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Tém tit: Nhan dang cu triic bang 13 van dé quan trong trong s hoa tai liéu. Véi sy phat
trién cla cac ky thuat hoc sau hién nay vi¢c phat hién bang da cé nhiéu budce tién 16n, trong
khi d6 nhan dang ciu triic bang van gap rat nhiéu khé khan do cau tric bang phic tap, dic
biét v6i dir liéu thuc té. Bai bao nay dé xuit mot phuong phap tng dung mé hinh Cascade
mask R—-CNN x101FPN deconv dé nhan dang hang va cot. Bai béo cling dé xuat sir dung mé
hinh Faster R-CNN dé nhan dang cac 6 trong bang, tir 46 dwa ra ciu trac bang. Thuit toan
dé xuat duoc danh gia trén tap dir liéu pho bién nhu TabStructDB va cac tai liéu thu thap
duogc tur cac tram Khi tuong thuy van. Két qua thuc nghi¢m dat 90% do chinh xéc trén céc
tap dir liéu nay. Thuat todn c6 kha nang ap dung hiéu qua vao viéc nhan dang cau tric bang
cua cac tai liu thong thuong; dac biét thuat toan c6 kha nang xur 1y vdi céc tai liéu lich str va
cac chit viét tay, phu hop voi dic diém tai liéu ctia nganh Khi tuong thay van. Tir d6 gop
phan vao viéc sb hoa tai liéu, luu trit va truy xuat thong tin dit liéu cia nganh Khi twong thuy
van.

T khéa: Nhan dang cAu tric bang; Nhan dang 6; Khi tugng thuy van.

1. Mé dau

Hién nay, chuyén doi sb 1a mot trong nhirng muc tiéu phat trién cua qudc gia vi loi ich ma
nd mang lai cho su phat trién kinh té, xa hoi. Mot trong cac nhi€ém vu quan trong cua chuyén
d6i s 1a s6 hoa tai liéu. Cac tai liéu so sach duoc scan hodc chup anh rdi luu vao may tinh
dudi dang dinh dang 4nh. Tuy nhién, dé khai thac dix liéu hi¢u qué hon can s6 hoa céc file nay
thanh cac dang vin ban. Tai liéu duoc chia thanh nhiéu ving nhu: ving doan vin ban, ving
tidu dé, ving anh, viing bang... Trong d6, viing bang thudng chira nhiéu thong tin, nhat 1a véi
cac tai liéu s0 sach, k¥ thuét. Do do, trich rat théng tin bang trong tai liéu la mot khau quan
trong, quyet dinh trong s6 hoa tai liéu.

CAu tric bang trong tai liéu rat da dang voi nhiéu kich thuéc khac nhau va nhiéu loai
khéc nhau (nhu bang c6 vién, bang it vién, bang khong vién). Ngoai ra bang co thé tir cac tai
liéu mdi, cli khac nhau va cé nhleu loai céu trac rat phtre tap. Nhan dang céu trac bang 1a xac
dinh cac 6 (cell), hang, cot va mbi quan hé phan cap giita cac 6. Day 1a mot bai toan rat phirc
tap va hién nay van chwa c6 mot giai phap tong thé nao giai quyét duoc toan bo cac dit lidu
bang trong thuc té va két qua nhan dang chua cao.

Mot s6 nghién ctru tiéu biéu vé linh vuc ndy ¢ thé ké t6i nhu: Nam 1997, nghién ctru [1]
lan dau d& xuat mot phuwong phép trich rat bang dua trén ciu tric dir liéu duoc goi 1a do thi
can chinh ky tu (CAG—-Charater Alignment Graph), mét dd thi can chinh ky tu duge hinh
thanh bang cach kiém tra sy lién két khoang trang trong cac khdi van ban lién ké. Mot s6
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tham s6 khac nhu 16 (s6 khoang tréng gila cac ct) va khoang tréng (so khoang trong lién ké
nhu vay trén moi dong) dugc str dung dé kiém tra cau trac khoang trong trong mot khoi dir
liéu. Cung v6i su phat trlen ctia cac ki thuat hoc sau, nam 2017, nghién ctru [2] da dé xuat
mot hé thong tir dau dén cudi dé hiéu bang trong tai liéu dugc goi 1a DeepDeSRT. Pau tién,
nghién ctru sir dung mo hinh mang Faster—RCNN [3] cho nhiém vu phat hién bang, tiép theo
st dung mo hinh phan doan ngit nghia FCN [4] thuc hién nhiém vu nhén dang hang va c{t &
trong bang. Nghién ctru thyc hién huan luyén trén tap dit liéu Marmot [5], va danh gia trén tap
dir liu ICDAR 2013 [6]. Két qua dat dugc Fi 1a 96,67% cho nhiém vy phat hién bang va
91,44% cho nhiém vu nhan dang cau tric bang. Nam 2019, nghién ctru [7] da dé xut mot mo
hinh hoc séu tai hoi nghi quéc té vé& phan tich va nhan dang tai liéu (ICDAR) dua vao cac
phép tich chap bién dang dé nhan dang hang va cot clia bang, tir d6 co thé xac dinh cac 6 va
cdu tric trong bang.

Nghién ctru [8] da dé xuat mot mo hinh hoc sau CascadeTabNet sir dung dé phat hién va
nhan dang céu tric bang tir dau dén cudi. Cac thir nghiém cua nghién ctru duoc thue hién trén
cac tap dir liéu ICDAR 2013, ICDAR 2019 [9], Tablebank [10].

Céc phuong phap ké trén phan 16n giai quyét trén anh tai liéu xay dung cho cac cudce thi,
chua xtr Iy va chtrng minh tinh hiéu qua véi dit liéu thuc té. Hai 13, cac dir liéu thuong c6 mot
loai lich sur hodc hién dai. Trong khi dit li¢u can s6 hoa thuc té co thé gém ca hai. Dir liéu cua
cac tram Khi twong thity van 1a mot trong céc dit liéu nhu vy, nd bao gom ca cac tai liéu méi
va cil. Bai bao nay dé xuat mot phuong phap dua trén cac ki thuat phat hién dbi tuong theo
huéng hoc sau dé giai quyét bai toan thuc té. Phuong phap dé xuat duoc danh gia trén tap dir
liéu phé bién TabStructDB md rong [ 1] cho nhi¢m vu nhan dang hang va cot, ddnh giad nhan
dang cac 6 trong cOt trén tap dir li¢u DetectCell ty xay dung va tap dir liéu Khi tuong thuy
van.

Muc dich cta nghién ctru nham: (1) dé xuat thuat toan nhan dang cau tric bang dua trén
mo hinh Cascade mask R—CNN x101FPN deconv cho nhi¢m vu nhan dang hang va cdt va
Faster R-CNN cho nhiém vu nhén dang cac 6 tir cac ¢t ¢ trong bang; (2) phuong phap deé
xuét duoc ching minh hiéu qua trén cac tap dit liéu, dic biét dir lidu thuc té 13 cac tai liéu Khi
tugng thuy van.

2. Phwong phap nghién ciru
2.1. Dir liéu nghién curu

2.1.1. Tap dir liéu TabStructDB mé rong va DetectCell

Véinhi¢m vu nhan dang cAu trac bang, bai b4o str dung dir liéu TabStructDB mo rong dé
tang cuong dit lidu. Dir liéu ndy dugc gan nhén cho timg hang va timg cot cua bang. Tong
cong bao gdm c6 2079 anh (ban ddu c6 1081 anh) trong d6 co ting cuong thém 868 anh tir tap
dir liéu Tablebank [10] va 130 anh cua tap dir li€u quan tric KTTV. Dit liéu nay dugc st dung
dé nhan dang hang va cot cho bang. Vi nhi€ém vu nhan dang 6 (cell), bai bao dé xuét tap dir
liéu DetectCell véi 1.172 anh. Mdi anh gan nhan cho ting 6, dir 1iéu gé)m ca tap dir liéu mo
rong va tap dit liéu quan tric KTTV.

2.1.2. Tap dir liéu quan tric KTTV

Tap dit liéu Khi twong thity van thu thap bao gdm céc s sach, bang biéu tir nhiéu nam
trude, né bao gébm ca dir liéu hién dai va lich str. C6 13 loai sb sach ky thuat khac nhau: s6
quan triac khi tugng co ban, ) quan tric muc nudce, s6 dung khi do d6 sau, téng btrc xa gio, $6
quan tric bdc hoi GGI-3000..., mbi loai s6 sach thuong co cac bang thong thudng va cac
bang dic trung cho timg loai so.
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Hinh 1. Anh cua tap dit liéu TabStrucDB va tap dit lidu DetectCell (a) bang c6 cdu triic cac hang sat
nhau cta tap dit liéu TabStrucDB (b) Mot cot ctia bang do luu lugng bang may ADCP tap dit liéu

DetectCell.
Bang 1. Danh sach cac s6 cua dit liéu KTTV.
STT Tén sé Dic diém S6 méu
1 SKT-1 S6 quan trac khi tugng co ban 642
2 SKT-2 S6 quan tric khi tugng 7
3 SKT-3 S6 quan trac nhiét do dat 7
4  SKT-13a S6 quan tric bdc hoi GGI-3000 7
5 BKTII Téng lugng birc xa gio 8
6 BKTlla Cuong d6 buc xa gio 8
7  ADCP S6 ghi chép may ADCP 6
8 Tai liéu chinh bién Tai liéu chinh bién 41
9 S6 dung khi do do sau 16
10 S6 ghi quan tric myuc nudc 19
11 S6 ghi do luu lwong nude s6 1 11
12 Biéu XL mau nudc chét lo limg 7
13 Biéu ghi téc d6 va tinh chat luu lugng triéu 5

Tong 784
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Véi dit liéu ban dau, c6 thé phan tap dit liéu KTTV 1a nhiing bang cii cua s6 quan trac khi
tugng co tir nam 1969 dén nam 19835, ciing c6 nhiing bang ciia s6 quan trac khi twong co ban
tir nam 2000 trd vé day. Hinh 2 mo ta hai loai bang trong nhiéu loai bang cia tap dir lidu
KTTV. Nghién ciru cho thay dit liéu trong bang, ngoai la cic myc in, con c6 cac chir viét tay,
danh cho hai loai bang 1 lich sir va hién dai. Ngoai ra, con mot s6 bang ké tay ciing duoc xur
Iy trong bai bao nay. Budc dau nghién ctru nay sir dung 130 anh dua vao tap TabStructDB dé
tién hanh danh gia thuat toan.
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Hinh 2. M6t s6 loai bang thudc tap dit liéu Khi trong thuy vin (a) bang hién dai, c6 cac sb viét tay (b)
bang lich sir, ¢ cac s viét tay.

2.2. Phuwong phap nghién cuu

Nghién ciru sir dung mé hinh Cascade mask r—cnn_r101 fpn dconv c3—c5 dé nhan dang
hang va cot. Do két qua thyc nghiém ban dau cho thdy két qua nhan dang hang kha t¢, trong
khi két qua nhan dang c6t t6t. Piéu nay c6 thé 1a do cac hang chira nhiéu phan nén, it dac
trung can thiét dé nhan dang va cac hang c6 khoang cach gin nhau. Nghién ciru nay dé xuat
phuong phap tiép tuc sir dung mot mang Faster R-CNN dé nhan dang cac cell duoc tach ra tix
cac ¢t vira dugc nhan dang. Y tudng nay Xuét phat tir viéc nhan théy réng cac cell trong mot
hang c6 kha ning dé dang duoc nhan dang hon 13 trong toan bang, va cac cell nhan dang
trong cdt tuong duong voi mot hang trong bang. Viéc lua chon Faster R-CNN muc dich
mudn lya chon mdt md hinh nhe va ¢ hiéu qua cao.

, M6 hinh Cascade mask r-
Anh cnn x101 fpn deconv Cac cét
: B;‘ il N FasterR- | | Cautric
— o\ CNN béng
RT" Hefd L L

Deomele 7_
Rt

Hinh 3. M6 hinh nhan dang c4u tric bang.
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Sau day, s& mo ta vé mot sb ky thuat dugc sir dung trong nhan dang cau tric bang cy thé
12 mo hinh Cascade R—CNN két hop véi tich chap bién dang (Cascade mask r—cnn_r101 fpn
dconv ¢3—c5). M6 hinh nay xuat phat tir mot s6 nghién ctru trude day nhu vé R—-CNN [11],
Fast R—-CNN [12], Faster R—-CNN [4], Mask R—-CNN [13], Cascade R-CNN [14], tich chap
bién dang [15], ResNet [16], FPN [17]. M6 hinh s& dugc huan luyén trude véi tap dir lidu
COCO [ 18] trude khi dugce tinh chinh lai véi dir liéu ciia nghién ctru nay. Diém khac biét cua
mo hinh ndy so v&i cac mé hinh khéc [3, 8] 1a st dung tich chap bién d6i. Ta c6, phép toan
tich chap thong thuong nhu sau:

K K

(F*D)i, )= > > F(mn)xI(i-m,j—n) Vi=l.,HYj=1.,H (1)

m=—K n=—K
DAu * thé hién phép toan tich chap, F 1a bo loc ma dugc hoc, I 1a 4nh, K 1a gia tri dugc
tinh nhu sau:L IF|/2 J trong do|F|la kich thudc cta bo loc. H 1a chi€u cao cta anh, W la chi€u

rong cua anh, i, j dai dién cho vi tri dang thuc hién phép tich chap da dé xuét sir dung phép
toan tich chap co thé bién dang vao trong nhan dang hang va cot trong bang. Phép tich chap
bién dang st dung cac hé s6 mé rong thay vi st dung ludi c¢b dinh cho phép 16p tu diéu chinh.
Cac hé sb nay duogc tinh toan dua trén tdp hop céc tﬁng tich chap khac, do doé ching c6 thé hoc
dugc. Cong thirc ctia phép tich chap bién dang 2-D c6 thé duge mo ta bang cong thirc nhu
sau:

K K

(Fol)(i,j)= Y. > F(@,j)xI(i—m+08"<u, j—n+5/"" "y Vi=1..H, Vj=1..W  (2)

L, ],m,n i,j,m,n
m=—K n=-K

Ki hiduo thé hién cho phép tich chap bién dang, cac tham s6 khac hoan toan gidng vai
cong thice tich chap thong thudng & trén. s, "= ki hiéu cho cac tham s6 mé rong.
Hinh 4 thé hién phép tich chap bién doi.

Hinh 5 cac do léch (offset) co thé dat duoc béng cach ap dung mot 16p tich chap trén ban
d6 dic trung dau vao. Hat nhan cua tich chap st dung d6 phan giai, do gidn no khong gian
nhu cta 16p tich chap hién tai. Truong do 1éch (offset) dau ra c6 cung do phan giai nhu ban d6
dic trung dau vao va c6 2N kénh trong d6 2N tuong tng véi N hiéu so 2D.

Két hop tich chap bién ddi voi mang ResNet—101 [16] va véi Cascade Mask R—CNN
[14], va FPN [17] ta c6 m hinh mang nhu trong Hinh 5. Trong d6 “I”” 1a anh dau vao, “conv”
cac tich chap khung xuong, “pool” trich rut didc trung timg vang, “H” dau mang, “B” hop gidi
han va “C” 12 bd phan loai. “Bo” 1a cac dé xuat trong toan b kién truc.

y

M P P

—> Q— — P (v (un|>

AR

Tich chap (conv) Cac do léch
Trwong do lech  (offsets)

(offset field)

Tich chap bién d6i
(deformable convolution)

Ban d6 dic treng dau vao Ban db dac trng dau ra

Hinh 4. Biéu dién tryc quan ctia phép tich chap bién doi.
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Hop gidi han 0 Hop gidi han 1 Hopgidihan2  Hop gidihan 3 Phan doan
(B0) (B1) (B2) (B3) (s)

Mang d@ xut viing Dau hop gidi han Pau hop gidi han Dauhop gidihan  DauMét na

(RPN) (Head Bbox) (Head Bbox) (Head Bbox) (Head Mask)

ResNet-101 bién d6i
(Deformable ResNet-101)

Anh >

Hinh 5. M6 hinh mang Cascade mask r—cnn_r101 dconv.
3. Két qua va thao ludn

3.1. Tap dir liéu danh gia va do do

Nghién ctru danh gia trén hai tap dir liéu TabStructDB mo rong véi 130 bang thudc tap
dit liéu KTTV, DetectCell va hién thi mot sb két qua nhan dang cAu trc bang trong tap dir
ligu KTTV. Nghién ctru nay chia cac tap dir liéu theo ty 1€ 60% cho tap huén luyén, 10% cho
tap kiém dinh, 30 % cho tap kiém tra. Két qua thyc nghiém dugc thuc hién trén tap kiém tra.

Do do duoc sir dung dua trén tham sb IoU (Intersection over Union) [19] trén cac phép
do Precision, Recall, F1. IoU bang dién tich ving chdng lan giita hop dy doan va hop ding
(ground truth) chia cho dién tich ctia ving dugc tao bdi hop ctiia hop du doan va hdp dung.

1A

- N 3
(DA + GA —1A) (3)
(oL Di&n tich chéng 14an
Dién tich ving hop .
Hinh 6. M6 ta vé IoU.
Cong thuc vé 30 do P, R, F1 trung binh:
1 N
P=—-3 (I4,/DA) “)
N i=1
1 N
=— 14,/ GA 5
N;( ./ G4,) (5)
F=2*((P*R)/(P+R)) (6)

Trong do IA 1a dién tich ving giao nhau gitta hop du doan va hop dung, DA la dién tich
hop du doan, GA 1a dién tich hop dung, N 13 sb anh trong tap kiém tra.

3.2. Két qua danh gia

Nghién ctru nay str dung ngdén ngit 1ap trinh Python, thu vién PyTorch, MMdetection
[20] xay dung chuong trinh va cdc mo hinh thur nghiém. Céc thuc nghiém ctia nghién clru nay
duogc thuc hién trén nén tang Google Colaboratory Pro voi Tesla V100-SXM2 ¢6 bd nhé
GPU 16GB, Intel(R) Xeon(R) CPU @2.30GHz va 24 GB Ram.
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3.2.1. Panh gia két qua nhan dang hang va cot

Thuc nghiém viéc nhan dang ciu tric bang. Ta thiy theo nhu bang 2, mé hinh cho phép
nhan dang cot kha t6t, ty 1& nhan dang c6 thé 1én t6i 97,20 % va d6 do F1 theo IOU Ién téi
94,04 % (d tin cay 0,7). Tuy nhién, viéc nhan dang hang con chua tét chi c6 49,77% (d6 tin
cdy 0,4) hang c6 thé nhan ra, nhitng hang c6 kha ning nhan ra thi c6 nguong IoU tring khép
cao F1 = 89,19 % (d¢ tin cdy 0,4). Cac bang co6 cac hang cach xa nhau (16n hon d rong cua
ky tu) c6 xu thé nhan dang rit tot, cic hang gan nhau thuong khong thé phan biét va nhan
dang duoc. d = (s6 ddi trong phat hién ra c6 ngudng IoU > 0,5)/(sd dbi twong thyuc co).

Bang 2. Két qua nhan dang hang va cot.

Row Column All
foU P R F1 d P R F1 d P R F1 d
0,4 90,72 87,71 89,19 49,77 94,19 93,23 93,71 97,78 86,82 85,16 85,98 62,03
0,5 91,17 88,59 89,86 47,94 9432 9335 93,83 97,78 87,03 85,61 86,31 60,87
0,6 91,54 89,20 90,36 46,12 9442 93,51 93,96 97,53 87,16 8595 86,55 59,64
0,7 92,03 89,92 90,97 44,43 94,47 93,61 94,04 97,20 87,34 86,27 86,80 58,53

Nghién ctru sir dung mot tha thuat nho 1a thay d6i kich thude ciia anh theo chiéu cao.
Nghién ctru kéo dan anh 3 1an theo chidu cao h=h*3, két qua thuc nghiém cho thiy viéc két
hop kéo dan anh dy doan hang va giit nguyén anh gdc cho du doan cot cho két qua t6t nhat
nhu trong bang 3. Ta ciing thdy mo hinh ciing t6t hon so véi mé hinh Cascade mask
hrnetv2pw40.

Bang 3. Két qua thuc nghiém nhan dang hang cot st dung kéo dan anh.

IoU
Phwong pha Mo hinh Wavg.
s phap 0,6 0,7 0,8 &
Kéo dan anh Cascade mask r—cnn
83,87 84,40 85,06 85,67 84,75
x101 dconv
Anh gbc (cot) va Cascade mask r—cnn
84,75 85,34 85,58 86,65 85,58
kéo dan (hang) x101 dconv
Anh gbc (cot) va Cascade mask
82,53 83,55 84,52 86,08 84,17
kéo dan (hang) hrnetv2pw40

Hinh 7 minh hoa két qua nhin dang hang va cot tot. Piéu nay 1a do cac hang & day co
khoang cach du dé nhan dang. Trong hinh 8, mé hinh nhén dang thiéu hang rat nhiéu. Ap
dung k¥ thuat kéo dan anh dugc két qua thuc nghiém nhan dang tdt & hinh 9. Sau day la cac
két qua nhan dang cu thé:

result

0 200 400 600 800

Hinh 7. Két qua nhan dang hang cot tot.
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Annh ket qua

Hinh 8. Bang nhén thiéu hang.

FSKIB | B2 | Y] mn || ™ | D] Bp | —An | P
-T™™8n | 0.00 | — [ 4.33 | 4.40 | 0.00 | 0.00 | 17.18 | 3.50[
10280 000 | — | 438 ) 442 | 1.54 ) 0.00 |11.00 || 4.33
ct%88n | 000 | — (443 443 1 1.65 | 0.00 |10.40 | 5.16
10580 | 000 | — | 448 || 4.45 | 220 | 0.00 | 10.34 | 6.00
12988n Joo0 | — | 452 447 | 1.83 | 000 | 993 | 6.81
@080 000 | — | 456 449 1237 | 0.00 | 9.76 | T7.61
1250 oo0 | — [ 460 450 | 243 | 0oo | 941 | 838
IEsn Jooo | — (464 452231 [000 | 909 9.3

6Sn | 0.00 | — | 467 453 | 2.02 | 0.00 | B.69 | 9.85

gn J 000 | — | 471 455 | 2.04 | 0.00 | 8.28 | 10.55
A4208n [ 000 | — [ 475 [ 456 [ 0.00 [ 000 | 850 [ 10.04

22gn oo [ — [4.78 [ 457 [1.70 | 0.00 | 7.61 [ 11.94|
A248n Jowo | — [ 481 [ 459 | 1.68] 0.00 | 7.34 [ 12.6F
KE*snlooo | — [4R4( 460 161 | 000 | 7.10 | 13.40
c'288n 1 0.00 | — | 487 461 | 1.46 | 0.00 | 6.85 | 14.13]
1305n [ 0.00 | — [490] 462 [ 1.19 | 0.00 | 6.54 [ 14.86)
'¥%8n | 0.00 | — | 493 [ 4.64 | 0.00 | 0.00 | 8.00 || 15.56
' 348n 1 0.00 | — [ 499 ] 465 | 0.78 | 0.00 | 2.00 | 15.93
1368n 1 000 | — [ 504 467 | 1.30 | 0.00 | 210 | 16.39
' Sn | 000 | — | 5.10 [ 4.69 | 1.61 | 0.00 | 2.09 | 16.63
(1305, [0.00 | — | 514 4.71 | 1.66 | 0.00 | 1.94 | 17.22

Hinh 9. Bang nhan du hang sau khi thuc hién phép kéo dan.

3.2.2. Két qua nhan dang 6 trong bang

Sau do, nghién cuu nay tién hanh thuc nghiém viéc nhan dang 6 vdi tung cdt va két hop
chung lai véi nhau. Bang 4, thé hién két qua nhan dang 6 véi tap dir li¢u 1a céc cot.

Bing 4. Két qua nhan dang cell.

IoU
M6 hinh WAvg.
0,6 0,7 0,8 0,9

Faster R-CNN 88,52 88,60 88,60 88,82 88,63




Tap chi Khi twong Thuy van 2021, 727, 1-12; doi:10.36335/VNJHM.2021(727).1-12 9

Dudi day 1a mot sé két qua thue nghiém nhan dang cdu triic bang tir dau dén cudi. Qua
trinh xir Iy gdm: phat hién hang, cot va phat hién cell trong bang. Qua két qua thuc nghiém,
thuat toan c6 kha nang nhan dang cau triic bang twong ddi tot. Theo bang 10, cac 6 duoc nhan
dang chinh x4c bang hién dai, dac biét vdi ca cac chix viét tay. Bang 11, bang hién dai véi cac
chir duoc danh may, két qua nhan dang cac 6 chinh xac. Bang 12, bang vé tay c6 tinh chét lich
sir, chir viét tay, cac 6 dugc nhan dang chinh xac. Bang 13, bang lich su, gidy c6 vét gap, va
chir 1a ca viét tay va danh may, thuat toan cho phép ta xac dinh duoc chinh xéac céc 6.

Git [Phit] H | Q [Qhe| ¥ [ Vme | Vb [Ten File s i th| Ten File Config | Ngwin do | Huomg chap| Humg do| Gl Ch
Lz |0 Lo |35 laqlor \isto] g8} 0ar’| TR4m4 & av0 | TR [84.cG| Thual | - L8| g
.l | do B 1, %) apl TETEA.CER| = - p-T % - T
Aol | Lo [ssel 0 lim | o2 g0 mmmn.m[..iﬁlu_-c.t.i....._-.....__ - i G -
a1zl i | goldn |54 5| ide) g 30l adz] TRIR M3kl TATALcEG | - r—§ =
(51 57| 9| o | ed0 |sagal et |aito] eda] our] mere amkoem| TRikscElr | Thuat| I-p
] 7|0 0g |67 | 9243 s Lizdal 035 1;._:,?: IRIR A Ram| [RIE 4. CFF. ."1.,1}.- - TP .
CASE AN ARA VA LR EEE T EREAER MR T T2 Wiy F =30 e S 5 —— 1
A g7 e | 45 | akd Ladhst oo | igkn | o it L ) R demagepsl| TRIEA.CEG | - - -7 :
L 27} 24| o0 | dsd|asad 2o | ol ad2) ol | IR smd e | [RIR4CEE | - . p-T -
A oy | s szl e i) am | gl TR Amt femn | TRIEACEE | - - pT Y.
AL 27 2o | 55 | 4l Laspd oy | rkol 406 o80 | TR denisbomD | RIR4CEE) L | = L per Lo
2027 | 23| 53 | 452 |gomal 4o | 20| £53) cdo) 1R iodtRoom | relbiciE | - Y b1 -
A3 gp | o |63 L asa|osn) doief gin) ohd| oz [RaeRem | RIEsCFE | = p-T -
8122 ) ¢ | 5289 lusel i) i) a0 apd| R e ham | JKIGCEE| 1 g1 : ]
32tz |99 | | i) 4o igal a7 | a87| TRapesdam | cATRAcEE )| S |4l Lokp L=
16/ 5¢ 1 3 | @ | g7 Lisag] soie | iseo a8 o riRom | reredoke ) oo = L et .
Haly | 5w lund | shlarste] Kokl oy | Reece | - . -l -
1Bloels | 16 luge sic) nlate ot Meookam | Retrd | - | 3 T
W oele | on) lusduvel L L | tRiitam | fenescbe | Ty | S B
200 7117 | oo |5 43450 aia0ldapm) 078 | o030 TRpdfR . | TRILICES a I . S I =S 771
__2.!. ALY | g 4? (ot7y {7 idfel 475 085 TE it mo. | rRikdebd 4 P-T Fee)
21 28 |9 | oo | 23 lwad sorol saolazs [ate] [aeripan | omics A ) .
(B o019 | L. lodgs il || B i FTTIV N I ST B - B 23 110 O e 1
24120 Lo | oo | 39 Liospd toeelisalore oot | reupsae ool 7are scrp] . 1/ :
Bang 10. Két qua nhan dang c4u trac bang két qua do luu luong biang may ADCP.
r_llll."l'.lh"\- ‘.'”IHH ...H.."" 1l::.::|‘_ wl!:\.um."i‘_ll | True xg [ xp S IC"am cdn] Thef gian |
Cadly D | Treen ][;lu.'li Trén th:-l- Tan s | Teug l.:l ngang [Tong safhigi 43 5N S0F | birg x| Anbedo | niag Chi chv |
[ Tace | oeo | 018 [iaess]ianes] oo | 006 | 066 [14gan) 1290 | 018 |.a19 | 03 | aoo ] g
| 2 [looo | noo | 003 [1semofianss] oo | ooo | oo [ago] eon [S00E | ale | o] G 1I
[ ox Lo | oo | oos [1asss] tanes] oo | oos | aoo [1a858) 1ae3 | -008 | 003 | 00s | oo |
(o [Taoe [oo0 | oon [1anse[ianes ]| aoo [ Tome | wee [1aa50] 1890 [ 00 | 403 | 4 8| oas | | |
05 | gom | 000 | 0o |33l o | om0 | oo (1433] a2 | oo | e | 000 am

06, | 000 | 000 | 000 | 14633 | 14845 | @00 | 00 | 008 |1833] 1881 | 000 | 408 | 404 | oo

07 2l | i S| _l.L.J.: JARI0) (4843 | 006 | 000 | 000 (14342} 13.71) | 00F | 093 | 028 | 078
08 T893 | B.55 | (148 | 14E2T (14005 ) 555 | el | (23R |15682) 1409 | 70T | 087 | o.M | it
e ALAR | A4 | (022 [[5T2)S24 ) HEA | 2002 | 0083 |10 1S | e 87| 178 | 3500 | 006

whr o -
10 8315 | 5465 | 7O [IShah | 1550000 604 | (2707 | 1707 [J0031] 31RO | 674 | 5 | b ) 004
1 SEA0 | 006 | (880 | SAED]1S5.T2) d0RE | 253 | 0834 [2049%) 2096 /3130 ) |05 ( s040 ] 0.05
12 047 | 5208 | 726 | 15600] 15633 | 3461|2020 | (1538 | 20808 |X252] | S482( | 003 [ Heam | 004

3 |36 [ogn] 49 (1ol isesz] e [ 1w | 1002 Tioo27] 2ioe (3008 [oay [0 | o | K
(4 Tansa [Taan | To3] [1sqonfission] a3 (200 [ 13330 (19702 2161 (3640 | oo | 3549 | 015

13 | 2843 | 2065 | 436 | 15250 154 15| 1938 | 165% | .15 |1%1.15] 2035 | 29.29 | 068 | 048 | 413

(6|20 3000 | el |1sas] 18002 2049 G039 | 948 [1a4d8] 2030 (3608 | 067 (2580 | 0he | 1
17| 120 | 1999 | 289 | 15308 153.36] 1300 | 504 | 603 [17Le] 2000 0L 400 (167 | 004

1B | (s | 1 | o [rsrs 81 s 7136 7308 [ o7 [165] oaw | (176 [l | (170 [ ot =
14 oo | 000 | 007 |1%sT|Is00 | 060 | 0060 | 06 15047 1906 | 007 | 0032 | 080 | 050

0 | oo | 000 [o1a [1se3s]isorz] e | oo | 0w [vsoss] man | 04 [ad7 [os0 | ow

2 | 0o | 000 | 13 | 15006 1s044] 000 | 000 | 000 15006 1967 | 008 | 408 | 981 | 0w

3 Jlaow | 006 |00 [t re]isoz] 0w | 000 | oeo (193] 1951 [ 09 |ada [ 057 | om0

23 Qg | 000 | 002 | 14939 [40RT | 00 | 008 | 0B |10 1934 | 002 | DA | S0s0 | 000

2 Jlaoo | oo | Jo1a [1e3w]1a97] oo [ noo [ oo [149 | 1923 | 014 | 0.5 | 063 | 000 o
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4. Két luan

Nghién ctru da dé xuét thuat toan nhan dang ciu tric bang dua trén md hinh Cascade
mask R—-CNN x101FPN deconv dé nhan dang hang va cot, sau d6 stir dung mé hinh Faster R—
CNN dé nhan dang céc 6 trong bang tur do dua ra cau triic ciia bang. Thuat toan cho thdy higu
qua cao trong nhan dang cau tric bang véi gan 90% d6 chinh xac. Trong thoi gian t6i, bai bao
sé t1ep tuc nghién ctru phat trién thuat toan trén thong tin hang dé nang cao két qua nhan dang.
Pong thoi tiép tuc thir nghiém cac dir lidu khac cia KTTV dé ing dung tét hon trong thuc té.

bong gop cua tac gia: Xay dung y tuong nghién cou: HH.P., N.D.D., P.L.P.; Lua chon
phuong phap nghién ctru: HH.P., N.D.D.; Xu ly s6 liéu: N.D. D Phan thh mau: N.D.D;
Lay mau: HH.P., P.L.P.; Viét ban thao bal bao: H.H.P., N.D.D.; Chlnh stra bai bao: H.H.P.,
N.D.D., P.L.P.

Loi cam doan: Tép thé tac gia cam doan bai bao nay 1a cong trinh nghién ciru cia tap thé tac
gia, chua dugc cong bo ¢ dau, khong duoc sao chép tir nhitng nghién ctru trude day; khong cod
su tranh chap loi ich trong nhom tac gia.
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Research and apply table structure recognition algorithm based
on object detection
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Abstract: Table structure identification is an important issue in document digitization.
With the development of current deep learning techniques, the detection of tables has made
great strides, while table structure identification still faces many difficulties due to complex
table structure, especially with real data practice. This article proposes a method to apply the
Cascade mask model R—-CNN x101FPN deconv to identify rows and columns. The paper
also proposes to use the Faster R—-CNN model to identify the cells in the table, thereby
giving out the table structure. The proposed algorithm is evaluated on popular datasets such
as TabStructDB and documents collected from Hydrometeorology stations. The
experimental results reached 90% accuracy on these datasets. The algorithm is capable of
effectively applying to the identification of the table structure of common documents;
especially, the algorithm is capable of dealing with historical documents and handwriting,
in accordance with the document characteristics of the hydrometeorology industry. Since
then, it contributes to the digitization of documents, storage and data retrieval of
hydrometeorology industry.

Keywords: Structure table recognition; Cell recognition; Meteorological and hydrological.



