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TOM TAT

Bai bdo nay dé xudt mot phwong phap hiéu qua dé nhan dang van ban tiéng Viét trong anh
ngoqi canh. Phuwong phap dwoc de xudt dya trén y twong két hop ba luong xir Iy dong thoi trong
mot cong doan nhdn dang, bao gom: (i) Nhdn dang (dw dodn) chudi ky tw tiv hinh anh; (ii) X Iy
ngir canh; (iii) Hop nhdt va hiéu chinh 16i. Hiéu qud cua phuong phap duoc kiém nghiém trén
hai tap dit liéu anh ngoai canh dwgc thu thdp tu thuc té VinText va VnSceneText. Cac két qua
thwe nghiém cho thdy phwong phdp cé kha nang phat hién dwoc cdc van ban co hinh dang va
kich thuée bdt ky véi dé chinh xdc cao va on dinh. Cu thé, phwong phép dat dé chinh xdc mirc tir
(word accuracy), dé chinh xdac mirc ky tw (character accuracy) la (81.87%, 93.02%) va (82.56%,
94.33%) lan luot trén hai tdp dir liéu thir nghiém.

Tir khoa: Phat hi¢n; Nhéan dang; Déc trung; Xac suét; Do chinh xéc.
1. MO PAU

Phét hién va nhan dang vin ban trong anh ngoai canh (goi mot cach ngin gon 1a nhan dang
vin ban ngoai canh) hién dugc Gmg dung rat phd bién trong thuc té, dién hinh nhu: Poc bang
hiéu, hop san pham, nhin hang; Nhan dang nhin va thong s k§ thuat trén cac linh kién dién tir -
mg dung trong cac diy chuyén san xuat cong nghiép; Nhan dang va dich tén duong phd, cac
bién bao giao thong, bién chi din, menu nha hang cho nguoi khiém thi hodc du khach nuéc
ngoai dén Viét Nam du lich; Nhan dang phu dé va cac sb liéu tir video,...

Céc phuong phap nhan dang vin ban ngoai canh hién nay dugc dé xuit chii yéu dua trén nén
tang hoc sdu. mot s6 phuong phap nhin dang vin ban dua trén chudi [1, 4-7] d3 sir dung m6 hinh
CTC [8] dé du doan cac chudi ky tw. Trong [9], mdt cira sd trugt trude tién duge ap dung vao
anh dong van ban (text-line image) dé thu thép thong tin nglr canh mot cach hiéu qua, sau do st
dung bo du doan CTC dé du doan céc tir dau ra. Rosetta [4] chi sir dung cac dic trung duoc trich
Xuét tir mang no-ron tich chap bang cach ap dung mot mo hinh ResNet [10] lam mang backbone
dé du doan cac chudi ddc trung. Trong [11, 12], mét cira sd truot trude tién dugc ap dung vao
anh dong vin ban (text-line image) dé thu thap thong tin ngit canh mot cach hiéu qué, sau do sir
dung bd du doan CTC dé dy doan cac tir dau ra. Dé trich xuét thong tin ngir canh t6t hon, mot sb
cong trinh [1, 4, 6] da sir dung RNN [13] két hop v6i CTC dé xéac dinh xac suat c6 diéu kién giita
chudi dugc dy doan va chudi muc tiéu. Gan déy, v6i quan dlem rang nang lyc han ché cua cac
md hinh ngdn ngit xuit phat tir viéc md hinh hoa ngdn ngit ngdm dinh, biéu dién cac dic trung
mot chiéu va mo hinh ngén ngit véi dau vao nhidu, Fang va cong su [14] da dé xudt mo hinh
ABINet ty diéu khién (Autonomous), hai chiéu (Bidirectional) va lap lai (Iterative) dé nhan dang
van ban tiéng Anh va tiéng Trung trong anh ngoai canh. Cac két qua thuc nghiém cho thiy
ABINet c6 kha ning giai quyét tét cac truong hop dnh diu vao cé chat lwong thap va dat do
chinh x4c cao nhét so v6i cac phuong phap nhan dang vin ban ngoai canh hién co trén cac tap dit
lidu tiéng Anh da duoc cong bd.

Dbi véi viee nhan dang van ban ngoai canh tiéng Viét, ngoai viéc phai ddi mat véi cac thach
thirc cua bai toan nhan dang van ban ngoai canh néi chung nhu da dé xuét & trén, con gip phai
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cac kho khin vé ting dau mii va dau thanh diéu trong tiéng Viét. Cac ting dau nay c6 thé gay ra
van d& dinh chit va dinh dong trong vin ban, lam giam d6 chinh xac trong phat hién va nhan
dang. Do do, dé dam bao dd chinh xac nhan dang can c6 thém tich hop cac co ché xur 1y riéng
biét pht hop véi cac dic thu cua tiéng Viét. Khao sat thuc té cho thay cac két qua nghién ciru
trong phat hién va truy xuét van ban tiéng Viét trong anh ngoai canh hié€n con rat han ché. Mot
vai két qua nghién ctru tiéu biéu trong nhan dang vin ban ngoai canh tiéng Viét di duoc cong bd
gan day [14, 16].

Bai bao nay dé& xuat mot phuong phap hiéu qua dé nhan dang vin ban tiéng Viét trong anh
ngoai canh (goi mot cach ngfm gon 1a nhén dang van ban ngoai canh tiéng Viét). M6 hinh nhan
dang cua phuong phap dé xuit dwoc chia thanh 03 khéi chirc ning chinh: Khoi nhin dang/du
doan chudi ky tu, khdi xtr 1y ngir canh, khdi hop nhit va hiéu chinh 16i. CAu truc cua khéi thi
nhét bao gém mot mang backbone Resnet-50, mot mang mo hinh hoa chudi, mot module tap
trung vi tri (position attention) va mot bo phan 16p (C1) dé du doan cac ky tu trén chudi dau vao
can nhan dang. Khdi thr hai ¢6 vai tro xir Iy thong tin ngit canh, kh6i nay bao gém mo hinh ngdn
ngir tiéng Viét hai chiéu (bidirectional) mirc ky tu va mé hinh du doan xac suat. Khoi thir 3 bao
gom mot md hinh hop nhét va mot bo du doan ky tu (C2). M6 hinh hop nhit ¢é vai tro két hop
cac thong tin ngir canh (déc trung ngdn ngir, xac sudt du bao cua cac ky tw) voi tap anh xa dic
trung va tir dién Gng ctr vién dé du doan ky tu.

Céc dong gop chinh ciia chiing t6i trong bai bao nay bao gom:

Thir nhat, ching t6i da dé xuit mot phuong phap hiéu qua dé nhan dang vin ban ngoai canh
tiéng Viét dat do chinh x4c cao, khong bi anh huong nhiéu boi nhiéu ciling nhu hudng cia vin
ban. Phuong phap c6 kha nang thich nghi va giai quyét tot ddi véi cac van ban co hinh dang bat
ky bao gdm ca cac vin ban cong (curve text). Thir hai, chung t6i da thiét ké cac 16p mang tuong
g véi cac md hinh ngdn ngir muc ky tu (character level) va mic tir (word level) dé biéu dién
thong tin nglt canh, st dung trong qua trinh nhan dang. Tha ba, chiing t6i da thu thap va xay
dung dugc mot tap dir lidu gdm 3000 anh ngoai canh tiéng Viét tir mdi truong thuc té, phuc vu
cho qua trinh nghién ctru va danh gia thir nghiém cac thuat toan phat hién va nhan dang van ban
tiéng Viét trong anh ngoai canh.

Cac ndi dung con lai cua bai bdo dugc trinh bay nhu sau: Phan 2 trinh bay tom luoc cac
hudng tiép can lién quan. Y tudng chinh va cac budc thuc hién ctua phuong phap dé xuit dugc
mo ta chi tiét trong phan 3. Phan 4 trinh bay qua trinh kiém thir va danh gia hiéu quéa ctua phuong
phap. Mot s6 két luan va hudng phat trién duoc dé cap trong phan 5.

2. PHUONG PHAP

Ké thira cac y tuong chinh tir ABINet [14], ching t6i dé xuat phwong phap VNSTR
(Vietnamese Scene Text Regnition) dé nhan dang vin ban (budc thir 3 trong quy trinh trén). Dau
vao ciia mo hinh 14 hinh anh cua mot tir hodc mot chudi ky tu, du ra 1a tir hodc chudi ky tu
tuong umg dugc nhan dang. Phuong phap nay tap trung vao hai myc ti€u chinh: i) C6 kha néng
xur 1y tot ddi VOl cac tang diu mii va du thanh diéu trong tleng Viét; ii) Pat d9 chinh xac nhan
dang cao va 6n dinh trén cac loai anh vin ban ngoai canh dau vao c6 chét lugng, hinh dang va
chung loai font chit bat ky. C4c thuc hién co ban cta phuong phap duoc mé ta cu thé trén hinh 1.

Quy trinh thyc hién cta phuong phap dé xuét nhu sau: Mdi anh dau vao can nhan dang trudc
tién s& dugc dwa qua mot mang backbone dé trich chon dic trung. Két qua dau ra clia mang nay
s& tiép tuc dugce dua qua mang tap trung vi tri (position attention) dé lay dugc cac thong tin ngir
canh quan trong cta cac dac trung. Tap anh xa dédc trung thu dugc tir budc nay sé duoc sir dung
lam dau vao ddng thoi cho ca bd phan 16p C1 va C2. Ham softmax trong b phan 16p Clsé tién
hanh phan 16p dya trén tap anh xa dic trung dau vao, tra vé két qua 1a chudi ky tu twong ung
nhan dang dugc clia anh dau vao. Dya trén két qua tra vé ctia bd phan 16p C1, mét danh sach tng
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cu vién s€ duoc sinh ra va ty dong cép nhat vao tr dién ung cu vién. Bo phan 16p C2 s€ tién hanh
hop nhat cac anh xa dac trung dau vao véi cac thong tin ngli canh thu dugc tir mé hinh dy doan
xac suat va tham chiéu téi tir dién ing cir vién de ra quyét quyét dinh.
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Két qua tra vé
Hinh 1. Phuwong phdp nhin dang tir tiéng Viét trong anh ngoai canh.

CTu dién tng cir vién o day dugc str dung voi muc dich han ché cac nhiéu dau vao. Két qua tra
v€ tir b phan 16p C1 va C2 ti€p tuc dugc sir dung lam dau vao cua mang BCN dé€ trich xuat déc
trung ngdn ngir va du dodn xac xudt cia cac ky ty. Sau d6, qua trinh hiéu chinh va phan 16p tiép
tuc 1ap lai cho t6i khi két qua nhan dang théa man.

2.1. Dy dosn chudi ky tu tir hinh dnh

M6 hinh d~u doan chudi ky tu tir hinh anh bao gém bdn cong doan: Trich chon dac trung; Mo
hinh héa chuoi; Tang cuong thong tin nglt canh; va du doan/nhén dang ky tw. M6 hinh nay chiu
trach nhiém phan tich va xir Iy hinh anh véan ban, sau d6 chuyén d6i thanh mét chudi cac ky tu
tiém nang. Diém manh cia mo hinh nay nam ¢ kha nang xu Iy dau vao dang hinh anh va gitr su
linh hoatv trong viéc nhan dién cac ky tu qua nhiéu loai font chir khac nhau, kich thudce va dinh
dang. D¢ trich chon dac trung tr anh dau vao, chung t6i st dung kién truc mang backbone
ResNet-50 [10] Iam backbone. Pay 1a mét kién trac mang backbone dugc danh gia la ciu trac
mang backbone tot nhat va dugc st dung phd bién nhat hién nay. Kién trac nay gdm 50 16p
(layer): Zero Padding (L6p dém), CONV (Lop tich chap - Convolution), Max poolling, cac Conv
Block (Khoi tich chép), cac ID Block (Khoi dinh danh, Avg Pooling (Average Pooling) va
Flattening. Moi 16p tich chdp trong Resnet déu dugc ap dung k§ thuit chuan hoa Batch
Normalization (BatchNorm). Qua trinh thue hién ciia mang duoc chia thanh 6 cong doan (stage),
duq~c ky hi€u tur stage 1 dén stage 6. Két qua thuc hién ctia moi stage 1a cac anh xa dac trung
chuoi (Feature maps):

F, = Backbone(x) € Rwxd )

Trong do: h, w 1a kich thudc (chiéu‘cao, chiéu rong) cua anh xa déc trung, dugc xac dinh twong
ung bang % kich thuéc (chiéu cao, chiéu rong) ctia anh dau vao; d 1a so chiéu cua dac trung.

DPé mo hinh hoa chudi ky tw, chung toi sir dung kién trac Transformer duoc dé xuat trong
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[17]. Kién triic nay c6 kha nang giai quyet t6t cac van de can xac dinh mi quan hé giita cac phan
tlr cach xa nhau trong chudi, ma cac kién tric sau truyén théng nhu RNN hodc LSTM gip kho
khan. Mot kién tric Transform gdom hai phan chinh: encoder (mi hoa) va decoder (giai ma)
Encoder nhan dau vao 1a cac anh xa déc trung chu01 F; thu dugc tir mang backbone va chuyén
d6i n6 thanh mot chudi biéu dién 4n. Encoder gdm nhiéu 16p, mdi 16p lai chira hai sub-layer 1a
multi-head self-attention va position-wise feed-forward. Decoder sau d6 nhan chudi biéu dién 4n
tir encoder va du doan chudi dau ra. Decoder ciing ¢6 ciu triic twong tu encoder nhung thém mot
sub-layer attention cho viéc dinh huéng dau ra (output). Ca hai phan nay sir dung co ché tap
trung (attention), cho phép md hinh tap trung vao cac phan khéac nhau ciia chudi dau vao khi du
doan dau ra. Piéu nay giip kién triic Transformer vugt troi hon so vé6i kién trac truyén thong
trong viéc xur 1y cac chudi dai va bién ddi ngit canh.
F,, = Transformer(F,) € R>wxd 2)

Module tap trung vi tri (position attention) duoc sir dung dé xac dinh mirc do anh huong
(hodc mirc d6 tap trung) ctia mot phan tir t6i cac phan tir khac trong cing chudi. Module nay
nhan dau vao 1a cic 4nh xa chudi F,, vatra vé diu ra 1a cac anh xa dic trung da dugc tang cuong
thong tin ngir canh theo vi tri. Thong qua viéc thém thong tin vé vi tri vao dit liéu, mé hinh c6
thé hiéu duoc ¥ nghia bdi canh va trinh tw cua cac phén tir trong mot chudi. O day, tir mé hinh
Transformer, thong tin vi tri dugc ma hoa thanh cic véc-to vi tri va dugc cong vao cac véc-to
dau vao. Khi d6, co ché position attention cho phép tip trung vao cac phan tir quan trong lién
quan dén phan tir dang xét, dya trén vi tri va y nghia cta chung trong chudi.

Module du doan ky tu tién hanh chuyén déi cac dic trung hinh anh thanh xac suit ky tw mot
céch song song, dua trén mo hinh truy van:

F, = soft <PE a EDT) x IM 3)
=softmax | ————
¢ Vd

Trong d6: PE, ED va IM la cac anh xa dic trung (biéu dién dudi dang tensor), dugc xac dinh
nhu sau:

PE = Position_Encoder(t) € R*¢ (4)
ED = Encoder_Decoder(F,,) € R>*wxd (5)
IM = IdentitYyapping(r,, € RVW*? (6)

PE 1a 4nh xa ma hda vi tri (positional encoding) cua the tu phan tir (ky tu), t 1a d6 dai cua
chuoi ky tu; ED la ket qua thuc hién cua mang Encoder_Decoder. Mang nay c6 kien tric twong
tur nl}u: mang Unet [18]. Cac tham s6 ctia mang nay dugc mo ta cu thé trén bang 1; IM 1a mot anh
xa dong nhat (Identity Mapping).

2.2. Xir ly thong tin ngit cinh
2.2.1. Co ché tu diéu khién

Chién luoc tu didu kién bao gém céac dic diém sau dy: 1) M6 hinh ngon ngir dugce coi la mot
mo hinh ddc 1ap voi cac thap tac chir}h stra chinh ta, nhan cac vector xdc suat cua ky tu lam dau
vao va dua ra cac phén phoi xdc suat cua cac ky tu du kién; 2) Ludng gradient huan luyén bi
chan (BGF) tai cac vector dau vao; 3) Mo hinh ngdén ngir duwoc huan luyén riéng biét tir dir li€u
van ban khong dugc gan nhan (unlabeled text data).

Cho mét chudi vin ban s;., = {sq, ..., S,} V6i d6 dai n, cac phuong phap dua trén co ché tap
trung ve co ban thuc hién md hinh héa ngon ngix mot cach ngam dinh, tac la P(s; | 51,41, %),
trong do F, 1a cac dac trung hinh anh. F, c6 thé 1a mot yéu t6 sai léch tur khia canh cia mé hinh
ngon ngi, vi P(y;) duge ude luong mot phan dya trén F,. Be khac phuc diéu d6, chién lugc ty
diéu khién dinh nghia mé hinh ngdn ngit vdi gia tri xac suat P(s; | §;.;,_1) duoc tinh mot cach
chinh x4c bang cach tach riéng mé hinh du doan chudi ky tu v6i mé hinh ngdn ngit. Mit khac,
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do cac ky tu ngit canh s;.;_;duoc tinh truc tiép tir F,, yéu td sai 1éch van ton tai trong qué trinh
lan truyén nguoc. Do do, co ché BGF (Blocked Gradient Flow) dugc sir dung dé dam bao tinh
ddc 1ap cua viéc huan luyén mo hinh dy doan chuo6i va mé hinh ngdn ngit.
2.2.2. M6 hinh ngén ngir tiéng Viét hai chiéu mirc ky tw
Cho mét chudi vin ban s = (sq, ..., s,) V6i do dai van ban n va sb 16p ¢, xac suét diéu kién

cua s; cho cac mo hinh ngdén ngit muc ky tu hai chiéu va mot chicu la:

P(s; | Spy ) Sis1rSi1s +»S1)

va P(Si | Si—1, ""Sl)

[ Dy dodn xdc suat ]—> N§N|ENG _).
T { Déc trung )

_____ T_ SO i e R o
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[ . f H 12 2] N N| [G
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:[ Két hop & chuan hoa ]: | b H

' . ‘ : i Mt na {(mask) tip trung !

' Tép trung nhiéu dau g
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1

' i

! i

1 T E
0 ' NBNIENG
1 ; 34567 VM8 hinh dir dodn chudi ky tir :

| Cho phép tép trung 2| Ng&n khdng cho phép tép trung
Hinh 2. Biéu dién mé hinh ngén ngir tiéng Viét hai chiéu mirc ky tur.

Tir goc d6 1y thuyét thong tin, entropy (d6 hdn don thong tin) ciia mot biéu dién hai chiéu co
thé dugc dinh lugng la H,, = (n — 1) X log c¢. Tuy nhién, doi véi mot bi€u dien mot chicu thi
thong tin la %Z?zl ¢ —’1)log c= %Hy. Chung ta thy rang, cic phuo‘ng‘ phép7tru('wc day thu(‘)’r‘lg
st dung mot md hinh két hop (ensemble model) tir hai m6 hinh mdt chi€u. Bieu dién mot chiéu

\ A » 1 A . X e 2w \ . . s g
nay v€ co ban thu dugc > H,, thong tin, dan dén kha néng triru tegng hoa dic trung bi gidi han so
voi biéu dién hai chiéu. Dé khic phuc diéu d6, ching t6i sir dung kién tric mang BCN
(bidirectional cloze network) trong [14] dé biéu dién md hinh ngdén nglt hai chiéu muc ky tu
tieng Viét (hinh 2).

Khac vo6i Transformer thong thuong, cac vecto ky tu dugc dua vao cac khdi tap trung da dau
vao thay vi ting dau tién ciia mang. Ngoai ra, attention mask trong multi-head attention duoc
thiet ke dé tranh "nhin thay chinh n¢". Bén canh do, trong BCN khong c6 co ché self-attention dé
tranh 1o ri thong tin qua cac budc thoi gian. Co ché tap trung bén trong cac khoi multi-head
attention c6 thé hinh thic héa nhu sau:

(0, %)
M;; = {_oo, i=) ()
K; =V, = P(sp)W, (8)
F ft <QKT + M) v )
= SoItmax|{ —
mha \/a
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Trong d6: Q € R4 |a ma hoa vi tri ciia ky tu trong 16p dau tién va dau ra cua 16p cudi cing.
K,V € R4 dugc xac dinh tir xac suat ky tu P(s;) € RS; W; € R4 |a ma tran anh xa c6 thé
huan luyén duoc. M € R 1a attention mask, duoc sir dung dé ngan khong cho tap trung vao ky
tu hién tai. Sau khi xép chdng cac ting BCN thanh kién trtc sau, biéu dién hai chiéu F, cho chudi
van ban s dugc xac dinh.

2.3. Hop nhét va hi¢u chinh 15i

Phuong phap du doan song song cua Transformer sir dung dau vao nhidu, thuong 1a cac xap
xi tir du doan hinh anh hogc dic trung hinh anh. Chang han, nhu vi du dwoc thé hién trong hinh
2, ky tu ky vong & vi tri thir hai 1a “G”, & vj tri thir ba 1a “H’. Tuy nhién, c6 thé do anh bi mo, dut
nét va che khuat, ky tu thuc té nhan duoc 13 ‘6’ va ‘N’. Khi d6, ‘6’ va ‘N’ tré thanh nhiéu va lam
giam do tin cay cua dyu doan. M6 hinh hop nhat va hiéu chinh 1i lap (hinh 1) duoc dé xuat st
dung dé khac phuc van dé nay. Cu the, ddi véi mdi chudi dau vao s = (sy, ..., s,), mo hinh ngdn
ngir s€ duogc thyc hién lap di lap lai M 1an vai cac phép gan khac nhau cho s. Bdi véi lan lap dau
tién (s;=1) 1a du doan xac suat bai mé hinh du doan chudi ky tu tir hinh anh. Dbi voi cac lan lip
tiép theo (S;s,) 12 du doan x4c sudt tir md hinh hop nhét trong lan lip truée. Bang cach ndy, mo
hinh c6 thé sira chita du doan hinh anh mét cach lap di lap lai.

Mot quan sat khac la cac phuong phéap dua trén Transformer thuong gap van d& khong can
dbi vé chiéu dai hay noi cach khac 1a chiéu dai van ban duoc du doan khong ding vai thuc té.
Diéu nay din téi kho khan trong viéc hiéu chinh. Trong cach tiép can cua chung t6i, cac dic
trung hinh anh va cac ddc trung ngdén ngit dugc hop nhit nhidu lan. Trong qué trinh hop nhét, do
dai van ban duoc du doan ciing dwoc tinh chinh dan dan. Nhu vdy, co ché hop nhit & day ngoai
muc dich két hop cac thong tin ngir canh tir mé hinh ngdn ngir dé hiéu chinh, ting do chinh xac
du doan con ¢o vai tro didu chinh chiéu dai chudi duoc du doan trong qua trinh lap.

Pé cin chinh cac dic trung ngoén ngir va dac trung hinh anh, co ché cong (gated mechanism)
[14] duoc sir dung dé dua ra quyét dinh cudi cung:

FM = o([F,, F,]W;) (10)
FF=FMOF,+(1-FM)OF, (1)
Trong do, Wy € R24%4 3 mot tham sb dugc khoi tao; F,, F, Fr lan Iuot 13 cac ddc trung hinh
anh, ddc trung ngdn ngit va dic trung hop nht; o 1a ham sigmoid; FM € R4 ty dong lua chon
cac dac trung tir F, va F;.
2.4. Huén luyén mé hinh
Pé tang tinh hiéu qua, md hinh dwuoc huan luyén lién mach (end-to-end) véi cac muc tiéu da

nhiém sau:
PR 1w
. ) .
1;=/11,1;,,+MZ LHMZ £k (12)
i= i=

Trong do, L,,, L; va Ly 1a cac chi phi entropy chéo (cross entropy losses) lan luot tr F,,, F; va
Ff; L} va L} 1a cac chi phi tai lan lgp thir i; A, va 4, 1a cac hé s6 can bang; M 1a s6 1an I3p.

Bén canh do, dé phat huy loi thé cta co ché tu didu khién (autonomous) va hiéu chinh lap,
phuong phap huén luyén ban giam sat dua trén co ché tu hoc véi tap hop cac du doan lip duoc
dé xut ap dung. Y tudng co ban cua tu huin luyén nhu sau: Trudc tién, tao ra cac nhan gia bang
chinh mo hinh, sau d6 huan luyén lai mé hinh bang cach sir dung cac nhén gia bb sung. Nhu vy,
van dé chinh ndm ¢ viéc xay dung cac nhan gia chat lugng cao.

Dé loc cac nhin gia nhifu, ching t6i dua trén cac quy tic sau ddy: i) Do tin cdy tdi thiéu caa
cac ky tu trong mot vung van ban dugc coi 1a d6 chac chan cua van ban (text certainty). ii) Cac
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dy doan lip lai cia mdi ky tu duoc coi nhu mot tap hop dé 1am mo tac dong cuia cac nhan nhiéu.
Ham loc dugc dinh nghia:
C = min eEllog P(sp)]
1<t<T (13)
P(sy) = max Pn(s;)
Trong d6, € 1a sy chic chin t6i thiéu ciia mot ving vin ban. P,,(s,) 1a phan bb xac suit cua
Ky tu thir ¢ tai lan 1ap thir m. Quy trinh hudn luyén duoc mo ta trong Thuét toan 1, trong d6 T 1a
mot gia tri ngudng. B;, B, 1a cac batch huan luyén tir dir liéu c6 nhan va khong ¢ nhan, max la
sO budc huan luyén t6i da va n 1a s6 bude dé cap nhat nhin gia.

Thuit toan 1: Ty hoc két hop (Ensemble Self-training)

Dau vao:

+ Tap anh da dugc gén nhan: X

+ Tap nhan: Y (chtra toan bd nhan da gan cho tap X)

+ Tap céac anh chua gan nhan: U

Dau ra: M6 hinh duoc huén luyén

. Hun luyén cac tham s6 6o ctia mé hinh voi (X,Y) sir dung cong thic (12).
. Sir dung 6o d¢é sinh tap nhan gia V cho U

. Lay (U’, V") bang cach loc (U, V) v6i C < T sir dung cong thirc (13)
Jfori=1,..., maxdo

.if i ==n then

. Cap nhat V sir dung 6;

. Lay (U’, V") bang cach loc (U, V) v6i C < T sir dung cong thirc (13)
.end if

.Lay mdu B, = (%, Yp) & (X, Y), B, = (Up, Vi) & (W, V")

10. Cap nhat 6i vé6i B;, B, sir dung cong thirc (12).

11. end for

© 00 N O O b W N —

3. KET QUA VA THAO LUAN

Nhom tac gia sir dung moi truong python 3 dé cai dit thuat todn va mo hinh thir nghiém. Cau
hinh may chay thtr Intel core 17-9700 CPU 4.7 GHz (Max Turbo Frequency), 32 GB RAM. May
tinh dugc trang bi Card dd hoa VGA Nvidia Tesla K80 12 GB x 2 GDDRS5. Hiéu qua cua thuat
toan dugc danh gia trén 02 tap dit li¢u thir nghiém:

e VVinText [15]: La tap dif liéu vin ban ngoai canh tiéng Viét VinText duoc thu thip va cong
b6 boi Vién VinAl véi tong s6 1200 anh cho training va 300 anh cho testing. Cac anh trong tap
di liéu nay duoc thu thap ¢ khu vec Ha Noi va cac vung lan cén, rat da dang, gém anh chuyp bién
quang céo, bién tén dudng, tén cira hiéu, van phong, dong chit trén cac phuong tién giao thong,
v.v. Cac anh trong tap dir liéu nay duoc gan nhan muec tur.

e VNSceneText: La tap anh vin ban ngoai canh do nhom téc gia tw thu thap truc tiép trén
dudng phd khu vic Ba Ria — Viing Tau va thanh phd H5 Chi Minh trong diéu kién hoan toan tur
nhién bang cac thiét bi smart phone (Iphone 7, Iphone 12, Oppo Reno 8). Tap dir liéu
VNSceneText bao gom tong s6 3000 anh, trong d6 2400 anh dung cho training va 600 anh ding
cho testing. Vin ban trong tap dit liéu nay rat da dang vé chung loai, dién hinh gdm anh chup tir
bién quang cdo, bién chi dan giao thong, tén duong phd, bién hiéu trén cac toa nha, phuong tién
giao thong va anh chyp tir nhicu loai van ban gidy to khac. Dé huan luyén mé hinh, ching t6i da
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tién hélnh gan nhan muc tir (word-level-annotations). Dé c()~ dir liéu gan nhan, trude tién chung
t61 da tién hanh phén doan cac anh tir (word images) trén moi anh van ban dau vao. Toan bd tdp
tir cat dugc sau d6 s€ dugc duyét lai dé loai bo nhitng anh kém chat lwong. Tap dir liéu thu dugc
sau budc loc bao gdm 97.500 anh tir (word images) dam bao da dang vé chit luong, kiéu dang,
kich thuée, font chir.
3.1. by do danh gia
Hiéu qua cua phuorng’phép duoc dénl} gia dua trén hai d6 do chinh la d¢ chinh x4c nhan dang
va th\(‘)i gian thyc hién. D6i voi mot hé thong OCR noéi chung, d6 chinh xac nhan dang thuong dugc
do bang d6 chinh xac muirc tir (Word_Acc) va dd chinh xac muc ky tu (Char_Acc). Trong do:
e D§ chinh xdc nhdn dang mirc ky t (Char_Acc): duoc tinh bang s6 ky tu nhan dang dung
(NCy) trén tong so ky tu can nhan dang (NC):
NCr
Char_Acc = — 14
ar_Acc = = (14)
~® D§ chinh xdc mikc tir (Word_Acc): Pugc tinh bang s6 tir nhan dang dung (NWr) trén tong
s0 tir can nhan dang (NW):
NWr
NW
Trong do, moét tir dugc coi la nhan dang dung néu cac ky tu trong n6 déu nhan dang dung.

Word_Acc = (15)

3.2. Két qua thwe nghiém
Hiéu qua ctia phuong phap duoc danh gid trén hai tap dir lidu kiém thir (testing data) twong tmg
cia VinText (300 anh) va VNSceneText (600 anh). Vi cach chuén bi dir li€u twong tu nhu nhu
cong doan training m6 hinh: Cac anh trong hai tép dir liéu kiém thu trude tién duoc dua qua bo
phat hién van ban dé tim kiém va tach ra cac anh tir (word images), sau do, tien hanh gan nhan muc
tur (word image annotation). Thong tin cua hai tap dir liéu nay duoc mo ta cu thé trén bang 1.
Bdng 1. Dir liéu thir nghiém.

Tap dit ligu So tir (NW) So ky tw (NC)
VinText 12700 79375
VNSceneText 28950 196700

Do décNdiém ciu trac giénﬂg nhau nén mot s,(”') cap ky tu hoa/thudng sau day dugc quy vé cung
mot 16p mau: C/c, O/o, 0/6, 0/6, O/6, O/6, O/6, O/9, Olo, O/¢, O/6, O/F, O/6, O/g, S/s, V/v. Két
qua thyc nghiém cia phuong phap phat hién van ban ngoai canh tir anh dugc cho trong bang 2.

Bing 2. Két qua thiee nghiém.

Tép di liéu NW NC NW+ NC+ Word_Acc (%) Char_Acc (%)
VinText 12700 | 79375 | 10398 73835 81.87 93.02
VNSceneText | 28950 | 196700 | 23901 | 185547 82.56 94.33

Céc két qua thuc nghiém di chi ra phuong phap dé xuat dat do chinh xac murc tir va mirc ky
tu 1an luogt d6i véi tap dir lidu VinText 1a 81.87% va 93.02%, ddi véi tap VNSceneText 1a
82.56% va 94.33%. Cac két qua trén bang 2 dugc danh gia trén tap cac tdp dir li€u dau vao sau
khi da loai bo nhiéu va nhiing anh cé chét luong thép. Do vay, khi ap dung trong thuc té, do
chinh xé4c ciia thuat toan c thé bi giam trén nhiing anh dau vao c6 chat luong thap hodc chira
nhleu bat thuong/blen dang. DBbi véi nhimg truong hop nay, ching ta c6 thé ap dung cac k¥ thuat
tién xir ly, nan chinh va ting cuong chit luong hinh anh trudc khi thyc hién cac thuét toan phat
hién va nhén dang van ban trong anh.

Dé danh gia hiéu qua vé mat thoi gian, nhom dé tién hanh wdc luong thoi gian thue thi cua
phuong phap trén 1an luot timg tap dir liéu. Két qua thuc nghiém cho thay, thoi gian nhan dang
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trung binh ddi véi mdi anh trong tap dit liéu VinText mat khoang 0.15 gidy, va trén tip
VNSceneText 12 0.13s.

== = CONG TRUONG | x vryine —
f RUO! 0 0 THG PONG AN 0 T AN TOAN Gp40 THONG

) g lai g B ) i lai o Dirng lai quan sdat

trudc khi qua dwong "

/ /8 | /]
B
a) Anh dau vao b) Phat hién van ban trén danh C) Ket qua nhdn dang

2y,

Hinh 3. Két qud nhén dang vin ban trong anh ngoai canbh.

Bén canh d6, phén tich k§ hon cac két qua thuc nghiém cho thiy, phuong phap dé xuat dat
hiéu qua tdt trén nhiéu loai vin ban trong nhiéu ngir canh khac nhau, c6 kha niang luu giit dugc
ngit nghia van ban khi ¢6 ging nhan dang cac ky tu kho. Ngoai ra, & huan luyén thuat toan,
chung ta chi can gan nhan dir li¢u ¢ muc tir (word-level annotation) ma khong can dén dir liéu
huén luyén ding dé tao mo hinh phan loai ki ty. Tuy nhién, phwong phap cling con mot s6 han
ché nhu: Hiéu suit chua cao khi d6i mit voi cac kiéu chit viét tay hodc ngon ngit khong chuén.

4. KET LUAN

Trong bai bao nay, ching t6i dé xuat mot mé hinh hidu qua dé giai quyét bai toan nhan dang
van ban tiéng Viét trong anh ngoai canh dya trén nén tang hoc sau. M6 hinh nhén dang duoc dé
xuit dua trén y tuong két hop ba ludng xtr Iy dong thoi trong mot cong doan nhan dang, bao
gém: Nhén dang (du doan) chudi ky tu tir hinh anh; Xir 1y ngir canh; Hop nhat va hiéu chinh
chinh 15i. Céac két qua thuc nghiém cho thiy phuwong phap dé xuét dat hidu qua tdt trén nhiéu loai
vin ban trong nhidu ngit canh khac nhau, c6 kha ning luu giit duoc ngir nghia vin ban khi ¢
gang nhan dang cac ky tu kho. Dé huan luyén thuét toan, ching ta chi can gan nhan dit liéu &
mirc tir (word-level annotation) ma khong can dén dir liéu huan luyén ding dé tao mo hinh phan
loai ki ty. Tuy nhién, phuong phap ciing con mot s6 han ché nhu: Hiéu suat chua cao khi ddi mit
v6i cac kiéu chir viét tay hodc ngdn ngit khong chuan. Trong thoi gian toi, nhom tac gia sé tiép
tuc cai thién thuat toan dé ting kha ning thich nghi va ddi pho véi cac trudong hop vin ban dau
vao bat thuong, ¢6 hinh dang phuc tap.

Loi cam on: Nhom tac gid xin chdn thanh cam on nhiém vu cao cap, ma sé NVCC02.01/23-23 da hé
tro trong qud trinh thuc hién nghién ciuu nay.
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ABSTRACT

Vietnamese text recognition in scene images using deep learning

This article proposes an effective method for recognizing Vietnamese text in scene
images. The proposed method is based on the idea of combining three processing tasks
simultaneously in one recognition stage, including (i) Recognizing (predicting) character
sequences from images; (ii) Context processing; and (iii) Fusing and iterative correction.
The effectiveness of this method was carried out on two Vietnamese scene image datasets
collected from reality: VinText and VnSceneText. Experimental results show that the
proposed method is capable of detecting text of any shape and size with high and stable
accuracy. Specifically, the method achieves word-level accuracy, character-level accuracy
is (81.87%, 93.02%) and (82.56%, 94.33%) for the test datasets, respectively.

Keywords: Detection; Recognition; Feature; Probability; Accuracy.
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