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Abstract— Bai bao nay dé xuit mot giai phap dé nang
cao hiéu qua phat hién van ban tiéng Viét trong anh ngoai
canh. V& co ban, phuong phap phat hién van ban & day
dugc dé xuit dua trén y tuong xdy dung co ché tap trung
ngit canh (context attention) dé hoc cac thudc tinh hinh
hoc khac nhau nham tai tao lai biéu dién da giac cua cac
ving van ban. Hiéu qua cua phuong phap da dugc kiém
nghiém trén hai tp dir liéu ngoai canh tiéng Viét, bao
gbém: VinText va VnSceneText. Cac két qua thyc nghiém
cho thdy phwong phap dé& xuat c6 kha niang phat hién
duogc cac van ban tiéng Viét ¢ hinh dang va kich thuéc
bét ky véi d6 chinh xac cao va én dinh. Cu thé, phuong
phap dat Precision (d6 chinh xac), Recall (d6 phu),
Hmean (d0 trung binh diéu hoa) trén tap VinText la
(85.63%, 87.94%, 86.77%) va trén tdp VnSceneText la
(85.14%, 87.23%, 86.17%). Cac két qua thuc nghiém cho
thdy day 1a mot hudng tiép can kha thi ddi voi viée phat
hién vian ban tiéng Viét trong anh ngoai canh.

Keywords— Vin ban ngoai canh, anh ngoai canh, ving
van ban, phan doan, phat hién, dac trung, anh xa, do chinh
xac, d6 phu, d¢ trung binh diéu hoa, tich chép, scale,
batch, batch normal.

. MOPAU

Anh vin ban ngoai canh (scene text image) 1a nhiing
hinh anh chira van ban dugc chup trong mot moi trudng
tu nhién (ngoai canh) ma khong phai la van ban trong tai
lidu dugc quét hodc trong moi truong s hoa. Vin ban nay
c6 thé xuat hién trén cc bé mat khac nhau nhu bién béo,
quéang céo, bang chi dan, bang menu, tén dudng, va nhiéu
d6i tuong khac trong doi song hang ngay.

Phat hién van ban trong dnh ngoai canh (scene text
detection) hién dugc tng dung rat phd bién trong thyc té,
dién hinh nhu nhan dang bang hi¢u, hop san phém, nhin
hang, v.v gitip cai thién hiéu biét ciia khach hang vé san
phém hodc dich vu; Poc va nhan biét nhan, thong $6 ky
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thuat trén cac linh kién. Nhan dang bién bao giao thong
hd trg nguoi khiém thi, xe tu hanh, v.v.

So vé6i bai toan OCR truyén thng, viéc phat hién phat
hién vin ban tiéng Viét trong anh ngoai canh thudng c6
d6 phuc tap 16n va phai d6i mat v6i nhiéu thach thirc do
cac nguyén nhan sau: i) Anh c6 d6 phirc tap cao do chira
nhiu loai ddi twong va nhidu khac nhau; ii) Vin ban
trong anh thuong khong chuén (irregular) voi nhiéu hinh
dang, kich thudc, hudng, mau sic va kiéu chit khac nhau;
iii) Khong c6 sy dong nhét giita cac hinh anh do anh dwoc
chup tur nhiéu g6c d9, khoang cach, anh sang va d phan
giai khac nhau; iv) Van ban c6 thé bi che khuat boi cac
dbi twgng khac trong anh hodc boi cac yéu té khac nhu
mo, tdi, choi sang hodc nhidu; v) Bai toan phét hién vin
ban ngoai canh thuong phai xu Iy mot lugng 16n cac hinh
anh hodc video, diéu nay doi hoi cac thudt toan phai co
kha nang xur Iy dit liéu nhanh va hiéu qua.

béi véi viée phat hién van ban ngoai canh tiéng Viét,
ngoai viéc phai ddi mit véi cac thach thic cia bai toan
phat hién van ban trong anh ngoai canh noéi chung, con
gdp phai nhiéu kho khan, thach thie do dic diém céu trac
va ngdn ngit, dién hinh nhu:

¢ Phurc tap vé& ngit phap va cdu tric: Cau trac tiéng
Viét phuc tap hon véi viéc st dung déu thanh diéu chinh
ngir diéu cua tir ngit, cling nhu cach viét lién va cach viét
tach giita cac tir ghép, diéu nay tao thém thach thirc trong
viéc nhan dang va phén biét cac tur va cum tir. Bén canh
d6, cac tang dau thanh trong anh ngoai canh doi khi dugc
in An rat ngdu hung, c6 thé gay ra van d& dinh chit va dinh
dong trong van ban, lam gidm d¢ chinh xac trong phat
hién va nhan dang.

¢ C& chir va hinh thirc biéu dat: Su da dang vé ¢& chit
va phong cach thé hién, nhét 1a trong cac bién hiéu, quang
cdo, gay kho khan khi phai nhan dang tir trong mot buc
anh v&i nhiéu style khac nhau.

¢ Sy dong nhét vé mat hinh thirc: Mot sb tir trong tiéng
Viét c6 thé viét rat gin nhau vé6i chi sy khac biét nho vé
dau thanh, diéu nay can tré viéc nhan dang chinh xac
100% ma khong can dén ngit canh.

Thyc té cho thdy dé dam bao do chinh xac nhan dang
can c6 thém tich hop cac co ché xir 1y riéng biét phu hop
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v6i cac dic thu cua tiéng Viét. Bai bao nay dé xudt mot
phuong phép hiéu qua dé nang cao hiéu qua phat hién van
ban ngoai canh tiéng Viét dya trén hoc sau. Trong d6 kién
tric mang hoc sdu & ddy dwoc chia thanh 04 khéi chinh:
Khdi thi nhit duoc thiét ké dudi dang mot kién trac
backbone dé trich chon dic trung tir mdi anh dau vao.
Khéi thtr 2 ¢ dang mot kién truc mang kim ty thap
(Feature Pyramid Network - FPN) c6 nhiém vu hop nhat
céc ddc trung dugce trich chon tir khéi thir nhat. Khéi tap
trung ngit canh (khdi thir 3) bao gdm cac 16p tich chap
dugc xdy dung dua trén co ché tap trung (attention), c6
kha ning tw dong hoc cac thong tin ngir canh dé lya chon
cac dac trung co6 tinh dai dién tdt hon. Cac dau ra thu
dugc tir khdi tap trung ngit canh sé duoc truyén dén khoi
thir 4 (phan ving van ban) dé tai tao hinh anh cac ving
van ban dugc phat hién.

Cac dong gop chinh cta chung t6i trong bai bdo nay
bao gom:

Tht nhét, chung t61 da d& xuét mot kién tric mang hoc
sau (end-to-end), tich hop nhiéu coéng doan trong mot
bude xir Iy dé trich chon didc trung van ban tiéng Viét
trong anh ngoai canh. Kién trtc nay it nhay cam véi nhiéu
cling nhu hudng ctia van ban va cé kha nang thich nghi va
giai quyét tot ddi v6i cac van ban c6 hinh dang bét ky bao
gdm ca cac vian ban cong (curve text).

Thir hai, ching t6i da tich hop co ché tip trung ngit
canh (contextual attention mechanism) cho phép mé hinh
hoc céch tao ra mdt ma tran trong s6 (duoc goi 1a ma tran
attention). Ma tran nay chi ra mirc d6 quan trong ctia mdi
pixel trong anh dbi vé6i viéc phat hién van ban. Cac ving
c6 gia tri attention cao hon s€ dugc mo hinh tép trung
xem xét. Piéu nay giup giam thoi gian xir 1y cua thuat
toan ciing nhu giam anh huéng cia nhiing yéu té khong
quan trong trong hinh anh. Tur d6 giup cho cac cong doan
phéan vung van ban va hau xur ly phia sau don gian va hiéu
qua hon.

Céc ndi dung con lai cua bai bao dugc trinh bay nhu
sau: Phan 2 trinh bay tom luoc cac hudng tiép can lién
quan. Y tudng chinh va cic budc thuc hién cia phuong
phap dé xuat dugc moé ta chi tiét trong phan 3. Phan 4
trinh bay qua trinh kiém thir va danh gia hiéu qua cua
phwong phap. Mot s6 két luan va hudng phat trién duogc
dé cap trong phan 5.

ll. HPONG TIEP CAN LIEN QUAN

Nhu da phén tich & trén, do cac van dé thach thirc thuc
té d6i v6i bai toan phat hién van ban ngoai canh. Hau hét
céc phuong phap dugce dé xuét trong vai nam tro lai day
déu theo hudng tiép can hoc sau. V& co ban, cé thé phan
chia cac phuong phéap nay thanh ba huéng tiép can chinh:
Dua trén hdi quy (bounding-box regression based), dwa
trén viéc phat hién tirng phan vin ban (part-based) va diwa
trén phan ving (segmentation-based).

Huéng tiép can tha nhit (bounding-box regression
based) sir dung cac mé hinh hdi quy dé du doan cac hop
gidi han (bounding-box) ctia cac vung van ban. M. Liao
va cong su [10] da hiéu chinh cac anchors va ty 1€ clia céc
nhan tich chap dua trén SSD [11] dé phat hién van ban.
Trong [12]- [13], cac tc gia da ap dung tir giac hdi quy
dé phat hién van ban da hudng. P. He va cong sy [14] da
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dé xuat mot co ché tap trung (attention mechanism) dé
xac dinh so b cac vung van ban. Trong [15], cac tac gia
dé xudt phuong phap RRD dua trén viéc tach rdi phén
loai va hdi quy. Trong [16], [17] tac gia dé& xuét cac
phuong phdp khong st dung anchors (anchor-free), &p
dung hdi quy ¢ mirc diém anh (pixel) cho cic ving vin
ban da hudéng. L. Xie va cong sy [18] da gidi thiéu mot
kién tric mang RPN (Region Proposal Network) dé xir 1y
van dé chuan hoa (scale) trong phat hién vin ban ngoai
canh. Nhin chung, cac phuong phap dua trén hdi quy
thudong str dung céac thudt toan hau xu ly don gian nhu
NMS (Non-Maximum Suppression) Tuy nhién, hau hét
cac phuong phap nay déu khong dat dugc do chinh xac ky
vong ddi véi cic van ban dau vao c6 hinh dang bét
thuong (chang han hinh dang cong — covered text).

Trong hudng tiép can dua trén phat hién timg phan van
ban, B. Shi va cong sy [19] da dé xuét phwong phap phét
hién cac hop gidi han (bounding boxes) cua cac doan van
ban va dy doan cac lién két ciia ching dé xur Iy cac ving
van ban dai (long text). J. Tang va cong su [20] di d& xuét
mot thuit toan nhom cac thanh phﬁn nhén biét ca thé
(instance-aware) dé phan tach cac ving van ban mot cach
hiéu qua hon va cai thién thuat toan lién két dé phu hop
v6i cac vung van ban cé hinh dang tuy y. Cac phuong
phép nay nhin chung dat dwoc hiéu suat tot trong viéc
phat hién cac dong van ban dai. Tuy nhién, cac thuat toan
lién két kha phtrc tap vai siéu tham sé dugc tao bang tay,
dan t6i kho diéu chinh thuat toan va kha ning thich nghi
voi sy da dang cua dir ligu dau vao khong dat hiéu qua
cao.

Céc phuong phap dua trén phan doan thuong két hop
du doan mirc diém anh va thuat toan hau xu ly dé xac
dinh cac hop gidi han (bounding boxes). Zhang va cong
su [21] da phat hién vin ban da hudéng bang phan doan
nglr nghia va céac thuat toan dua trén MSER. Xue va cdng
su [22] da st dung cac duong bao dé phan tach cac ving
véan ban. Trong [23], [24] cac tac gia phat hién cac ving
van ban c¢6 hinh dang tiy ¥ theo hudng tiép can instance
segmentation (phan doan cé thé) dya trén Mask R-CNN
[25]. W. Wang va cong su [26] da dé xuit mé rong chudn
hoa iy tién (progressive scale) bang cach phan doan cac
ving van ban véi cac nhan chuén hoa (scale kernels) khac
nhau. Tian va cong sy [27] di dé xuit co ché nhing pixel
(pixel embedding) dé gom nhom cac pixel tir két qua phan
doan. Trong [10] va [27], céc tac gia dd dé xuat cac thuat
toan hau xtr Iy m&i cho két qua phan doan, dan dén téc do
suy luan (inference) thap hon.

Céc phuong phap nhanh dé phat hién van ban trong dnh
ngoai canh tip trung vao ca do chinh xac va téc do
inference. Gan dy, Pengfei Wang va cong su [28] da dé
xuét phuong phap SAST dé phat hién van ban ngoai canh
v6i hinh dang bét ky. Phuong phap nady sir dung mot
framework huén luyén da nhiém (multi-task) tip trung
theo ngit canh duya trén mang kién triic mang FCN (Fully
Convolutional Network) dé hoc cac thudc tinh hinh hoc
khéc nhau nham tai tao lai biéu dién da giac cua cac vung
van ban. Cac két qua thuc nghiém cho thay SAST c6 kha
nang phat hién van ban ngoai canh c6 hinh dang bét ky
vO1 d6 chinh xac cao va tde dd xtr Iy nhanh. Tuy nhién,
phuong phéap nay con bi han ché trong viéc phat hién cac
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ky ta qua 16n hodc qua nho va van ban trong anh cé do
cong 1én. Zhu va cong su [29] dé xuat phuong phap FCE
(Fourier Contour Embedding) dé biéu dién chu tuyén cua
cac van ban cé hinh dang tuy v dudi dang ky cac ky hiéu
phd nho gon va xay dung kién trac mang FCENet véi mot
mang backbone, mang FPN (feature pyramid networks)
va mot mo hinh hau xir Iy don gian vé&i phép bién doi
Fourier ngugc (IFT) va thuit toan NMS (Non-Maximum
Suppression). Cac két qua thuc nghiém cho thiy phuwong
phép nay dat d¢ chinh x&c cao trén cac tap dir li¢u
CTW1500 va Total-Text. Tuy nhién, phuong phép nay
gdp han ché trong trudng hop vin ban va nén khong cé su
tuong phan 18 rét hodc van ban c6 kich thudc qua 16n. M.
Liao va cong su [30] dd d¢ xuat phuong phép phat hién
van ban c6 hinh dang bét ky dua trén viée sir dung thuat
toan nhi phan hoa kha vi (Differentiable binarization) va
co ché ASF (Adaptive Scale Fusion) dé két hop thong tin
tir cac ty 1€ (scale) khac nhau cua anh mot cach linh hoat.
Phuong phép niy c6 kha ning giai quyét bai toan phat
hién cac van ban bi méo, cidc van ban c6 hinh dang va
kich thugc bt ky mot cach hiéu qua (dat d6 chinh xac cao
va thoi gian xir Iy nhanh). Tuy nhién, hiéu suit cua
phuong phép co thé bi giam dang ké ddi v6i cac van ban
¢6 nhiéu nhidu. Ngoai ra, hiéu qua ctia phuong phap con
bi phu thudc vao ngudng scale dugc chon (phuong phap
dat hiéu suét cao néu ngudng scale dugc chon phu hop
v6i anh dau vao).

D6i v6i bai toan phat hién vin ban ngoai canh tiéng
Viét, nhom da khao sat va ap dung thu nghiém mot )
kién tric mang hoc sdu tién tién nhu EAST [16], SAST
[28], DB [29] (hién dang 1a cac kién trac mang dugc danh
gia cao vé miat do chinh xac cling nhu hiéu sult déi voi
céc ngdn ngir khong dau dién hinh nhu tiéng Anh, Dirc).
Tuy nhién, cac két qua thuc nghiém cho thiy d6 chinh xac
clia cac phuong phap nay khong dam bao dbi véi viée
phat vin ban tiéng Viét. Cu thé, cac phuong phéap thuong
mic 16i phat hién so6t cac tﬁng déu hodc bi phat hién nham
cac tir /cum tir ma c6 ting dau in khong chuan (cach xa ky
tu hodc tang ddu xudt hién tai vi tri gdy nhap nhang gitia
chc tir/cum tir) ¢6 nhiéu ting d4u nhu ddu mil, du thanh
trén, ddu thanh dudi. Hinh 1 thé hién két qua thyc té cua
phuong phap DB[29] trén tap dir liéu tiéng Viét. Trong
do, cac tﬁng dau bi phat hién sai dugc danh dau boi cac
hinh elip mau do.

Hinh 1: Két qua thire nghiém ciia phwong phdp DB[29]

Khéo sat thyuc t& cho thdy cac két qua nghién ciru trong
phat hién va truy xuat van ban tiéng Viét trong anh ngoai
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canh hién con rit han ché. C6 mot vai két qua nghién ctru
tiéu biéu trong nhan dang vin ban ngoai canh tiéng Viét
duogc di duoc cong bd gan day [31], [32]. Trong [31], cac
tac gia tap trung chinh vao kh&u nhdn van ban (text
recognition). Nhom tac gia di d& xuat mot cach tiép can
két hop tir dién vao ca giai doan trainining va inference
ctia hé théng nhan dang van ban trong anh ngoai canh. Tur
dién duoc st dung dé tao ra mot danh sach cac két qua co
thé va tim kiém két qua pht hgp nhit voi hinh thic hién
thi ctia van ban. Phuong phép nay glup xtr 1y tot hon cac
tru(yng hop mo ho gip phai trong thyc té, va cai thién hiéu
sudt tong thé cia cac framework nhan dang van ban.
Nhom tac gia da dong gop cho cong dong tap dir liéu van
ban ngoai canh VinText, phuc vu viéc nghién clru va céi
thién chét luong cac thuat toan. Trong [32], nhém tac gia
trinh bay két qua thuc nghiém ciia mét sé phuong phéap da
c6 nhu DBN, PMTD, PAN, FCENet, RCNN, SATRN,
NRTR, RS trén tap dir liéu VinText.

. PHWONG PHAP PHAT HIEN VAN BAN NGOAI
CANH

Ké thira tir cac hudng tiép can da co [16], [28], [29],
chung t6i dé xuét kién tric mang hoc sdu véi cac khoi
chirc ning chinh: Trich chon dic trung, hop nhét dic
trung, tap trung nglt canh va phan vung van ban. Trong
do6, cac 16p mang trong khdi tap trung ngit canh dugc thiét
ké didc biét dwa trén cdu trac ngdn ngir tiéng Viét nhim
tang cudng cac dac trung dai dién, gitp tang do chinh xac
ctia cong doan phan ving van ban. Phuong phap d& xuit
tap trung vao hai muyc ti€u chinh:

Thir nhat, mé hinh ¢6 kha nang phat hién vin ban ngoai
canh c¢6 hinh dang va kich thudc bét ky voi do chinh xac
cao va toc do xir 1y nhanh;

Thir hai, md hinh c6 kha nang xir 1y tot di voi cac tang
ddu mii va ddu thanh diéu trong tiéng Viét.

Céc budc co ban trong quy trinh phat hién van ban
ngoai canh ctia phuong phap dé xuat dwoc mé ta cu thé
trén Hinh 2. Tir mdi anh dau vao bat ky, trudc tién s&
dugc dua qua mot mang co so (backbone) dé tu dong
trich chon cac dac trung. Cac dac trung duogc trich chon
sau d6 s& duoc dua qua mo hinh hop nhat. Mé hinh hop
nhéit dugc thiét ké dic biét nham tich hop va biéu dién cac
dic trung theo nhidu ty 16 khac nhau. Co ché xir Iy nay
hudng téi muyc tiéu giai quyét duge cac ving van ban c6
kich thudc khac nhau.

Hinh 2: M6 hinh phat hién van ban ngoai canh

Céc két qua dau ra thu dugc tr md hinh hop nhét s&
tiép tuc dugc chuyén téi mo hinh tip trung ngit canh
(context attention mechanism) dé tich hop cac phu thude
xa cua cac diém anh nhim thu duogc cac déc trung c6 tinh
dai dién tbt hon, giup tang do chinh xac cda thuat toan
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phan doan & budc sau. Két qua thu dwoc tir bd tap trung
nglt canh duge st dung 1am d4u vao cho cong doan phan
vung van ban (text instance segmentation). Budc phan
vung van ban cé nhiém vy dinh vi (xac dinh vi tri va hinh
dang) ciia cac ving van ban trong anh dau vao. Phan sau
day chung t6i s€ mo tad cac cong doan thyc hién cua
phuong phap dé xuat mot cach chi tiét va cu thé hon.

1. Trich chgn dic trung

Pé trich chon dic trung trén mdi anh dau vao chung t6i
sir dung kién trac mang backbone ResNet-50.. Kién trac
nay gém 50 16p (layer): Zero Padding (Lép dém), CONV
(Lép tich chap - Convolution), Max poolling, cac Conv
Block (Khdi tich chap), cac ID Block (Identity block —
Khéi dinh danh), Avg Pooling (Average Pooling) va
Flattening. Qua trinh thyc hién ctia mang dugc chia thanh
6 stage (cong doan). Kién tric cua stage 1 bao gdbm 03 16p
tich chap (CONV), 64 filters (kich thuéc 7x7), stride (kich
thudc 2x2), chuin hoa BatchNorm, MaxPooling (3x3).
Stage 2 bao gom 01 khéi Convolutiontal (Convolutiontal
block) va 02 khéi Identity (Identity block), 256 filters
(kich thudc 2x2), stride (kich thudc 2x2). Stage 3 bao gom
01 khdi Convolutiontal va 03 khéi Identity, 1024 filters
(kich thudc 2x2), stride (kich thudc 2x2). Stage 4 bao gom
01 khdi Convolutiontal va 05 khdi Identity, 1024 filters
(kich thudc 2x2), stride (kich thudc 2x2). Pau ra cua stage
4 (FMS4) gdom 1024 anh xa dic trung, kich thudc 48x64.
Stage 5 bao gdm 01 khéi Convolutiontal va 02 khéi
Identity, 2048 filters (kich thudc 2x2), stride (kich thudc
2x2). Stage 6 bao gdbm 01 khdi Convolutiontal va 02 khbi
Identity, 2048 filters (kich thudc 2x2), stride (kich thudc
2x2). Chu trac mdi khdi Conv gdbm bén 16p tich chap
(conv) va mét 16p két hop (concat).

2. Hop nhit dic trung

Trong kién tric mang dé xuat, viéc hop nhét dic trung
nham tich hop va biéu dién cac dic trung theo nhiéu ty 18,
giup phat hién cac vung van ban c6 kich thudc khac nhau.
Vé co ban, kién trac ciia mo hinh dugc xdy dung dudi
dang mot mang FPN (Feature Pyramid Network). Mang
nay duogc kién trac boi hai ludng: Tir du6i 1én (bottom-up
pathway) va tu trén xuéng (top-down pathway) Ba gia tri
trong mdi 16p mang lan luot trong mg sé kénh (channel)
chidu cao va chiéu rong ciia cac anh xa dic trung dau ra.
Ludng dudi 1én (bottom-up pathway) déng vai trd nhu
mdt mang encoder dé trich chon dic trung, cang lén cao
do phén giai (resolution) va kich thudc dic trung cang
giam nhung sé filters (twong tmg véi sé anh xa dic trung
dau ra) va thong tin ngit canh cang ting. Ludng bottom-
up tra vé 128 4nh xa dic trung (twong mg véi 128 kénh
dau ra).

Ludng tir trén xudng (top-down pathway) dong vai tro
nhu mdt mang decoder c¢6 nhi¢m vu tai tao lai dbi tuong.
Qua trinh thyc hién cta top-down pathway nguoc lai voi
bottom-up pathway: cang di xubéng do phan giai cang
tang, kich thudc dic trung cang tang, s filter (so anh xa
dac trung dau ra) cang giam. Téap anh xa dac trung nay
tiép tuc dugc cung cap cho mo hinh tap trung nglr canh
(context attention) nham thu dugc cac dic trung co tinh
dai dién tot hon, gitp tang do chinh xac phat hién/phan
vung van ban & cong doan sau.
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3. Co ché tap trung ngir canh

M6 hinh tap trung ngit canh (contextual attention
model - Hinh 3) ké thira co ché ty tap trung trong [28],
[33]. Muc tiéu ciia m6 hinh tap trung ngit canh nham tong
hop cic thong tin ngit canh (mirc cao) dé tang tinh dai
dién cta cac anh xa dac trung, giup ting do chinh xac cia
cong doan phat hién/phan ving van ban & budc sau. Cac
budc thuc hién cua mo hinh tip trung ngtr canh dugc mod
ta cu thé trén Hinh 3.

CONTEXTUAL ATTENTION BLOCK
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Hinh 3: M6 hinh tdp trung ngit canh (Context Attention)

Khéi tap trung (Contextual Attention Block) tinh toan
cac ma trén attention tir cac dac trung ngang hoac doc va
tich hgp thong tin ngir canh qua phép nhdn ma tran
attention va dic trung gdc. Cac phép b1en dbi dwoc st
dung trong khdi tap trung ngit canh bao gom:

Phép chuyén vi tdp anh xa déc trung [ ]
Reshape tap anh xa dic trung
Nhén hai tap anh xa dac trung &
Két hop (concat) hai tap 4nh xa dic trung @

Dé giam chi phi tinh toan, co ché tap trung ngit canh &
day chi xem xét sy twong dong ctia mdi vi tri trong anh xa
déc trung (feature map) véi cac vi tri khac trong cung cot
(ngit canh theo chidu doc) hodc hang (ngit canh theo
chidu ngang). Tir So dd thyuc hién trén Hinh 3 cho thiy
khdi tép trung ngit canh dwoc ap dung hai lan lién tiép
nham muc dich 14y duoc ca cac phu thudc gin va xa cho
mdi diém anh. Co ché thuc hién cu thé nhu sau:

Tir ddu vao 1a tap anh xa déc trung F (thu duge tir mo
hinh hop nhét), kich thuéc NxHxWxC, véi N, H, W, C
1an luot 1a s6 lwong 4nh xa dic trung dau vao, chidu cao,
chiéu rong va s6 kénh ctia mdi 4nh xa dic. Thuat toan tap
tap trung ngit canh bao gdm cac budc dugec mod ta cu thé
nhu sau:

Thudt todn 1: Tap trung ngir canh cau tric tiéng Viét

1: Thyc hién 3 16p tich chdp (CONVI1, CONV2,
CONV3) 1x1 mét cach song song dé thu dugc 3 tap anh
xa déc trung Fq, F> va Fa.

2: Chuyén vi F1 va reshape két qua vé kich thudc
{NxH}xWxC;

3: Nhan F, véi tp anh chuyén vi thu duoc ¢ B2 va
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reshape két qua vé kich thudc {NxH}xWxW;

4: Nhéan F; voi tap anh xa tich thu dugc ¢ B3 va reshape
két qua vé kich thudc NxHxWxC.

5: Chuyén vi F37 va reshape két qua vé kich thudc
{NxW}xCxH;

6: Nhan F27 véi tap anh xa chuyén vi thu duge & B5 va
reshape két qua vé kich thudc {NxW}xHxH;

7: Nhan F17 véi tap 4nh xa tich thu dugc & B6 va
reshape két qua vé kich thudc NxWxHxC.

Bdn bude dau tién trong Thuat toan 1 duoc thuc hién
dé lay thong tin ngit canh tai mdi diém duoc xét theo
chiéu ngang va ba budc con lai dé ldy thong tin ngir canh
theo chiéu doc. Viéc thu thap thong tin ngit canh theo
chiéu doc dugc thuc hién dua trén cac tip anh xa dic
trung chuyén vi. Cu thé, ba 16p tich chap (CONVIT,
CONV2T, CONV3T) dugc thuc hién song song dé thu
duoc 1an lugt 03 tap anh xa chuyén vi twong tmg (F17,
F2T, F3T) vé6i shape NxWxHxC.,

Trong mé hinh tap trung, ludng short cut (short-cut
path) dugc sir dung trong kién trac véi muc dich bao toan
cac dic trung cyuc bd. Thao tadc hgp (concat) tip anh xa
ngit canh theo chiéu doc, tap anh xa ngit canh theo chiéu
ngang va tap dic trung short cut path dé thu duogc tap dic
trung dau ra F!va giam s6 kénh dau ra bang mot 16p tich
chap 1x1. Co ché nay cho phép khéi tap trung ngit canh
tong hop cac thong tin ngit canh theo ca hai huéng doc va
ngang cho mdi diém anh. Két qua ap dung tp trung ngit
canh lan 1 trén tap anh xa dac trung dau vao F dugc thé
hién trén Hinh 4.

F _ _ F1

» [ 11

Hinh 4: Ap dung tip trung ngit canh lan 1 trén tip F

Do cac 16p tich chap (CONV1, CONV2, CONV3) va
(CONV1T, CONV2T, CONV3T) chia sé cac trong sd nén
viéc tiép tuc ap dung khdi tap trung ngit canh trén tap F*
s& cho phép mdi diém anh 13y duogc cac phu thudc xa hon
tir tat ca cac diém anh con lai. Hinh 5 cho thay sau khi &p
dung khéi tap trung ngit canh 1an 2, cac phy thudc xa ddi
v6i mdi diém anh di duoc ting cuong. Noi mot cach khac
1a tip anh xa F? giau thong tin ngit canh hon tap F.

ATTENTION

Hinh 5: Ap dung khéi tap trung ngit canh trén tip F*

Co ché xtr Iy nay ciing gitip giam bot céc van dé gay ra
do kha ning tiép nhan han ché khi xir 1y cac van ban kho
hon, chéng han nhu van ban dai. Tap anh xa dac trung
ngit canh F? s& tiép tuc dugc su dung dé du doan cac dic
trung (tri thirc) mirc cao clia cac ving van ban nham nang
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cao do chinh x4c cua thudt todn phan vung van ban.
Trong cach tiép can nay, bbn loai dic trung mire cao dugce
quan tdm chinh bao gom: Dudng tam (center line) cua
ving van ban cac diém bién (bounder point), cac diém
gbc cua hinh da giac bao vung van ban, do Iéch (offset)
ctia cac diém nam trén dudng tim véi cac diém bién. Viée
trich chon cac déc trung muc cao ¢ day dugc ddm nhiém
boi bon khéi song song trong mot mang FCN - Fully
Convolutional Network (dugc mo ta ¢ cudi Hinh 3). Mdi
khdi dugc cdu trac voi 4 16p tich chap 1x1.

p1 P.upper P2

A \
I
p ,’Center line

T

- >@€—--

P4 Plower p3

Hinh 6: B¢ léch diém p thude A va cdp diém bién trén, dudi

Pau ra ciia mdi khéi tuong tng voi moét loai anh xa dac
trung muc cao can xéac dinh. Cu thé, khdi tich chap thu
nhét cho phép du doéan anh xa dac trung biéu dién duong
tdm van ban C_Map (anh xa duong tim C - Hinh 3).
Khdi tich chap thir 2 cho phép du doan anh xa dic trung
TBO_Map (4nh xa TBO - Hinh 3). Anh xa nay xac dinh
cip diém bién trén (pupper), dudi (Piower) ctia mdi diém p
trong anh xa duong tam C va udc lugng do léch (offset)
gifra chung.

Khéi tich chap thtt 3 cho phép du doan 4nh xa
FBO Map (anh xa FBO - Hinh 3). Anh xa nay xac dinh
bdn diém goc cia mdi ving van ban (vi du bdn dinh py,
P2, P3, Pa trén Hinh 6) va uwéc lugng d6 1éch (offset) cua
bdn diém nay so voi cac diém anh (pixel) trong anh xa
duodng bién C. Khéi tich chap tht 4 cho phép du doan anh
xa TCO_Map (anh xa TCO), xac dinh d¢ léch (offset)
giita cac diém anh (pixel) trong 4anh xa duong tim C va
diém tam ctia hinh bao (bounding box) cua khdi vin ban.

4. Phan vung van ban

Phan vung Ve'ln ban (text instance segmentation) la
bude xtr 1y cudi cung trong quy trinh phat hién van ban.
Pau vao cua bude nay bao gdm cac anh xa ddc trung thu
duoc tir mo hinh tap trung nglt canh ¢ budc trén.

Phan vung van ban 1a viéc xac dinh vi tri cac vung van
ban (dwoc thé hién boi cac hinh da giac bao cua ching)
trong anh dau vao. Ké thira y tuéng trong [16], [28], [34],
[35], thuat toan phan ving van ban dugc tién hanh nhu
sau:

Thudt todn 2: Phan ving van ban

1: Xac dinh duong tdm (center line) cta cua vung van
ban.

2: Liy mau cac diém tdm (center point) trén dudng
center line.

3: Trich chon cac diém bién ciia viing vin ban.

4: Gom nhoém cac diém bién theo chiéu kim ddng hd dé
tao thanh cédc vung van ban.
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Trong d6 duong tdm van ban dugc xem nhu hinh anh
thu nho ciia vung van ban (Hinh 7). Viéc xac dinh dudng
tdm van ban dugc thyc hién dya trén 4nh xa duong tdm C
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(da dugc xay du’ng tr mo hinh tap trung ngit canh & trén).
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Hinh 7: Duong tam van ban

Phuong phap 1dy mau cac diém tdm dugc thuc hién tir
trai sang phai ctia duong tam, cac diém tim dugc lay theo
cac khoang cach déu nhau. Dya trén cic diém tim dai
dugc ldy mau, budc xir 1y tiép theo sé& tién hanh xac dinh
céc cdp diém bién. Cudi cung, tién hanh lién két cc diém
bién theo chidu kim ddng hd, chung ta s& thu dugc hinh
bao day du (vi tri va hinh dang) ciia cac ving van ban.

IV. DANH GIA THU'C NGHIEM

e Moi truong thuc nghiém

Nhom tac gia sir dung moéi truong python 3 dé cai dat
thuét toan va mo hinh thir nghiém. Cau hinh may chay thir
Intel core i7-9700 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 GDDR5.

o Dt liéu thuc nghiém

Pé danh gi4 hiéu qua ctiia phuong phéap, nhom tac gia
dd tién hanh thuc nghiém trén 02 tap di li¢u van ban
ngoai canh tiéng Viét: VinText vd VNSceneText. Thong
tin cu thé nhu sau:

y W

-
Rl .,MmHANG :
iy

‘ VAo cay
im0518,jpg im0519,jpg im0520,jpg im0521,jpg

Hinh 8: Tdp dir liéu VinText

+ VinText. Tap dir liéu van ban ngoai canh tiéng Viét
VinText duge thu thdp boi Vién VinAl [31], véi téng sb
1200 anh cho training va 300 anh cho testing (Hinh 8).
Céc anh trong tip dir liéu nay dugc thu thap ¢ khu vuc Ha
Noi va cac vung lan céan, rat da dang, gém anh chup bién
quang cao, bién tén duong, tén ctra hi€u, van phong, dong
chit trén cac phuong tién giao thong, v.v. Cac anh trong
tap dir liéu nay duoc gan nhan muc tu.

IMG20230510175326 09 MG2023

IMG20230510175331jog IMG20230510175333j0g

Hinh 9: Tdp dir liéu VNSceneText

+ VNSceneText. Pay la tdp anh van ban ngoai canh do
nhom tc gia tu thu truc tiép trén duong phd khu vuc Ba
Ria — Viing Tau va thanh phd H6 Chi Minh trong diéu
kién hoan toan tu nhién bang cac thiét bi smart phone
(Iphone 7, Iphone 12, Oppo Reno 8). Téap dit liéu bao gdm
téng s 3000 anh, trong d6 2400 anh dung cho training va
600 anh dung cho testing (Hinh 9). Van ban trong tap di
liéu nay rat da dang vé ching loai (anh chyp tir bién
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quéang cdo, bién chi dan giao thong, tén dudong phd, bién
hiéu trén cac tda nha, phuong tién giao thong va anh chup
tir nhiéu loai vin ban gidy to khac). Toan b anh trong tap
dir liéu dugc gan nhan muec tir theo dinh dang Coco.

e Cac do do danh gia

Trong bai toan phat hién dbi tuong néi chung va bai
toan phat hién van ban trong anh ngoai canh noi riéng,
ngudi ta thuong st dung do do IoU dé xac dinh mot doi
tugng hodc mdt vung van ban cd duoc phat hién chinh
xac hay khong. Do do IoU dugc dinh nghia bang dién tich
phan giao giita viing vin ban dugc phét hién va ving vin
ban twong tng da dugc gan nhan (luu trong file ground
truth) trén dién tich phan hop cta chiing.

Mot ving van ban dugc coi 1a phét hién dung néu do
do IoU tuong tmg ctia né khong nho hon mét gia ngudng
I' cho truée.

‘Dién tich phan giao

IoU= -
Dién tich phan hop

Pé danh gia hiéu qua cia phuong phap, ching toi st
dung cac d6 do Precision, Recall va Hmean:

+ Precision (B¢ chinh xéac): La ty 1€ glua s6 lwong vin
ban dugc phat hién chinh xac va tong s van ban duoc
phat hién:

Tp
Tp + Fp

+ Recall (P9 phu): La ty 1& giita s6 luong ddi tuong

duogc phat hién chinh xac va téng s6 dbi tugng thuc té:

Precision =

Tp
+ Hmean: La trung binh diéu hoa gilta d§ chinh xéc va
d6 phu cta cac két qua phat hién:
2xPrecisionxReall

Recall =

Hmean =
Precision + Reall

Trong d6, TP (True Positive) 1a sO ving van ban dugc
phat hién dung trén anh; FP (False Positive) 1a s§ ving
van ban bi phat hién sai (khong phai van ban nhung lai
phat hién 1a van ban); FN Ia vung van ban khong phat
hién dugc (bi bo sot).

DPé danh gia thoi gian thyc hién clia cac thuét toan,
ching t6i str dung d6 do FPS (Frame Per Second), duoc
dinh nghia 1a s§ khung hinh (sé anh) xu 1y dugc trong
mot giay.

e Két qua thyc nghiém

Qu4 trinh thyc nghiém dugc tién hanh 1an luot trén
timg tap dit lidu. D61 véi mdi tap dir lidu, trude tién ching
t6i s& tién hanh hudn luyén mang vé&i phan dir lidu
training. Dé dam béo tinh on dinh cia mo hinh, tir phan
dir ligu training ctia m&i mé hinh, ching t6i da ap dung
cac k¥ thuat 1am giau tap dit liéu huan luyén nhu thay déi
do scale cuwa anh (random_scale), xoay anh
(random_rotate), lam mo (random blur), thay ddi do
tuong phan anh (random_constrast), 14t nguoc anh (flip).
D6i v6i mdi anh trong tap training, chiing toi thudng sinh
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thém khoang 10-15 anh dé dua vao huin luyén.

Trong qua trinh huan luyén, cac thanh phan cia cta
kién tric mang (mang backbone, mé hinh hop nhit, tap
trung ngit canh va phan ving van ban) duoc huan luyén
mot cac lién tiép. Trong do, riéng mang backbone dugc
huén luyén theo hinh thirc transfer learning voi pretrained
weight tir ImageNet [38]. Cac tham sé co ban dé huén
luyén cac md hinh mang dugc thiét 1ap nhu sau: Epoch:
5000; Batch size (trén 1 card): 16; Num_workers: 4;
Optimizer: Adam, betal: 0.9, beta2: 0.999; Learning_rate:
0.001; Regularizer: L2 normal.

Dé ¢6 duge cac két qua danh gia mot cach truc quan,
chung toi di so sanh két qua thyc hién ctia phuong phap
dé xuat voi cac phuong phap EAST [16], SAST [28],
FCENet [29] va DB++ [30] nhu di dé cap & phan trén.
Céch thte thuc nghiém duoc tién hanh nhu sau: Trudc
tién, chung t6i hudn luyén cdc mang EAST, SAST,
FCENet, DB++ truc tiép trén tdp VinText training va
VNSceneText training theo cach thuc transfer learning
v6i pretrained weight tir [37]. Sau d6, ching toi s& tién
hanh danh gia va so sanh hi€u qua cta cac phuong phap
trén cac tap dir liéu kiém thir. Két qua thyc nghiém cia
céc phuong phap trén tap dir liéu VinText dugc thé hién
cu thé trén Bang 1.

Bang 1: Két qua thue nghiém trén tdp dir liéu VinText

Bdng 2: Két qua thiee nghiém trén tdp dir liéu nSceneText

Phuong phap | Precision | Recall | Hmean | FPS
EAST [16] 70.73 72.16 | 71.44 10.03
SAST [28] 83.25 84.17 | 83.70 10.60
FCENet [29] | 81.23 82.68 | 81.95 11.50
DB++ [30] 84.05 81.02 | 82.50 9.3
Phuong 85.14 87.23 | 86.17 8.8
phap dé xuét

Phuwong phdp Precision | Recall | Hmean | FPS
EAST [16] 71.24 73.38 | 72.30 11
SAST [28] 83.12 85.03 | 84.06 8.5
FCENet [29] 83.23 84.57 |83.89 |9.2
DB++ [30] 84.05 83.90 | 83.97 8.3
Phuong phip de | g5 g3 87.94 | 8677 |79
Xxuat

Hinh 10 thé hién mot s két qua dau ra ciia phuong phap
d¢ xuat trén tap dir liéu VinText.

Phuc vy(@n udng

W

Hinh 10: Mgt s6 két qua ciia phiong phap trén tdp VinText

Két qua thyc nghiém cua cac phuong phap trén tap dit
liéu VNSceneText dugc thé hién cu thé trén Bang 2.
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Hinh 11 thé hién mot s6 két qua ciia phuong phéap dé
xudt trén tdp VNSceneText.

CONG TRUGNG AN TOAN GIAO THON?
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Hinh 11: Mgt s6 két qua trén tdp VNSceneText

Cac két qua thyc nghiém trén ca hai tdp di li€u cho
thdy: Xét vé do chinh x4c, phuong phap d& xuét dat do
chinh xac cao hon cac phuong phap con lai trén ca ba do
do Precision, Recall va Hmean. Tuy nhién, hiéu suat vé
thoi gian cua phuong phdp giam di so vdi cac phuong
phap con lai. Cu thé, thoi gian xir 1y trung binh coa
phuong phap cd khoang 0.12s + 0.13s trén mét anh.
Théng ké tir cac két qua thuc nghiém cho thiy sai sb cua
ca bon phuong phap EAST [16], SAST [28], FCENet [29]
va DB++ [30] déu tap trung chinh trén cac tir ¢6 cau trac
nhiéu ting déu. Cac phuong phap SAST, FCENet, DB++
dat hiéu suit vé& do chinh xac va thoi gian xép xi nhau,
trong khi phuong phap EAST dat hiéu sut vuot troi vé
mat thoi gian nhung chua xir 1y tdt cac trudng hop vin
ban c6 hinh dang bit thuong.

V. KETLUAN

Trong bai béo nay, chung t6i d& xuit mot mo hinh hiéu
qua dé giai quyét bai toan phat hién van ban tiéng Viét
trong anh ngoai canh dua trén nén tang hoc siu. Phuong
phap duogc dé xuat dua trén ¥ tudng st dung céc kién trac
mang hoc sau dé hoc céac thudc tinh hinh hoc khac nhau
nham tai tao lai biéu dién da giac cua cac ving van ban.
Kién trac mang d& xuat gdbm bdn thanh phan chinh: Mang
backbone (resnet-50) dé trich chon dic trung cta anh dau
vao; M6 hinh hgp nhéat (fusion model), dugc xiy dung
dudi dang moét mang kim ty thap dac trung (Feature
Pyramid Network - FPN) nhiam tich hop va biéu dién cac
dic trung theo nhiéu ty 1é tir d6 gitp phat hién cic ving
van ban c6 kich thudc khac nhau; M6 hinh tap trung ngit
canh (context attention), dugc cAu truc dudi dang mot
mang tich chap sau, dugc huén luyén dé léy thong tin ngir
canh (ca cac phu thudc gan va phu thudc xa) tai mdi diém
anh nham thu duoc cac dac trung co tinh dai dién t5t hon;
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M@ hinh phan ving vin ban, dugc thyc hién theo co ché
phén vung ngir nghia (semantic segmentation). M6 hinh
nay c6 nhiém vu xac dinh vi tri va hinh bao cua tat ca cac
ving van ban c6 trong anh dau vao dua trén viée xac dinh
duong tam, diém tdm va cic diém bién dé gom nhom
ching vao cic ving van ban twong tmg. Diém dic biét &
day la trong qua trinh gom cum, thuat toan da tich hgp ca
céc dac trung mirc thap (muc diém anh) voi cac tri thirc
d6i twong muc cao nham thich nghi va giai quyét tot ddi
v&i nhitng van ban co hinh dang phtrc tap (cong, xién, chit
to/nho bat thuong). Cac két qua thuc nghiém cho thiy day
1a mot hudng tiép can kha thi dé giai quyét bai toan phét
hién vin ban tiéng Viét trong anh ngoai canh.

LOI CAM ON

Chung t6i xin chan thanh cam on nhiém vu cao cép, ma
s6 NVCC02.01/24-24 da hd trg trong qua trinh thuc hién
nghién ctru nay.
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IMPROVING THE EFFICIENCY OF
VIETNAMESE TEXT DETECTION IN SCENE
IMAGES BASED ON CONTEXTUAL ATTENTION
MECHANISM

Abstract—This paper proposes a solution to improve
the efficiency of detecting Vietnamese text in scene
images. The text detection method here is proposed based
on the idea of building a contextual attention mechanism
to learn different geometric properties to reconstruct the
polygon representation of text regions. The effectiveness
of the method has been experimented on two Vietnamese
outdoor datasets, including VinText and VnSceneText.
Experimental results show that the proposed method is
capable of detecting Vietnamese texts of various shapes
and sizes with high and stable accuracy. Specifically, the
method achieves Precision, Recall, and Hmean on the
VinText dataset as (85.63%, 87.94%, 86.77%) and on the
VnSceneText dataset as (85.14%, 87.23%, 86.17%). This
indicated that the proposed method is a feasible approach
for detecting Vietnamese text in scene images.

Keywords—Scene text, scene images, text regions,
segmentation, detection, features, mapping, accuracy,
recall, harmonic mean, convolution, scale, batch, batch
normalization.

Nguyén Thi Thanh Tan tbt
nghiép dai hoc va nhan bﬁng Thac
si lan luot trong cac nam 1999 va
2001 chuyén nganh Khoa hoc may
tinh, nganh Cdéng ngh¢ Thong tin
tai Pai hoc Cong nghé - Pai hoc
Qudc gia Ha Noi. Nhan bang tién si
chuyén nganh Khoa hoc may tinh
tai Vién Han Lam-Vién Khoa hoc
va Cong nghé Viét Nam. Hién nay
tac gia cong tac tai Truong Pai hoc
bién lyc. Huéng nghién ctru chinh
clia tic gia bao gdbm Tri tué nhan
tao va Thi gidc may tinh, Phan tich
va xu ly dir ligu lon. Tac gia da
cong bb trén 40 bai bao tai cac tap
chi ¢6 uy tin qudc gia va quéc té.
Huynh Vin Huy tot nghiép dai
hoc nam 2005 tai truong Pai hoc
Khoa hoc Hué véi chuyén nganh
Tin hoc va nhan brfmg Thac si nam
2012 chuyén nganh Coéng ngh¢
thong tin tai truong Pai hoc Lac
Hong. Hién nay tac gia dang la
Nghién cuu sinh nganh Khoa hoc
May tinh tai Truong Dai hoc Lac
Héng.
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Ngé Qudc Tao dang cong tac tai
Vién Coéng ngh¢ théng tin, Vién
Han 1am Khoa hoc va Cong ngh¢
Viét Nam.  Ong nhan bang PTS
nam 1997 chuyén nganh “DPam bao
toan hoc cho may tinh va cac h¢
thong tinh toan”, PGS Tin hoc nim
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nam 2018. Hién tai ong dang
nghién ctu trong linh vyc Nhan
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thirc, Tri tu€ nhan tao. Ong da tham
gia cong bd cac bai bao c¢b uy tin,
tham gia huéng dan NCS cling cac
ddng nghiép
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