm ca tir bén
trai va tir bén phai.

Embedding
To vocab + [ )

M[ f f t r}
o ) (o) (o] (o) (o)

Embedding | )

E’D[TH\%]W?E ﬁﬂ

A W, W, A W

Hinh 2. Kién triic BERT
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BERT dworc coi la bwéc dot pha 1én trong linh vwe xtr Iy ngén ngir tw nhién bédi kha nang &ng dung clia né vao
nhiéu bai todn NLP khac nhau: Tra 1&i cAu hoi, suy ludn ngdn nglt tw nhién,... véi két qua rat tot.

Mot trong nhitng cong thirc 16n nhit ctia NLP 1a dir liéu c6 vin dé. Trén internet c6 hang ta dit liéu, nhwng nhirng
dir liéu d6 khéng ddng nhat; mdi phan cla no chi dwgc st dung cho mdt muc tiéu riéng biét, khi gidi quyét mot
bai todn cu thé, ta cin trich ra mét bd dir liéu thich hgp cho bai todn clia minh va két qua 1a ta chi c6 mot lwong
rat it dir liéu. Nhung c6 mot diéu nghich 1y 1a cdc mé hinh Deep Learning can lwong dit liéu rat 16n - 1én hang
triéu - d€ co6 thé dat dwoc két qua tot. C6 mot van dé cin dwoc dit ra: lam cach nao dé tin dung ngudn dir liéu vo
cung san cé dé giai quyét bai todn ctia minh. P6 13 tién dé cho mdt ki thuat méi ra doi: Transfer Learning . Véi
Transfer Learning ciAc mo hinh (mé hinh) "chung" t6t nhit véi dir liéu trén internet ( pre-trained) dwoc xay
duwng va c6 thé fine-tunning cho cic bai todn khac nhau. Gitp cé k§ thuit nay két qua cho cac bai toan dwoc cai
thién t6t hon, khéng chi trong NLP ma con trong cac linh viwc khic nhw Thi gidc may tinh,... va BERT 1a mot trong
nhitng dai dién wu td nhit trong Transfer Learning cho NLP.

BERT str dung Transformer 1a mot mé hinh (attention) hoc méi quan hé giira cic tir (hodc mét phin cla tir)
trong moét van ban ndi cach khic mé hinh c6 thém vector dai dién cho ngit cAnh (contex) cta dir liéu dau vao.
Transformer bao gom 2 phan chinh: Encoder va Decoder, Encoder thwc hién doc dit liéu dau vao va dau ra duw
kién ctia bd giai ma. O day, BERT chi sir dung Encoder.

Khac vé&i cac mo hinh dinh hwéng (cac moé hinh chi doc di liéu theo 1 chiéu duy nhat - trai—phai, phdi—trai) doc
dit liéu theo dang tudn tw, bé ma hoa doc toan bo dir liéu trong mot lan, céng viéc nay thuwc hién BERT c6 kha
nang huin luyén dir liéu theo ca hai chiéu, nho d6 hinh anh c6 thé hoc dwoc ngir canh (contex) cida tir t6t hon
béng cach st dung cAc tir xung quanh né (phai & trai).

Theo hoat ddng cta kién tric BERT, dau vao la chudi cac wil, w2,... dwoc biéu dién dwédi dang vector truéc khi
dwa vao mang. Pau ra ctia mé hinh 1a cac vector c6 kich thwéc bing dau vao. P& hoc dwoc ngit canh cda tir, BERT
6 2 chién lwoc dao tao:

Gan mat na: 15% token cuda input dwoc thay thé bdi [MASK] nhw Error! Reference source not found. truéec
khi truyén vao model. M6 hinh s& dwa trén cac tir khéng dwoc che va context dé dw doan gia tri cta tir goc bi che.
Nhuw vy, BERT van gdm 2 nhanh encoder giup embedding cac tir input va decoder tim ra phan phéi xac suit cia
céc tir output. Sau khi thwc hién self- attention va feed forward ta sé& thu dwgc ddu ra 1a cac vector o1, 02, ... Dé
tinh phin phdi xac suit cho output, mé hinh cé thém Fully connect layer sau Transformer Encoder st dung
softmax d€ tinh todn phan phdi xac suit. Cudi cung ta c6 dugc vector ciia mdi tir tai vi tri [MASK] 1a vector giam
chiéu ctia oi sau khi qua fully connected

Du doan ciu tir tiép theo: mo hinh sé st dung mot cap ciu lam d4u vao dit liéu, va dw doan ciu thir 2 c6 kha
nang 1a ciu tiép theo cta ciu thit 1 hay khéng. Trong qua trinh huln luyén, 50% lwong dit liéu dau vao l1a cdp ciu
trong d6 cau thir 2 thuc sw 13 cau tiép theo cta ciu thit 1, con lai 50% thi cAu thit 2 dwgc chon ngdu nhién tir dit
liéu. Cu thé, di¥ liéu sé dwoc x Iy nhw sau: khi mot tir dwere phat hién 12 sai trong output, sé chén ma [CLS] vao
trwde tir d6 va [SEP] ngay sau tir 46, ma thong bio trong tirng ciu dwoc danh diu 1a A hodc B, chén thém vector
biéu twong vi tri cia ma thong bio trong cu. Sau d6, dwa cd cAu vao mé hinh va dwoc output 1a mét danh sach
két qua c6 thé thay thé dwoc cac tir dwoec danh ddu. Tuy nhién, d€ téng hop va tim két qua dwogc danh gia tot
nhat cé thé thay thé cho tir bi sai, md hinh seq2seq sé chiu trach nhiém cong viéc nay.

[MASK] [MASK]
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+ + + + + + + + + + +
Transformer
rostional (€, ) (& ) (& ) (& ) (&) (&) (& )(e)(a)(8)(8)
Embedding

Hinh 3. Ddnh ddu [MASK] cho tir
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2. MO HINH SEQ2SEQ

Mb hinh seq2seq di cé két qua rat tot d6i véi bai toan sira 16i chinh ta. Chinh vi vay, nghién clru nay dé xut sir
dung md hinh nay véi muc dich stra 16i sai tir két qua ocr trainning trén bd dit liéu xay dwng riéng cho bai toan
stra 16i sai OCR nhdm dat dwgc két qua 12 véi du vao ciia md hinh 13 mét tir trong cau bi sai dwa vao mo hinh sao
cho két qua dau ra 1a mot tir ding dé thay thé tir bi sai dd dwoc dwa vao md hinh nhim tao ra chudi dung va cé y
nghia.

Xy X5 X3

' |

ho l ¢, h Y c,, h N
—» LSTM —1—% |STM —2—3% [STM -

3, h3
l l |

h, h, h,

ENCODER
¢

Final state of

encoder is initial
set of decoder End
‘ I
o, hg |

=)
m
€y, Sy C,y, S Cy, S 8
- LSTM ——= LSTM =% |STM —*=3 |STM 5]
T T T |3
Start Y1 Y2 Ys

Hinh 4. M6 hinh seq2seq

Error! Reference source not found. mé ta kién tric ctia seq2seq gom 2 nhanh Encoder va Decoder. Phin
Encoder sé& nhan vao mdt chudi vector, mdi vector biéu dién mét ky tw. Cac 16p LSTM trich xuat thong tin tir
chudi dau vao va truyén noé téi 16p ti€p theo. Trang théi cudi ciing cia Encoder sé& dugc truyén cho Decoder va
dong vai tro 1 gia tri khéi tao ctia Decoder. Cac 1ép LSTM & phan Decoder ciing sé xt 1y chudi va truyén ti trai
qua phai. O’ mdi bwéc thoi gian trong Decoder, mot 16p Softmax thuong dwoc ap dung dé dw doan xac suat xudt
hién cuia tir tiép theo trong chubi dich.

Quaé trinh huin luyén mé hinh sé dwoc thwe hién nhw sau:
Encoder:

Encoder xtr Iy chudi d4u vao theo tirng bwéc thoi gian (time step t) tai cac LSTM Cell. Méi t twong rng véi mot
phan ti¥ trong chudi d4u vao va dugc thuc hién tir trai sang phai chudi. Tai méi t, LSTM Cell trong Encoder nhan
ddu vao cta time step t va trang thai 4n hiddenstate h, tir time step t-1. LSTM Cell sau d6 tinh toan hiddenstate

(h[ ) méi va cellstate (C —t) méi cho time step t. Hiddenstate (ht ) va cellstate (C —t) tai time step t nay
dwoc truyén téi time step t+1 dé dwoc st dung cho viéc tinh todn & time step tiép theo.

Internal state ctia LSTM Cell dwgc khéi tao ngiu nhién. Internal state ctia LSTM Cell tai time step t-1 dwoc sir
dung cung véi dau vao (input) clia time step t d€ tinh toan hidden state va cell state tai time step t, vi thé ma mo
hinh c6 thé giir lai thong tin quan trong. Internal state ctia LSTM Cell cudi cung ctia Encoder sé chita thong tin
téng hop cta toan bo chudi s& 1am dau vao cho Decoder dé bit dau qua trinh sinh ra chudi du ra.

Decoder:

Twong tw nhuw Encoder, Decoder nhan toan bo chudi dich ma ban mudn tao ra. Chudi dich gén tién t5 "START_"
vahau td "_END" dé chi ra diém bit dau va két thuc.
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Internal state khéi tao ciia Decoder bdng véi internal state ctia LSTM Cell cudi cing cta Encoder. Decoder ciling
xt ly chudi dich tirng bwéc thoi gian tai cac LSTM Cell nhw Encoder. Tl dw doan (predicted word) tai time step t
dwoc tao ra tir LSTM Cell tai time step t dwa vao tir ddu vao (input) tai time step t va thong tin tir time step (t-1)
nhw: hidden state va cell state, tir dyw doan & time step (t-1).

Tai mdi time step t, Decoder sé& dw dodn mét tir (hodc ky tw) tai chudi dich va so sanh no véi tir trong chudi dich
dung. Do sai khac giita dw doan va ddang 1a 16i (loss). L6i nay sau d6 dwgc st dung trong qua trinh
backpropagation d€ cip nhit lai cic trong s6 (weight) ctia mé hinh. Muc tiéu la diéu chinh m6 hinh sao cho dw
doan clia né gan gidéng véi chudi dich dung.

Predict:

Trong qua trinh dw doan thi Encoder van giéng nhw qué trinh huin luyén con déi véi Decoder qua trinh dién ra
nhw sau: Internal State cia Decoder dugc khéi tao bang Internal State cudi cung trong Encoder. Input cla
Decoder ludn bt dau bang “Start_”. O mdi Time Step, LSTM Cell dy doan mét ti, tir nay va internal state dworc sir
dung cho Time Step tiép theo. Khi Decoder dw dodn rala _END, qua trinh s& két thic.

3. TIEN XU’ LY DU LIEU

Thu thap 1000 hinh 4nh chita cic vidn ban tiéng Anh tlr google v&i cac tir khéa “ OCR”, “scanned document”,
“quote” nhu Error! Reference source not found., roi tién hanh dwa tirng 4nh qua tesseract ocr dé thu dwgc cac
doan text trong dnh va loc ra dwoc 50000 15i sai.

Noisy image
10 test
desseract OCR

1.png 2png 3png 5.0ng 6.00g 9.,png 10.png 11.png 12png
’ Item type: PNG File

Dimensions: 318 x 159
Size: 845

14.png 15jpg 16.png 17.png 19.png 21.png 24.png 25.png 26.png 27.png 28.png 30.png
o

Eimor win L
everyome sesil
ﬁ \ E a vkl
INSPIRE YOU!

31jpg 32jpg 33jpg 34jpg 35.png 36pg 37jpg 38jpg 40jpg 42jpg 42png

Hinh 5. Hinh dnh trong bg dir liéu

4. GAN NHAN
Tién hanh gan nhin ddng cho cic tlr sai nhw sau:

Bang 1. Bdng gdn nhan diing cho tir sai

Tt bi sai Nhan diung
yung young
dcar dear

tlat that

wie wife

5. HUAN LUYEN MO HINH

a) CAu hinh: BATCH_SIZE = 64; EPOCHS = 100; LATENT_DIM = 256; NUM_SAMPLES
BREAK_CHAR ="\t'; ENDSEQ_CHAR ="\n'; MIN_SEQ_LENGTH = 4; MAX_SEQ_LENGTH = 45

b) Két qua huin luyén

50000;
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OCR Error Probability per Letter

Original File Readability (%)

1.0
0.8
g
w 0.6 1
‘s
Z
=
S 0.4
e
o
0.2 4
0.0 -
abcdefghijkImnopgrstuvwxyz
Hinh 6. Tdn sudt xdy ra 16i trén cdc ky tw
1.00
—
0.99 | {
098] L B T
| —
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> —— training 1
£ 0.96 1 —— testing 1
; —— training 2
0.95 - —— testing 2
—— training 3
0.94 —— testing 3
——— training 4
0.93 —— testing 4
training 5
0.92 —— testing 5
0 20 40 60 80 100
epochs
Hinh 7. Accuracy qud trinh trainning Seq2Seq
Seq2Seq OCR Prediction Accuracies (n=5721)
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Hinh 8. D¢ chinh xdc ctia mé hinh Seq2Seq
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IV. KET QUA THU'C NGHIEM

1. TH NGHIEM TREN 1 HINH ANH:
Dé dwa ra két qua cudi cling, 2 giai doan di dwoc thwc hién: phat hién 16i va stra 16i. Pau tién, dwa mot hinh dnh
nhw hinh bén dwédi, d€ thwc hién tesseract ocr

Hinh 9. Mdu thir nghiém cho mé hinh
K&t qua nhu sau:

a computer is a genecal purpose device iat cxn be Programmed $9. carry oot & Guomatiely, Stee a sequence of
eperaltin can be changed the computer can salve more than one Kind of problem The first ise of Phe wor
computer was recorded 4 The first compoler dewvices were conceived of in the nineteenth eenhing.

Thong qua phwong phap nhan dién 16i bén trén da néu thu dwoc két qua phat hién 16i nhw sau:

a computer is a genecal purpose device iat cxn be programmed carry oot guomatiely stee a sequence of
eperaltin can be changed the computer can salve more than one kind of problem the first ise of phe wor
computer was recorded the first compoler dewvices were conceived of in the nineteenth eenhing

Phat hién 16i: sau khi nhan dwoc két qua tir tesseract ocr , tién hanh loai bé cac ky tw khéng hop 1 (khong phai
14 s6 hodc ky tw) trong vin ban bang cach do tirng tit, néu tir d6 khong nim trong bd dit liéu, xay dung sin bao
gdm: mot tir dién khoang 120.000 tir tiéng anh, danh sach tén ngwdi khoang 50.000 tén riéng, danh sach tén cac
dia diém, bo tir dién s6 dém, bo tir dién dang tir (tir & dang s& nhiéu, phan tir hai, danh, dong tinh, cum dong ti,
cum danh tir va cum tinh tt, v.v...).

Cac tlr khdng ghép vai tir trede hodc tir sau d6 d€ tao thanh cum tir ¢é ¥ nghia dwoc cho 1a sai va danh dau
‘[CLS]’. Sau d6 dwa danh sach cac tir nay vao mé hinh seq2seq da train & phan trén va bert dé€ dw doan. M6 hinh
seq2seq cho ra két qua mot tir thay thé cho tir bi sai va mé hinh BERT dwa va ngit canh céc tir xung quanh tir sai
dé dé xudt ra 50 tir thay thé. Cac két qua nay dwoc lvu vao mot danh sach nham tién hanh danh gia dé tim ra két
qua tot nhat.

Stra 16i Error! Reference source not found.Error! Reference source not found.: Tuy nhién két qua phat sinh ra
nhiéu 16i OCR do qua trinh tesseract, chti yéu do cong cu tesseract bi nhAm mot sé ki tw & trong tir. Vi vay tién
hanh sir dung khodng cach “Levenshtein” 13 mot phép do khoang cach gitra hai chudi hoic hai tir ngit. Khodng
cach Levenshtein dwgc tinh bing cAch dém sé lwgng cac thao tac chinh stra can thiét d€ bién d6i mot chudi thanh
chubi khac. Cac thao tac chinh stra bao gdom:

e insert: Thém mdt ky tw vao chudi.

e delete: X6a mot ky tw khéi chudi.

e replace: Thay thé mot ky tw bang mot ky tw khac.
Khoéng cach Levenshtein do luérng mitc dd twong dong gitra hai chudi, véi gia tri nhé hon dai dién cho sw twong
déng cao hon. Tir d6 tinh khoang cach gitra cic rng vién thay thé nhu Error! Reference source not found. cho
tlr bi sai va chon rng vién c6 d6 twong dong vé ki tw véi tir bi sai cao nhét.

Hinh 10. Két qud chon tng vién thay thé cho tir bi sai
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Nhuw vay tir “genecal” dd dwoc thay thé boi tir “general”, va thay hét cac tlr sai nhuw sau:
Correcting:

e genecal ---> general

e jat---=at

* cxn --->can

* oot ---> out

e guomatiely ---> some

e stee ---> time

e eperaltin ---> operations
* ise --—->use

e phe ---> the

e wor ---> word

* compoler ---> common
e dewvices ---> devices
e eenhing ---> century

2. XAY DUNG GIAO DIEN DEMO TREN WEB

Tién hanh xay dung mét web st dung framework flask ctia python cho phép tai 1én mét dnh chiva ky tw. Sau dé
sé tién hanh xtr ly anh, nhan dang vin ban trong dnh bang tesseract ocr, dwa vao mé hinh d€ phat hién va stra
16i. K&t qua thé hién sira 16i bao gdm vin ban ban dau, vin ban sau khi nhan dién 16i, van ban dwoc sira 16i nhw
Error! Reference source not found..

; . )
c o 12700150 A alm o 2 @ L
] ASUS E-Service [7) Hoc I3p trinh java w... Trién khai mot s6 th..  [7] khdo sét thuc trang. Thuctdp cong ngh.. [E) Tich hop dang nha... () C#-Xust dirtiéusQ.. [ Dy én website shop.. [3) Khong c6 mo ta. > ) Other favorites a
OCR Correction Q
Crocia i s || | v
Just a3 #00m ax & Chimaman has “estab. -
ushed” ¥is American Mrih. even through
it ho mvariably goes to
China 434 elther marries, o pretends o i
. soma Chinean for whow he
the right of entry inte the United
States on the ground every Americas
cltizen 1 entited to Ba wife with 0

OCR Text by Tesseract: +

Goes Back 1o Manry. - Just ag soon asa Chinaman has ‘estab. lushed" his American birth, even ‘through fraudulent means, he mvaHably gocx to China and either 'maries, or protends to marry, some Chineso woman for whoin ho clams the tight of
entry into the United Bates om the ground that every American citizen ts entitied to have bin wife with tm, = In this-way the Chinese population tn tho United States is gradually growing, and the more numerous It is, the more difficult it becomes to
ferret out and send back to their native land those wha come Into tho United States by lilegal methods. When it is remembered that, the Chineso never cease to be citizens | thelr own land, and never surrender thelr affiliations with. thelr home
government, It will bo nen that the Chinesg in Amer. fea may eventuaily become a serious pexeete pe

OCR error detected:
goes back to marry just ag soon asa chinaman has estab lushed his american birth even through fraudulent means he mvahably gocx to china and elther marries or protends to marry some chineso woman for whoin ho clams the tight of entry into the
united btates om the ground that every amenican citizen ts entitled to have bin wife with tm in this way the chinese population t tho united states is gradually growing and the more numerous it is the more difficult it becomes to ferret out and send
back to thelr native land those wha come into tho united states by illegal methods when it is remembered that the chineso never cease to be citizens i thelf own land and never surrender thelr affiiations with thelr home government it will bo nen that
the chinesg in amer fea may eventuaily become a serious pexeete pe
Corrected Text:

goes back to marry just as soon asa chinaman has not loved his american birth even through fraudulent means he marry go to china and either marries or pretend to marry some chinese woman for him ho clams the tight of entry into the united states
on the ground that every american citizen ts entitled to have bin wife with me in this way the chinese population in tho nited states is gradually growing and the more numerous it is the more difficult it becomes to feret out and send back to their
native land those who come into tho united states by illegal methods when it is remembered that the chinese never cease 1o be citizens | their own land and never surrender their affiliations with their home government it will bo be that the chinese in
amer ##ga may eventually become a serious poet pe

Hinh 11. Giao dién chwong trinh demo

3. KET QUA TH NGHIEM VO'1 DU LIEU ANH PU'Q'C SCANNED:
St dung 25 hinh anh c6 chir d€ thwc nghiém, tir két qua Bang 2 cho thiy ty 1é stra dung ciia md hinh kha cao.

Bang 2. Két qud thix nghiém sika 16i véi by dnh tai liéu dwoc scanned

. | Lai Lbi
STT | Anh Loi Ty 1é stra ding
phat hién dwoc | dwoc stra ding
ljpg | 13 | 12 10 76.92%
2.jpg | 2 2 50.00%
60.00%

1
3
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3jpg | 5
4jpg | 10

71.43%
66.67%
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6.jpg 9
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7 7jpg | 15 | 14 11 78.57%
8 8ijpg | 2 3 0 0.00%
9 9jpg | 6 5 4 80.00%
10 | 10jpg | 11 | 10 9 90.00%
11 | 11.jpg | 8 7 6 85.71%
12 | 12.jpg | 3 3 2 66.67%
13 | 13.jpg | 4 4 3 75.00%
14 | 1l4.jpg | 12 | 12 10 83.33%
15 | 15jpg | 6 6 5 83.33%
16 | 16.jpg | 9 8 7 87.50%
17 | 17.jpg | 5 5 4 80.00%
18 | 18.jpg | 7 6 5 83.33%
19 | 19.jpg | 8 8 7 87.50%
20 | 20.jpg | 10 | 10 9 90.00%
21 | 21ljpg | 4 4 3 75.00%
22 | 22jpg | 6 6 5 83.33%
23 | 23jpg | 7 7 6 85.71%
24 | 24.jpg | 9 8 7 87.50%
25 | 25jpg | 5 5 4 80.00%
Tong 154 | 141 119 78.27%
cong

V. KET LUAN

Mb hinh da dwoc xay dung don gian bang cach két hop seq2seq va BERT dé dwa ra cac du doan tir véi do chinh
xac twong déi, tir d6 phat trién mot chwong trinh nhdm muc dich gidm tai cho viéc soat 16i chinh ta trong qua
trinh s6 hoa tai liéu tir danh &nh sang dang text nham tiét kiém thoi gian va chi phi dé phan tich dit liéu. Tuy
nhién, do han ché vé viéc thu thap dit liéu, nén tap dit liéu chwa du 16n d€ mé hinh dat dé chinh xac cao. Khi két
qua tesseract ocr gap 16i tir bi dinh lién, m6 hinh chwa stra dwgc 16i. Hy vong sé cai tién md hinh va thu thap thém
d€ mo rong tip dir liéu d€ giai quyét van dé nay trong twong lai.
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OPTICAL CHARACTER ERROR RECOGNITION AND CORRECTION
Le Thi Bao Tran

ABSTRACT— The Optical character recognition (OCR) system helps identify characters contained in image documents.
However, poor-quality images and limitations of text error detection and cleaning methods lead to inaccurate results. To
improve the output quality of text, in this paper, I propose a new approach to detecting and correcting OCR errors using a
machine learning model that combines BERT and seq2seq, and then uses distance calculation algorithm to solve
optimization problems. Through the effective setting of algorithm parameters, my model can be implemented with high-
quality candidate generation and error correction. We trained the model on a dataset with 1000 images collected from
Google, then also built a website for testing. Experimental results show that the proposed method is more outstanding than
traditional methods.

Keywords—Tesseract OCR, BERT, seq2seq, detection, correction.
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