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Abstract: Text can be as one of the key carriers for information transmission. Digital media-related text has been widely
developing for such image aspects of document and scene contexts. To extract and analyze these text information-involved
images automatically, Conventional researches are mainly focused on automatic text extraction techniques like scene text
detection and recognition. However, text-centric images-based semantic information recognition or analysis as a down-
stream task of spotting text, remains a challenge due to the difficulty of fully leveraging multi-modal features from both
vision and language. To this end, text-centric image understanding has been an emerging research topic and many related
tasks have been proposed. For example, the visual information extraction technique is capable of extracting the specified
content from the given image, which can be used to improve productivity in finance, social media, and other fields. In this
paper, we introduce five representative text-centric image understanding tasks and conduct a systematic survey on them.

According to the understanding level, these tasks can be broadly classified into two categories. The first category requires
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the basic understanding ability to extract and distinguish information, such as visual information extraction and scene text
retrieval. In contrast, besides the fundamental understanding ability, the second category is more concerned with high-
level semantic understanding capabilities like information aggregation and logical reasoning. With the research progress in
deep learning and multimodal learning, the second category has attracted considerable attention recently. For the second
category, this survey mainly introduces document visual question answering, scene text visual question answering, and
scene text image captioning tasks. Over the past few decades, the development of text-centric image understanding tech-
niques has gone through several stages. Earlier approaches are based on heuristic rules and may only utilize unimodal fea-
tures. Currently, deep learning methods have gained wide popularity and dominated this area. Meanwhile, multimodal fea-
tures are valued and exploited to improve performance. To be more specific, traditional visual information extraction
depends on pre-defined templates or specific rules. Traditional text retrieval task tends to represent words with pyramid his-
tograms of character vectors and predict the matched image according to the representation distance. Expanded from the
conventional visual question answering framework , earlier document visual question answering, and scene text visual ques-
tion answering approaches simply add an optical character recognition branch to extract text information. As integrating
knowledge from multimodal signals helps to better understand images, graph neural networks and Transformer-based frame-
works are used to fuse multi-modal features recently. Furthermore, self-supervised pre-training schemes are applied to
learn the alignment between different modalities, thus boosting model capabilities by a large margin. For each text-centric
image understanding task, we summarize classical methods and further elaborate the pros and cons of them. In addition,
we also discuss the potential problems and further research directions for the community. Firstly, due to the complexity of
different modality features, such as mutative layout and diverse fonts, current deep learning architectures still fail to com-
plete the interaction of multi-modal information efficiently. Secondly, existing text-centric image understanding methods
are still limited in their reasoning abilities, involving counting, sorting, and arithmetic operations. For instance, in docu-
ment visual question answering and scene text visual question answering tasks, current models have difficulty predicting
accurate answers when they require to jointly reason over image layout, textual content, and visual art, etc. Finally, the
current text-centric understanding tasks are often trained independently and the correlation between different tasks has not
been effectively leveraged. We hope this survey can help researchers capture the latest progress in text-centric image under-
standing and inspire the new design of advanced models and algorithms.

Key words: text image understanding; visual information extraction; scene text retrieval; document visual question

answering; scene text visual question answering; scene text image captioning
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FHEC 7 SO R E B 5 EBCA 0 5 R
T pdf % 2 SCRY AT SCIF /NSRRI B 1155 , 4
Ar JEk B A s A BSOS R R . AT
T Bl b BRAE B A SCRS R 2 i 2%, Ta] iy 3
[ €l A R A TR = R L PR S B e < =1 R A 7 5
FAM £ B E e BE . TEHIEZ T 0F5¢
NGRS R R EPSEi AR UL SRR U S K]
SRR PRI A5 B 5 SR, T A SCEEA]
fan % S ek o AR AR SR, e e
FUBAFAEAT SRl 2278 HLAZ %  SORAE BBdE R
R S5 H A BSOS 1 22 45 L A L 05 A U T 55

HAT—E PR

TER AW b, BFFEN G JE T4k S R A AL 5
PR UG A5 A ER E AT B , SR IBCCAE
B (Cui 55, 2021) , (EZ LB XA 51l SCR 18 5
A R 7 L R SRS IR, AR I 3 S R A
TEALSE (5 BAMIBUE 55 ROCR 0 PR . B R
) A RGH K TR, 1V 22 6 T IR 25 ) AL 45 2 il
By kB & i, F HAEMEwR PRI B b i i i
i TGRS TR AL A T 58 . XS Tk R %
O AL A5 B A IBUE 55 L — D ARic 7 2K R, T
G I TR 5 SR IS b B S0 JB TR BT E
SCA TR o AR R R AL E B T MR O ik AR S
H DL A5 BAMEOT L 00 I BE T A% T FURIE T
FPAN IR 32051
1.1 #5ESMEEESE

T AR BRSO [ B e R B AIBUE 55, 3R
T Z A e A ] 2 B SR PR B g
FUNSD (form understanding in noisy scanned docu-
ments) (Jaume 55 , 2019) /2 fe 74 i (19 22 TF R 46
RS TP 199 5KAf oy 22 S AR HLAT W s ) B 51
ARG SRS P BRI T 9 707 SR AI31 4854
BRG] R SR 23 D B L TR R 2 S8R H A 4 o
ZE0 IRl I BR i 15 312 AT DL C A SR BB DG &R .
FUNSD & 7§ IORN 2 i 0 23 P53 A [i) 26 80 S0
f G B BA) , JF Al A5 Ak G BE R B . SROIE
(scanned receipts OCR and information extraction)
(Huang %%, 2019) 2446 T2 1 MRifEALAY 1000 15 42
PR R R A R AR o R S o3
2y ] H Uk A4 T 425 . CORD (consoli-
dated receipt dataset for post-OCR parsing) (Park 4 ,
2019)HLER 1 11 000 i IV EE J& V5 S0 1t (9 i dls el £
Hovh B 3 Ry 8 RS AR AR SR S E NI
FUETEES o T A0 AR 4R R 22 3 SChR T Y 5L
P e, SCF X R KA SR, HLBE (R DS I LG BS54
EPHOIE (examination paper head dataset for OCR and
information extraction) (Wang %5, 2021b) %48 5 £ %)
I Bt B, DA H T 22 T 2 A 1 L S 2 A 2 A v A IR
1 494 5K R 7KFFUE B IR B T 5 MIHT ENSCAR 5847
PRice o TR AR B A B A R A 2% Y 2R
T o, AE 5 A IO 30 T A B R Rz AR
EPHOIE 4 45 A7 8 253 ) S AR, 23551 o ik 44
E2 AR RN Y VRS IRE A e SN A i

2255



2256

PEERBEF ik

JOURNAL OF IMAGE AND GRAPHICS

Vol. 28,No. 8,Aug. 2023
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Table 1 Visual information extraction dataset

Sl It Wik g ig‘; A
FUNSD(Jaume %,2019) 149 50 4 74.69
SROIE(Huang% ,2019) 626 347 4 54.33
CORD(Park %,2019) 800 100 30 -
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ZREAR BRI YO SCAME B S (5 B A
TR IS SR R R R RS
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(region of interest align) (He %5 ,2017) , 4 Jg% 2%} 1Y)
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1 ResNet (deep residual learning for image recogni-
tion) (He 55, 2016) , JC 75 I DX 38 W A+ 530 i AR
BORAY H AR R, B 4 P 5 b 4 0 s A
A RIRER L GE 5 S o 3) Huang 55 A (2022) 52 %
ViT (vision transformer) (Dosovitskiy & 2021) FVILT
(vision-and-language Transformer) (Kim 5% , 2021) f
JA R A e B B I e 2 i A AR A AR I 455

FT, HE EUGR ditt

1.5.2  FETF Transformer 4844 B9 2 B85 B &
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FIi7s

ﬁﬂ%)fﬁ FHIE
B2 A FERFIE A FERHE
f t ¢
WBEANE F Transformer B2 AR
A ? f A
W ANE T Transformer Wt Transformer 18755 Transformer
T T i t t
WEfE R BAEARL SRR, TR SAAE R,
- - gl T
frE R B R | I [ tmine
(a) HAR BTSN (b) B S RASE (¢) MM B AASH A

El 1 BT Transformer 2844 [ 2SR Rl A 22 1. A (Appalaraju 45 2021)

Fig. 1

Diagram of multi-modal features fusion based on Transformer architecture ( Appalaraju et al, 2021)

((a) single-stream multi-modal ; (b )joint multi-modal ; (¢ )two-stream multi-modal )

1 )LayoutLM (Xu % ,2020) . structural LM (Li 4,
2021b) . Docformer( Appalaraju 55 ,2021) .BROS(Hong
%%,2022) .Formnet(Lee 55 ,2022) K HFE T Transformer
ZRFL ) F 3 Z2 BEAS Al A (single-stream ) o LayoutLM
(Xu 4§, 2020) Fl Structural LM (Li 55, 2021b ) 44 4 5t
Je B SCASAR L A A BRI ey 7 B BLHEAR N
hEREEBIR T ZE B, S 8UE Bk
AL H. . BROS(Hong %5 ,2022) Formnet ( Lee 55 ,
2022) . Docformer (Appalaraju 45 ,2021) il i 2 A8
Transformer PN &R {3 & J1 AL 15 19 07 =X, 42 i 245
A5 ERG . Bk, BROS(Dai % ,2019) £t fi
FH SCASHE 22 8] B A R 725 T 7 5 4 B SCASAE 1) A5 oy
TR Ay 2 T B 1 i, 7T DA S804 T SCARAE
BN H AR R 1 23 [ f7 ' . Formnet (Lee 55
2022) 4 # 3= & 14 7 F (rich attention) , ¥ 5 46 %t 37
R AR R A R BB, THRAR R A5 Ja A 1
(18 R y Bl RO AR SRS 22 T 18 MY R XS 5P i,
Ve B A SCARHE 1 7 2 153 %o Docformer (Appa-
laraju 55, 2021) 41 t 25 [A] R 1E AL o0 9 AR AR Ay 5k 22
4% %38 A Transformer (45— )2 Hr, 25 B3] 23 1] A1
o = o N = R S R N R ¢ B e =

Transformer H, M58 R AE FIE SCERAE 4350 N A 1
B HLH I A AR E

2) LayoutLMv?2 (Xu %, 2021¢) . LayoutXLM (Xu
% ,2021b) | StrucText (Li 55 , 2021c) , XYLayoutLM
(Gu %% ,2022) Fil LayoutLMv3 (Huang 45 2022) % H
H5 T Transformer 2244 A& ZBISRES , W] LX)
XPRFALERRIE RN SCASRRAE o 33X SEASE ALK 5 47 AE 1
SCAFFAE & 2 1 — AT 51, /E K Transformer
AR, SEBLES AN AC T R, 2 [ 1
FE R L 5 1A B R Z v, DU G b 485 S
447 J5) o LayoutLMv2 (Xu %, 2021b) B I £ L3¢ 17
ST 55 b HI3E T Transformer 4844 (13K & 22458
ARG AR SORE B (5 B B RG]
fEME . LayoutLMv2 (Xu % ,2021c¢) 42 Hi 23 [ B %0 [
I IHUE] , Gbt SCASAE Z [ AR E R L B R S
25 (] AR PR AL B T R A LA . LayoutXLM (Xu 45,
2021b) & FH 5 LayoutLMv2 (Xu %5, 2021¢) A B f4 A5
BYZERG O AL 5 45 B Al IBUHE 55 1 21 5 IR .
StrucText (Li &5, 2021c) & A [A]R7 BE 1) 22 L35 FF
AE B an SCAS B 2B i wlaml 9 5 o TR A, StrucText fd FH
Hadamard s F40 BRA [A] 25 A2 22 [B] A AP AIE , LA
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F 5 LayoutLMv2 (Xu %5, 2021¢ ) AL YR BRI 45 4,
e Augmented XY Cut BIHPLE H A RO A A4~
SCAS TE A 04 ) IR , 4 R R P = A SOR 15 L
it A, dilated conditional position encoding (Chu s
2021) 73 32 AT A A R BEAS ) B 007 B2 R [ o, fife ke
SCRY rh SCAAE 3 FIALBE A5 L G B I K BE AN [ )
., XYLayoutLM 7E [ % 52 2% (1)1 Jag R I, an 115
H IR 2 SRR B S RO, A BRI B

3) SelfDoc (self-supervised document representa-
tion learning) (Li%%,2021b) 1 LiLT(Wang £ 2022a)
K JH AL T Transformer 4244 19 XU 22 B85 Rl & (two
stream multi-modal) , %5 > 25 H 2 — A FUph Y 53
32, PRV SO AR AR AL, SCAKBE I
e R AT LAAE 4% 03 3P AT AR L AC Ho o SelfDoc (Li
8 ,2021b) X TRl — B — RS R i A%
PEAT RS0 2T 2 (P B S 18 G A i A R
a2 5T BT SC E R . LILT
(Wang %5, 2022a ) K SCAS FIAR Jay £ 1873 53 A A% i
Y 3 F Transformer 2244 /1) g 15 2% 3R 15 3= & FR1E -
Wang %5 A (2022a) $2 H XU ] 3 2 7 B 4L (bi-
directional attention complementation mechanism) AJ
LS I SCAS 5 T 2 RIS RS A HL
1.5.3 WIS

Xu 55 A (2020) | Appalaraju %5 A (2021) \Li % A
(2021b) . Xu 4§ A (2021c) . Lee % A (2022) PA J¢
Wang 55 A (2022a) i J R MU RCAE O ZR B AR
REFET P R A5 245 BRI 7k K3
BOE 3R I ZRAE S5 o 52 BERT (Devlin 4% ,2019) i
Fifi HIL #1515 5 (masked language modeling, MLM ) il
YIZRAT 55 15 &, Xu 58 A (2020) $2 RS L 3 1
{F %% (masked visual language modeling, MVLM), "] L4
BEAIL M SCAS AR B 55 o B A oE 5 5L L (HAR BE
H M8 A5 B, MVLM A B RS 5 Bt 1o
B AR o] 25 T B SRy A T DL AR R B
Y by At A ) 1 TR AR 5 A ) G AR DI B T 2
€ BN SO R AR AL o LA Y A ) Sy 4
15% HIFRIC (token) , HoH1 80% #eHF 7R ARiC [MASK]
Bt 10% BN BTN R Pl RE i BEA LR 10 4
10% PRFFAZE . Wang 45 A (2022a) 48 H S HE R A7
(key point location , KPL) Il Zk 4T 55, KPL Bl AL 1%
PBEAE R RIS A R R B M 5 MVIM —

o XufF A (2021c) $2 1 VERC I ZRAT: 55, 43 0
SCAAR 55 X 55 (text-image alignment, TIA) il SC A [&]
1% VT B (text-image matching, TIM) . TIA 7] LL#5 Bl
2 o] RGN SCASKE 21 FE 22 (8] 1) 25 [8] 3r 00 1 5C
F o TIM SR HPRDRLEE B A5 0) S54E 55, 5 Bh S B~
2T BRSO N 2 Z R X DG AR
1.6 iHElRAIIR RS BIRE

SCAKG IR 5 (text reading) (Wei 55 ,2022) AR
AR B AIBE 5523 Sl 2 SCR 1 5 N PRI AL 55«
Zhang %5 A (2020) Fil Wang %5 A (2021h) 1Ak SCAKS
IR BE £ Al PR A 5 AR SC YA 55, S 2
Ui ARSI ] L[] A i 7 WS A 55 RO PERE L SUAR K
ISR AT LA HE A5 15 BT 55 10 2 B0 B Rl
B SEAR BT 55 ot TG BEE B I B &
[6] 2 32 ) SCAAG MBI (Qiao 55 ,2021) .

Zhang %% A\ (2020) Fil Wang 55 A (2021b ) $2 H ¥
A5 S A IR i B S A Y R SOAAS I SCAS U
15 B3 AR 1 23 SCE N 45 SR TR, SC
AKG I 43 57 38 33 RolAlign (He 55, 2017 ) 15 21 4005 45
fiE, SCASR G 53 323845 1 A5 B o TRIE(Zhang 5%,
2020) 5% ] 22 3k 12 ALK — 4E 7 8 A5 B AN X
FHERA 4528 T BRSO SCRHE . 7E15 B
IR He , TRIE $2 7735 B 9 2 828 BT SCRl &
(adaptive multi-modality context fusion) , 11 B0 8 45
AEAMIEE T bR SCHYTE SCRRE B IR, 75 21 B AT |
T XH1E B o VIES (robust visual information extrac-
tion system ) (Wang 55, 2021b) , X} SCAS B il A5 Ek
T2 —4E R, 15 20 0 5 A3H SCRAE . F & N
FHERABRGIAZ )R Z KB L, 455 4tk
A, o3 AN DR Y 2 RS i . X 2 RS
Bl 45 J5 (4R AE , TRIE (Zhang %5, 2020) F1 VIES (Wang
85, 2021b) ERFERFIE S A BIARE R 3] 251 BB
(bidirectional LSTM conditional random field, Bilstm
CRE) 0 SEAA A 2 5]
1.7 M5EBMENGEEREXS L M

AR T B WL (S AU i 7E FUNSD
CORD I SROIE 3t 3 R b, SCORTUGI A S A 4k
ARSI PERRZE R K 2 R, MR 2E AT
W s 27 FEE T 181378 19 07 15 5 4k TP 9 s 1 7
ETEPERE EAH LR A (0 . ARSCA N BT s &
IR T IR R 7 A Z R B . E o, Kook
A7 5045 4 BERT (Devlin %, 2019) %5 [1 9K 18 5 Hil i 5
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x2 AREBRRERBTEF XS

Table 2 F1 score comparison of visual information extraction task

/%

1155 ik FUNSD CORD SROIE
LayoutLM (Xu % ,2020) 79.27 - 95.24
TRIE(Zhang % ,2020) - - 96.18
PICK (Yu%,2020) - - 96.10
SelfDoc (Li % ,2021b) 83.36 - -
ViBERT(Lin%%,2021) - - 96.40
StrucText(Li % ,2021c) 83.09 - 96.88
Structural LM (Li %5 ,2021a) 85.14 96.08 -
SRUNL] UDoc(Gu%,2022) 87.93 98.94* -
LayoutLMv2(Xu % ,2021) 82.76 94.95 96.25
DocFormer( Appalaraju % ,2021) 83.34 96.33 -
BROS(Hong %% ,2022) 84.52 97.28 96.62
LiLT(Wang %5, 2022a) 88.41 96.07 -
XYLayoutLM(Gu %5 ,2022) 83.35 - -
LayoutLMv3( Huang %5 ,2022) 90.29 96.56 -
FormNet(Lee 2 ,2022) 84.69 97.28 -
e StrucText(Li,2021¢) 44.10 - -
AR EE
LiLT(Wang,2022a) 62.76 - -

T ORISR | = 2R X R SCRROR 4 SR 2 2R

BEAY R AT R SR SOARR B 380 5 R, HE R
WA e AF B IO 55 B B 2505 1%, AR
FURLIC R 1 1 T R B A5 A 2 8 0 AU s e, e
B S ZHRSE R

R BE T 4 2R iYL e 15 S A IO T ¥ Lay-
outLM (Xu 5§ ,2020) AN, 27 AR S L3 5 B 4h
WAL R Z 802 2 TIPS £os . k27 IR
L TR 91 3R B E (5 B AR5 72 LayoutLMv3
(Huang 4 2022) .BROS (Hong 45 2022) . StrucText
(Li%:,2021¢) 43 54E FUNSD ,CORD Fl SROTE %4 4
RIS T ROREE R X R OB TR SRR LS [F
BB T LW Transformer HEZE (Vaswani &5,
2017) AR RUBEEE B ZREE AR (Zhang 55, 2022) , A
TTAER DA P A b RS R ) 2 RN SERK

WAL, T 7 51 2 7R 1A 98 A B A By 125 7T LA
{8 Bl Transformer 2244 , 3 73 4% e 22 W02 G it 8 1R
THAS R 4 Transformer 3 55 I LAY 7 2, A 250K
KRG P& R SO AR SRS E BRG . fln,
LayoutLMv3 #2 1 SC A8 — & & 3 % 5% (word-patch
alignment) (i TN AT 55, I Bk AR MR A2 D

T PG, T SCAS Xof 7 PG B A e Y, 2% ) 5
RS X 55 . M BROS R ] X 35l 48 4% 3 1% (area-
masking strategy ) T I Z:AE: 55, 15 11 HAT 25 [ &N Y
TR TIHL , it 2k 23 1] SCAS 1) AF X 1268 % 46
AR

H AT, S5 B R R B AR Kk
A ARG A RO Rl S 2B E B e S e A =)
R 5 DRUAR 0 5 SRS UG v 32 AL RE T ] fige ok
PEAE BAEBUT 55 Hh 4 few shot [A)RE G a] ke 5 SCA
AR DU IR A 1R R0 A5 AU 5505 B2 b 52
S FLIR X — S R AR e T 14 [ S8

2 BENXFHRE

Gy SO KR B9 FUb e G2 v (6 MG R
25 E AT SO R BSOS . BRSO R R
Tk TR R BT 5 i SCR B8 . i, Almazdn
4 N (2014) #2 4 f# H PHOC (pyramidal histogram of
characters ) [a] 15 7R HLia] | 8 o 1R A ) SO L in]
EUR Z B IR BRI R . X TR CFRE,
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e, ZF5R, B, BEE, BF, S, ke, EEF
VASCF 2 ol I EMG IR R R R 73R

Y 7R KRB FE WS, R A4 $ A F 7 ik il
AR R R ITIE
2.1 BEXFRELFEEMIENIER

AR SO T B AR F AT R A RO AR Y 3 Fh
Hodls 4R o3 ) 2 i B SUAR B 2E (street view text
dataset, SVTQA) (Kai 45, 2011) 3 5% SCARK 2 44l
4E (scene text retrieval , STR) ( Anand %5, 2013) 1 30/
K R B3 £E (cocotext retrieval dataset, COCO) (Veit
45,2016) o SVT 7 349 I 7 57 (K145, 76 1 i £ vh
A 427 ARIC R AR SCAR . STR AL F 10 000 B 14
B, 50 ESCF, T 2R MRS, B
A —E Pk . CTR A COCO-Text(Veit % ,2016)
P i 500 /4~ ) SCA T 196 iR 1114 41 18 B0 4
M A R AR A 7 2 HE SRS BE (mean aver-
age precision, mAP) 1T o
2.2 RFEHERERE

T AR A SR 5 R Mishra %8 A (2013) IR
P& Y 5O CFER R AL 55 AT 55 T B AR T A
ARSI B . TR R SCF R RN
G I NG T A4S 57 ) AT 5%, Ji e PR S S 46
55 A 90 AT ER 0 A R0 B A AR BE AT HE Y -
Ghosh % A\ (2015) R JHE RS ZR L A SCF Xk,
P A S8 ) ML D 23 28 48 R B0 SC 5 #49 PHOC 1]
T SR, X PARR 5 AR T TR I Rk, JF HL
K S FAR R B i T A B TEORS B AR R
Fsz B BRG . X, Gomez %5 A (2018) 42 i} Single
Shot CNN (convolutional neural network ) 2244 , RE % [7]
FIF S0 SC 52 5] 457 5 R HC S 102 1) PHOC [r 3, DT
R R AT 55 e g A8 0) SO X BT [R5 4 CNIN it
) 2 B A AR R A, Mafla 58 A (2021) i — 254
AR IR TE T AR IR R WLt i REAS |
KR MERE . Wang % A (2021b) $H T — A~ HE i i
{18 it 381 i HE 4, K S A DN R REL L B i T K 5
oAl o rh b, A5 L AR AR AR DL RE XA 81 Y S5
S THEY BRI S S SRR
2.3 EHMRWERFE

Bifi 4 PSR Z L 22 137 (visual grounding) 45
ZREAE 552 8)) 12 K, Rong % A (2020) FF IR A
REGE HRTEF A TR SRR L ik
TEAKRIE WG 5T, e —A) AR & ik, Bl an
“larger text above a pile of oranges” , #8175 22 M\ K114
Hh R B 3% T R X R I SO S B O AR R A

“$5.95/kg” . N T AMES  H R T
198 U 9 A0 S A I 8% ke RS S A I i il
L 3B G B SO . R K — A R
I B SC R BRABARY T SCE S S R S
BATERA gk, th 1 SO PE 43 R B0 2 17
N SCFREHATHEY o #2522 TAET, Rong 58 A
(2022) i — 25— AU | DA T S 30 35 2] I
(RS AN r B FTTEUN Al AT T 2L i) SEVAE A P )
THET ARG F R 0 5 50T 4% (Rong
45,2022)
2.4 BEXFREFEEEIT LS

A T RS BRI RMTE S5 E I ERE L
gERANFEE 3 TN . Wang 55 A (2021a) £2 H 7 3 21 vty
TR TR HE BRI A5 3 SCAS G R Z2 RS AR (L 2 >
)P4, 388 2k X A6 T i ) SCAR SEI AR DL HE I L KR
A SE %, IR 7E SVT . STR . CTR 45 3 M 4
FAERR BN T FSCHE AP RE . BT R SCAAG I Y
TP FIURE AT S0 O MRS P | dn e B2 5 B4 O VA Y
R IR G SCAS KGNS B2 A A — A B AR A 5 1Y

jZSCie

R3 BENXFEGKREFEEEITLL S
Table 3 Performance comparison of scene

text retrieval task

IV IIUER R /%
Jre FPS/ (/s )
SVI  STR  CTR
Mishra %3 A (2013)  56.24  42.70 - 0.10
Gomez % A (2018)  83.74  69.83  41.05 43.50
Wang %8 A (2021a)  91.69  80.16  69.87 3.80

TE I TR FRIR BB AU EE 2R, =7 3R X R SCHRAR 45 4 52
LiediE s

3 XHEAREE

SCRY AR BE 7125 (document visual question answer-
ing, Doc VQA)%‘E*&%%&iﬁXI@ﬁ@G}% AR
FRR a5 il U SR RE Ty, iy HLEOR B AL —
3 T M RERE T o SCRSAILSE 012 R LABh 25 3R 3 5L
#4530 AT I 31 3 (document analysis and recognition,
DAR)AT 25 1 M fifp e SO 5, A0 T LU R Bl 132
O M 7 5 A A S B R[] 24 L ) R, Rk
Ui, SCRALGE 8122 n] LA A0 B0 ) SO 23 B i
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B, A Bl A SOR R S U R, 4 SRS IR 5
e o B A B SCAR A, 140 SRS AT U (Qiao
45,2020) A Jay o BT RS SRS | 2 )5 1558 53 F T
FEWUE B SCAR AR FIRE A5 B Sl BT il
BRSO IR AR B AN [ SO 1 26
YA SCRYALSE (R0 2230) 32 3 26, 43Sl 2 B SCRS R i
[ 2 SCRYE S LE 12 (document collection VQA,
DocCVQA) (Tito % , 2021) Fl {5 1. & & ¥ 5 ] 2
(infographics VQA ) (Mathew % ,2022) .

3.1 XHEMELEHESE

Mathew 25 A (2021) 4 Hi 5 SCH L 5E ol 54T 55
(single
DocVQA) , HR 48 45 7 A BRI SCRY A5 0 42 i f9 1)
RO, T LA E DA SORS [R5 Y 25 rh b BB 5 28 L v
BB S . DocVQA JZ 5 — 3G T SO IEIMER Bl ve
] 284 55 Bt A, SRS HL A5 fe A A5 B i
AE, T gl 55 SCRYZH A, 90 e I3 ek
B2 SR I SCAR R R SCAR B 3431 12 767 18 30R
UGS 2 X R Y 50 000 ARl &5, [] 8 S 344 3
o 8. 124~ ] gl sy i L 70, 72%

Tito % A (2021) 42 t SRR 5 AL M1 25 (docu-
ment collection question answering, DocCVQA) , § 7
AL o BN U 2R SO BHR 5 X AR ]
B HL A AN A B0 SCRY UG AR B 4t TRl R, A
AN L R 25 2 5 I R 28 58, 300 i A R A 35 HE
HA S AR B SO R 5 o BARSRBE, DocCVQA
BARAEALAE 14 362 1R SO IEE, th T XRS5 Y
PG AR 55 R 248, DocCVQA $ ¥ £ Hi% 52 20 4
R, 2 SRR T 2 AN Rl Y SO

Mathew 25 A (2022) 42 ti {5 12 K2 R 5 24 2%
P54E (infographics VQA) , AT 55 Ik /D 1 H K SOAR
A R SORS EHR B8 3N 1 5 225 TR KB A ey 2
PSEAF DA BEARTF A R ) 8 . e Ah 15 R
AL GE (1] 25 AN AN SRS B A i IS R A BE T L ik
BRI Bl i BUE AR B T5 SOREUR A A
e B A b HEWT H IE R A SR AR T . (R B EDE
PRE [ 225 B PR A 41055 5 485 M L T [nl 25 4% A
30 035 X I XS . S Ty AT B E ), R BRI
PLDE [ B FE R W AR 1 BRIl RN 28 S8 AR LM
BAER ik AR R R Aok A T30k
BGRB8 AR, 2 5 ok H UK 3R
& EDE M B CHAB R 15 B A R (5 B A SR 2

document  visual  question  answering,

AT DL A I R AR, X T AR A
REARAF A R M, 2B R G Tl 2R o2k
BB AR B R KR
3.2 XHEMELOEFIENIER

SCRSRLAE 5 25 1 2 Biten 25 A (2021) 5 4 1 F
09— 1k 4 5 A0 U (average normalized levenshtein
similarity , ANLS VXA AT PEAL o 22— )
Q. BEFINRA GO R M) FIAL R T (1) 24 22 91 3=
PO JERN N) , S iids 69 2 FIUC e 5 kA5 21 BLAE — T
MAERXS IR U, RIF IR B — T 5 %
Xt B9 NLS (normalized levenshtein similarity) 53 54 22
A, B LA AS 71 2 K B8 1) fie R AR I AT 75 51 ANLS
febRfl. BAAN

U=y (NLS(G, P))

meN)iNLS (u.)

2T, w, Ry ELAAFITRIN (B 2 8%

SCRAR A ILIE M) 275 K AT 55 (Liu, 2009) 1
TEAHRBR A EKE B (vetrieval MAP) , PEM AR S5 H
BRERINAETT
3.3 BMHAREE

Mathew 3¢ A (2021) $2 H 5 SCRS 8L 52 [ 24 AT 55
(single
DocVQA) , MR i 45 5 F4 515 SCRY [R5 A ) By 7]
o A PR HER R IE A 2Z % . [T, Mathew 55
N (2021) $2 Hh W Fh BE L AT A, 73 Sl J2 A% 8 1) 1] 25 A6
B BERT (Devlin 45, 2019 ) F137) 5 305 05[] 2 4508
M4C (multimodal multi-copy mesh ) (Hu %,2020), H
ARG, 38 3 SRS F3 A7 TR A1) A Al P 45 1 S
AR AR N ZE B4 AT B3 Bk 7 20, 5
AN BTN —BUTF I A PR SELAS R (A
3EF BERT (Devlin %, 2019) () FELAE AL i H] SquAD
(stanford question answering dataset) £ #i& ££ (Rajpur-
kar 25 ,2016) HEAT WU S5 , B 78 SR SR GE 012 3C
PEBA . 2T M4C (Hu 55 ,2020) (3£ 4 75 12K 7]
G P Y SCAR G I B — s ] opy 7R (] T
FH Transformer #£ 8 , FLVF R SR S 5 B0 [A] AR
SN BRRIERLE , P AR Sh A Tk AURUR TR )
18 SO B E /N, RS g A A S . H
HI TR 7 VA AU X 37 5 SO Y 1) 2 ), O
AN T BRSO AT M1 A 55

B SCRY R [T 252 5 AR TE A SCAS Bl SOAR T R

ANLS = (2)

document  visual  question  answering,



$28% /5 8H] /2023 £8 A

e, ZF5R, B, BEE, BF, S, ke, EEF
VASCF 2 ol I EMG IR R R R 73R

JE o TR H RS Ao 12 1 5 B0 T 2 R e
B AR SAT IR RN , BT A A DR BSOS AL 5 [m]
BT 55 I R F RS 1 SCAS TR P I A AL
Li %8 A (2021b) | Xu % A (2021c) 1 Huang 55 A
(2022) $2& Hi BT Transformer St a5 (14 7 Il A5 2L
BT B TN ZRAT: 55, 30 3o F i) SO P45 Y 5 53
TR R A SRR . Li % A (2021a) $2H Struc-
trual LM FRIZRAERY | 0GB S oc 0] 19 1 SUAE BRI
At Ja 7 JEXF SRS LR 9% F B O 3d Ao PR 01
155, BV RS L5815 5 11 55 (masked visual-language
modeling ) F1 5. 70 94 51| 437 & 10 4% 55 (cell position
classification) , 78 43 fill & 5L T 900 918 AR B A
JfE B o XufE A (2021¢) A FE i SCA B AL 5
BO5 SO B S (5 B ) 45 %, 42 1 Lay-
outLMv2 #5578l f- 5| A SCAS F1 184 Xt 55 (text-image
alignment) U 24T 55, WOIA T2 501 () SCAS & A5 7R 1A
B W R, A BRI 2 ) 17 9000 SO AL 5 A7 B
A B AF B Z (8] 1 25 (8] X o6 & o LayoutLMv3
(Huang 55 ,2022) 44 ES U1 FI B, B HER T BUR 1)
PG P A S 5 45 S, S MR 2 AR Bl 28 9 9%
Faster R-CNN (region convolutional neural network )
(Ren %%, 2017) ETRAZBASERFAL , 37 BB S5
AR AR

TILT (Powalski 25 , 2021) 2% H ¥ 3| ¥ /) Trans-
former Z fith 2 — i i g QLAG A AR | W DUAR 48 SCA Bt
Z 18] B AR AR B AR T B I FE R R 22 (atten-
tion bias) , B4 M 2R SCA B AT R {5 2L L i A 4
RlE JE B 2RSS B A, B A A E ] R
M.

AT 7 AE DocVQA K 4 b A9 PERE LL R4S
mE 4R, BERATLUE B 1 s 1Y
AR SRR Y, A b SRS AL TILT (Powalski 2%
2021) ik B A P 8 o il B =AY B R — R
Transformer Z ith i 4244, 444 1) 0 SCRY MR A8 SCAS
A i A AR SCAS T8 mh SO 9 228 % L 1)
HH BB 23, TN 24 SR AR AR AN kA T AR
TR R FH S 21 3 9 Transformer Zh % s — fiff % 25 28
PR, B A Rl ) 2 52, S il B AE BAH L B
AAEEEFZALRE

Doc VQA $ffa 4 [l el i) 25 58 4] L) 3 ST
R UG M R AT, AE M FEXF T SOR R 1] 224 55
ARG /& T, s SR BT A A8 SR W RE T

Fz4 DocVQAHIEE A HEMLRE
F IR — L REEAE I RERT L
Table 4 Average normalized Levenshtein similarity
comparison of existing methods on DocVQA dataset
1%

7k TestANLS
Xu A (2021c) 78.08
Li %A (2021a) 86.10
TILT(Powalski %5 ,2021) 87.05
Huang % A (2022) 78.76

T L PSR e g 2

Bor BRI RE ST, IR ~A AR AR AR SR HE DocCVQA %X
PEHEF Infographics VQA $ i 48 , WHARIT 5T 1T LU fift
R T SCRY AL (01225 7 vk B A R
3.4 XHEAUREE

Tito 25 A (2021) 42 H DocCVQA $di 4 , $2t T
PIFPELLE J7 %, B baseline BERT (Devlin %,2019) I
baseline database 3£k 8048 2 o B ATTHR JE AR H5 42 7%
255 7 [R) 0 1) A X SCR HEA T HE I 9K 5 DHE T B
s SO R R IUE R . ARG FE T, baseline BERT
T SRR SCA S A [ 0 (9 A5 o B TR A R SR L AR
Je el P 2 SRS A ) 28 B AR, DG % 38 ) ST
PEEEA %€ . baseline database N2 42 BUEE & v
A SCRAE B, WS 4t 1 A i BB N i | SR A
R 5B DC I SCR RIE %
3.5 FEEREAEEE

Mathew 28 A (2021) # H} Infographics VQA £ 45
BB HRAE 3R IEZE Tk, B Layout LM (Xu 55 , 2020) |
M4C (Hu %%,2020) A1 Human, & 138 H {5 B EEM
Bt [ 24T 55, Layout LM B8 25U AT &, 7 Fai ) i 0
ASCARBETM . T M4AC B R % 3 5507
B [ AR ALY, P RETEAR B BB A9 [0 244 T 55
HRIAE. Human 75 NS T BhbRic i vERE,
A DVE MO E B EDE M s & vEReny 1R tesh,
BSOS W 81 25 A 55 19 75 15 TILT (Powalski %%
2021) "] LA EHE ] TH5 B DR [R5, PR B
—2E W AE LB SR RE T, T AN 2 A RO N 284
N R TR B RIE S0 AT 55 E A AR R I,
SR, A 15 2 RS (8128 7 AT SR AR AN I 151)
WNAE TR 55 TR B SRR T 2 A G T 1 242k
FHUETIT, RS AR A % .
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4 HEXFURREEE

28 B B ) 25 ) LR SR BE A8 A BRI TR 15 T
A1 4 E W TR, (B 20 280 T R P i — AN
B —— 5 CF o Singh % A (2018) T IR
S T Y ST E [ 2 (Text VQA L 55, B 2
A TF) 25 (V QA ) I ] 332 [T 45 o 19 3C 7, O HL i it
X 55 S AR AL B8 A2 AT HE B OR [] 25 45 7 1Y)
[, DA 07 R e () 24 B oy B2
Y S B SC, AN B AR P P 5 ] B B S L A A
TR SR M, P T P A R — M 755

AT S 43 ST R A AR O B e A
MV bR AR E X A R a i kit ngd . B
AR Z 7 530 E (R 25 7 AR & 34
R, BIVRAAIE $2 U B | A2 Rl S A ORI 24 S
B o AU IR 3 /ML © A Iy IS AT 1
AR IR LIRS, T 2R TN S A i B s A L
AR RER I, Bl — 2L TAEICIRR T 3 5 CF 7]
AE TR TN B A L2 R s 81 i P9 37 S S ) R AL
4.1 FEXFURTEELBIEE

N T AR SO R AR 57 4R I T 24
T ] AN [F] 3 5t 00 32 5 S 7 e T B e 4 . £
i TextVQA (text visual question answering ) (Singh 4§,
2019a) . ST-VQA (scene text visual question answer-
ing) (Biten %5 , 2019) . OCR-VQA (optical character
recognition visual question answering) (Mishra 4§ ,
2019) . TextKVQA (knowledge-enabled visual question
answering) (Singh %5 , 2019b) Fl1 STE-VQA (scene
text evidence visual question answering) (Wang 55 ,
2020b).

TextVQA (Singh %5, 2019b ) J& iz B 42 Hi A 1 [7]
Yy SO e (2B BRI S o TextVQA X E &
T3kA Open Images v3 (Krasin %, 2016) ZU 45 5 /9
28 408 i KGR LA K 5 Z XS 1Y) 45 336 AN, A4
7 RS o ) 2 -4 B 50 B SR B A e g i
B[ o TextVQA -2 [A] UK JEE o T ST AL
) 22 i A |, 45 S om SO ALBE R AR S5 4 1 TR
Pl

5 TextVQA #5445 %2 K [A] , ST-VQA (Biten 55 ,
2019) A B AT 6 > A [ i 4l 4 A il 2 Hi 4
Pl DL, 3 ) Y Z2 R T L 28OS AR B O T ]

DL Al 3 oy R b B 5 5t SCEAE A R
IR

OCR-VQA(MishraZs,2019) $E4E 6145207 572 18
5 8 1T 14 TR % DL K5 2 69 1002 146 4[] 25
XF, T 3 Sk K B A AR A 4 A AR
R

Text-KVQA (Singh %5 , 2019b) 2 45 — > # 37 5
SCF AL 0] 25 5 AN TR R TER A i B i 4R
W LR S 5 TR DL S B AR B A S B
SR UIMER N EE A0% 25. 7 TR E M 130 T3 %3 [A)
BB A S 1 SN IR <

STE-VQA (Wang %5, 2020b ) $ 415 45 2 — 4~ [] i
A5 TR SO o 5 SO [ B R AR R A T
T RRA ) RIS G Y R DX AR O HE FEIE
i, DT 968 553 N 5 5000 i g R AR D Pt R g 52 i
4.2 BEXFUREZTEMIER

S AL G e [0 2B —FE TR R (accuracy , Ace )
o AT T DAl T 1) 28 58 5 L S AE 2 ) Y DC i R
BE o R[] AT LA R 2 AN AR It LAUE
T 38 T 3 o X A R AR R . B

Acc=max(3,1) (3)

Ao, n 2 5 TR 58 A UG TE A9 27 28 bR 2 I R A
WA 3B Z2 Y DRI, DA A T Y 227 58 02
ERRRY .

SR, HERA 88 AN RE X 7 OCR R 152 AN B A
- Vs i R LT (R =L S i R P
K7 RS A SR A5 R B EPSTY i
AJECPEPSL”, TERXAME LT , RV IZ A5 7Y G A% i
o HATHERE  (EZB R AN 215 2 5 . R, P34
5 — 4k %t %5 41 2L P (average normalized levenshtein
similarity, ANLS) (Biten %5, 2019 ) Ji 12 & DUHIUI 24 58
LSR8 58 22 ] 110 i 4 2 A A 6 1), O Sy

1 N
ANLS = N;( max S(a;, a,)) (4)
1 - NL(a;,a,) NL(aja,)<Tt
S((lij, (l,,i) - 0 NL(aij, aqi) >

AP,V g [ R S, MR B IR ) LS 3R Y
B a(0<i<N,0<j<M)EHIEE o, 28
i A0 g, ST 24 28, N 2 0 — P 1) G 5 AR AL o
B 7 = 0. 5, T A R AR A7 A4 B 1R ml iR
IR o
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4.3 FHERE

FRAE 4 JRURE B2 47 [R) A0 SCF R AIE R )
PRRAE R 57 SCF R AE SR IR S I S 31—~ 2 2k
FRAEZs 1] o HAASk U, 22 RO 7 2 A1) T LSTM (bi-
directional long short-term memory) (Gomez %,2021) .
BERT (Devlin ¢ , 2019) 8¢ GloVe (global vectors for
word representation) (Pennington 5 , 2014) %% 7t il £k
T T AR RS R RRIE . X TG R B e P A
RRAE BRI, 200 0 BE T RS 0 AR AE 7R AL T
DA RRIE R R o Hovh, BT I A (0 4RI 3 2 1
T2 14 4 B M 22 00 28 S ORI 58 ) PR AR A 5 6 T
DI AR 27 S HT E B e D0 33032 S SR ot )
(ARFAE . LA, B Transformer th P AR A (14 1 fiE
TG A5 5  AAG I g T AS- 38 32 B

XF T 55 SCFRAAE I S IR, 28T AR R ]
e A (OCR) 75 1A I AR 531l 37 357 307 (Qin
85,2021) , SR )5 FH—48 B SR 15 5 Ab 5 2 iR Sl 45
RIEAT W HRHER R o 140, LoRRA (look, read,
reason & answer) (Singh &5 2019a) RN CFFE
LS A — 4~ 300 4ERY FastText(Joulin %7, 2017) [i] &
FE M FERE T, M4C (Hu 55, 2020) ARSMMA T —4
604 4t 1 PHOC (pyramidal histogram of characters)
(Almazdn 55, 2014) [a] 5 /E g i SC1a) A9 4 58, IFF)
JH I 25 B Faster R-CNN (Ren %5, 2017) $2 Bz 5
SCEF R A WA BE R AE A AE 437 B4R AE o Sharma FI
Jalal(2022) 44 I 245 1) /&5 1R 5 488 ( Gaussian mix-
ture model, GMM) )i | F* PCA (principal component
analysis) AP ) PHOC RRE I, #43 Fisher [a] & 4
AR 955 307 1R XAF BN ST . i1 T FastText
1 PHOC S5 SCRAE ] o 30 3 50 307 Ui 45
RUEATRAERY , P23 32 3] S U 45 2R A 5200
AT PR IX A 8] 8, SMA (structured multimodal
attention) (Gao % , 2020a) il SSBaseline (simple
strong baseline) (Zhu 5% , 2021) B B 5] A T — 4>
RecogCNN (recognition convolutional neural network )
T SCRRAE , B 4 DA S TR0 I 2% 1 v 8] 2 A7
SR, By LA A2 SR S5 R /N o ik — 20
BOV (beyond optical character recognition visual ques-
tion answering ) (Zeng %5 ,2021) 531 T —/ SCFHHC
AR T SCIBR SRS 0 465, B AR 40 S IX s 4 o
TR FRHOC 5 11 SCTa) e, BT 22 A e SO 3R B R i
T A A R R AR Y DR AR Y R

4.4 BEEEEMG

BEX IRRHIE SR IBUS HR IR 2SR AIE , 2245
AR HE BT S AT RS N IS A B A il
& 5., I AT RHER, 3O T R UL
)22 AE 55 AR Ok . BN RL G HE BB AR 4l iR
FHR P8 HESE | T2 B0 73 Sy B TR ALl A 75 1% |
T Transformer [ 7 A FISE TR SR ZE M2 1 71k
4.4.1 FETEERDPLRE 5k

ZALG NG ) 45 Pythia(Singh %,2018) HY
Ji & , Singh 48 A (2019a) 4 H} TextVQA %4k 4 11—
ANFEMERAL LoRRA , B 58 A KHE T 2 ) L e 5 1
RS H] 28 H. . LoRRA B A4 5 3 4> 21 iU 43, B
VOA 41 (OCR 4L FI I & A . Horp, VQA 21 1F
I OCR ZH 4 AR 45 170 50 S5 G % 3 31 % P10 o e
AEFN G ) 5 SCF R AR HEA T VR R 0 I, PRAS B
M 445 i O T TIN5 58 o ST-VQA (Biten 45,
2019) R FH HE & 3 & 1 W 2% SAN (stacked attention
network ) (Yang 55 , 2016) 1 Ry JE£E , fiff F [n) 2 11938 XL
FTRAE Ry A R B AR b 5 SR DG Y XA
Gomez % A (2021) Fl Wu 45 A (2022) #2 i Sl 24>
B AR IR ZH 5 LR 5 R AIE , SR 05 FH TR) e SC A o
TR A, THRAE RS RRE B TE R A, A
1717 S5 BEXS UG N 37 55 SC 5 M MBS AT IR 5 2
TR R A T DL A SRy PR A A 25 ) o A
012 25 7 R ) 25 38 SO RO MR 15 0 1 A Y fY)
A ARREME . TR 22 07 VAR 2 T B ks DA TRT R
Hh i JBCRY AR AR S B TS B LAY b, T RUA«t
(reading, understanding and answering the related
text) (Jin 55 , 2020) fdf JH #IL 5% Be) 13 B fi# J7 5 SDNet
(Zhu 45 ,2019) K FRHC 5307 ML S P 1k 1 BT
SRR AT TR RHIE S BB RE T o kAh,
R T TG A7 R 3 e S AL P R 2 R Y DG ER O
Z5, RUArt i £ 1 0 3 25 T AL 20391 S A S 7 A
YR Z IR A SOOC R AL E R T T RIALAY
biiiki 2
4.4.2 FEF Transformer [ 777

Transformer( Vaswani 55 ,2017) 1z F H i# & 1 #L
il e AR A SRy iy BT SORF L RE RS T A R A B
FRBS AR G 28, il T L0 R 1R RE TR TH S HL AL 5
(computer vision, CV) . H X 15 5 4t # (natural lan-
guage processing, NLP) Fll Z LS GUAR IS T H K
o A s SO (R 240, Transformer 2514
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T SEAE M4C (Hu 55 ,2020) TP BN T . MAC KR IR
(4[] R ARFIE A5 ) AR I R 37 S5 SO R A i e
S B — A ez ] (o e 4 22 Sk TR ) ML) 52
MENTBEESNAESZ MM HBZEE, HIT
Transformer 58 K RFiE KR BE T, MAC B Z Hij J7 ¥
4G TARKRAPERESE T IR 51 T — R I LA M4C 1E
SR LR Y O A

7% BB MAC 17 [F] 44 b 32 5 2B A7 X AS [R5 2
5 AR B LA X 23, W] RE S 2] B TR A, SA-
M4C (spatial aware multimodal multi-copy mesh) (Kant
45 ,2020) FE T — 723 (] [ S5 44 SRAE 5 S A (£
155 SCF AL A ) Z 8] B9 25 18] 5C & L 4 it
K Z 4l B Z2 BN Transformer 1Y {73 1252 .
CRN (cascade reasoning network ) (Liu &5 2020) 7Efil
FH Transformer Z {ij , F—>#r ik 2 E 2 iz b
Ml & Z BB IR T — > 2B R
25 S S AU [R] SRR A5G 2R o Zhu 55 A (2021)
Ay T BB 3 2 L BB 3K 31 5 &2 2% Transformer
Sk AT L B AR RE , BT T R A R
(R HELE 7k | So ok I3l 0 B AL R & 2SS
B PR H% A JE T Transformer B9 A 45 , 52 35 08
INTIFEE SR . Zhang fl Yang (2021)IA R LAAE Y
Yy 5 SCFAIE R) 285 D7 A 1] T P A 2 1) (BT 54
TR AE EE A7 A0 SRR (19 G &, A BEAT RCHH FF AN
MO EER, HER T RIGER 2R E, T
i R 3 S ) ST, At AT 322 252 A R X 7 A S ik
It A Transformer {9 318 o #2 v, w1 H i 11 entity-
aligned mesh ¥ 7 5 SCFE PR O RHAE B3 5 K&
FRIEHE A . LOGOS (localize,, group, and select) (Lu
&5 2021) [AlFE L T Transformer 9 28 2045, $2 H— 4>
FENL RIEFNEELERY 3 L BT . BE5 M4C X
IR T — visual grounding #571 | GE 4% H 5 1)
IR 7R 7 57 B 012 G T A R DX, IR0 A 2R 261
7 A R R 57 30 WA AT AL, T T
T & 22 0 58 BE PR o HF I Hb , LaTr (layout aware
Transformer) (Biten 25,2021 ) 1Y Transformer 2244 2L T
94 K SCA B SCA A% i 2% J At (TS) RS IR E 21
BAEEE L9 T RSt R PERE .
4.4.3 HET ML Tk

H T PP 22 I 28 A 50 e B 3, — 2807
VAR HE R P PET ok 28 X 2% R e T 3 e S R i ) 22 A
55 S 2 1) Z 5 A2 B AR . MM-GNN (multi-

modal graph neural network ) (Gao %5 ,2020b) & H —
AT Z RS 2 W 45 gAY, Tl DU R R0
25 PR 1 G ZR K A 3L OR DLk 19 37 e SO
o BARKUL, MM-GNN 1 55 H 34~ B 454 3 1) 3%
AL TE AR B SCFE E R B LB AL
BAEAE R ARETIA BB R A S, 51 A R
AR EE R 5 — . SMA (struc-
tured multimodal attention) (Gao %5 ,2020b) 42 H} — >
BERIAL R Z BT B R, E I 3R
1) SR JHIRIRE A T PO ) S-S oy 6 R
ik, 146 35 2L 2 75 ORI 5 2) B T 914k
FNSCFNT A — A R K M 2, Il )5 | &
() IR R R TR R 25 5 3) SR T4 i — Sl
T R P A A A2 K& %8 . TIG (text-instance
graph) (Li 5, 2022) L AG £ T 2SI I W 45, 2 2
L/ LN I & SN IO =5 S W & PO A S S
2R TR T AR RN A3 T, DA RE 6% it AT 52 2
HRF

4.5 FERTMRER

N T 1K 5 Y5 30 R TR, H AT 5

FRRGE [ AR P 25 8 4 )3l B 5 P RR 2, BVl
YIZRER rh i M2 2 1) 20 )l 1) 1 5 1) BT pl 37 5 S0
AR s A FI A LoORRA (Singh %5 ,2019a)
T3 A8 S TN A — > BOL oy 2R R, H e
HEAN AR A S PERE T A R . O Tt A
KSR MAC (Hu 55 ,2020) #2111 T — 3 46 £ ™
2%, UL A A A A% ) 07 20 iU 56 o TR I R Al
|, LaAP-Net(localization aware answer prediction net-
work ) (Han 55,2020 ) 2\ R BRAT 3 5% SO 40 0 (0] 22545
TR RO 25 S I tofe = bR SCRF L MU 41 1 — o7 Uk
TRV %) 28 2 TOUI O 2% 2 0 28 AN AL A= ) A ) 2%
F& BT —A> 1 FEAE 2 S B0 A TE S . W 55
N (2022) fE 25 ZE W LS AN I 1 — AN 0 8]
P, H AR AT 7R 2 58 A5 1] b T30 e i 1) i 5 3
S )RR AT IR . SR, BIRTT AR AL T
T 5 BRI SO U 45 R IEAT HESR AN S B,
ROCFPIN AR B DR, S 7 i 24 S TRl AT n]
AE IR It , BOV (beyond optical character
recognition visual question answering ) (Zeng %5 ,2021)
TEEN BIE R XU, Bt T — 5T B 0w
ZAB AL R ) RS HoA 3 5 B SOfR
BB T2 28 i R B B 1% . 0 LaTr (Biten 55,
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2021) F) 1 1 38 R A TS A6 ) A= B 5, ] LA B
li] 5 TRV 26 22 A1 Y B 3R], 10 B 5 T X OCR #5251y
BRI,
4.6 ETHINSERAFINGEXFAROE
zik

Bl T R B 5 ) 2 2 R e, ORI 22 1Y
WFFEHs oz F 2 2 B8 U DUBAS B3R . TAP
(text-aware pre-training) (Yang %5 ,2021) 1 5 2 45
BN TT T3 5 3CF e 0 25AE 55 76 M4C
FEZE St 7R RE R R IR EE T . HAK ML, TAP #TH]
T A S — 1 BN 55, BRI S
AL HNEMR SCFIRIL, IR T — A AR X L B
T 55 227 2] MG b SO S WA 23 [ DG 2R
4.7 ETHERAZEENGSEXFAREE
zik

R 2805 30 A0 7] 25 HE SR OCR BB A)

HCRBET, L E N RE 55 R AL, Singh 55 A
(2021) 4t — N8 14937 5% 307 2 4 TextOCR,
FEAE TR TextVQA Bfi 4E 19 OCRARIE, I HIEKA T
TextOCR Il 25 i) Mask TextSpotter v3 (Liao 4§ , 2020)
WL 99 45 1 MAC (Hu 55 ,2020) P %, B8 T 45— A4
it 1) 3 64 73 57 SCF AL IR RE SR PixelM4C, Hh UKL,
Gy e SO RN R 45 2R AU R R A ] LRI 2
NP IR R, A7 S8R THSE RO
4.8 BEXFMREEZFELREXS LS

5 R 1 BT FEE A5 SO ) T ik
TE TextVQA (Singh %5, 2019a) Fll ST-VQA (Biten 5,
2019) A4 ERPEREXS LA SR . Bk 5 h4h
ST, e 30 VR A ) HL Y Uk (LoRRA 55)
s EEN LB RS 2 ] 1) 22 B 7 ORI
PEREAT B . ARXTT LA M4C (Hu %5 ,2020) 3
1455 T Transformer 1Y J7 ¥ RE A [] I 52 LA MR A

£S5 BHRIXFURELEETEEREXTLL 34T

Table 5 Performance comparison of scene text VQA

TextVQA £fis 5 ST-VQA #¥fs 4
WiReS OCR f5iHe AN
ValAcce/%  TestAce/% ValAce/% ValANLS — TestANLS

Singh 5§ A.(2019a) Rosetta-ml No 26.56 27.63 - - -
Gémez 55 A (2021) Rosetta-ml No 26.07 - -
Wu % A (2022) Mask R-CNN+CRNN No 28.42 28.9 - - 0.282
MM-GNN(Gao%,2020b) Rosetta-ml No 31.44 31.1 - - 0.207
M4C(Hu%,2020) Rosetta-en No 39.4 39.01 38.05 0.472 0.462
RUArt(Jin%,2020) Roselta-en No - 40.45 - - 0.481
SMA (Gao%,2021) Rosetta-en No 40.39 40.86 - - 0.486
CRN(Liu%§,2020) Rosetta-en No 40.39 40.96 - - 0.483
LaAP-Net(Han%:,2020)  Rosetta-en No 40.68 40.54 39.74 0.497 0.485
BOV (Zeng%%,2021) Rosetta-en No 40.9 41.23 40.18 0.5 0.472
Sharma F Jalal (2022)  Rosetta-en No 41.23 41.03 40.98 0.478 0.463
TIG(Li%F,2022) Rosetta-en Yes 41.09 40.77 - - -
PixelM4C(Singh%,2021) MaskTextSpotterv3 Yes 42.12 - - - -
Zhang Fl Yang(2021) Google-OCR No 42.8 43.41 41.1 - 0.508
SA-M4C(Kant%,2020)  Google-OCR No 43.9 - 42.23 0.512 0.504
SSBaseline(Zhu%:,2020) SBD-Trans Yes 45.53 45.66 - - 0.55
LOGOS(Lu%,2021) Microsoft-OCR Yes 51.53 51.08 48.63 0.581 0.579
TAP(Yang%,2021) Microsoft-OCR Yes 5471 53.97 50.83 0.598 0.597
Latr(Biten % ,2020) Amazon-OCR Yes 61.05 61.6 61.64 0.702 0.696

TE I AR R IR B R AR EE R, =7 FROR XN SCHRAR 23 S IR Z 0E, F R TR KR T 8y I R 4R
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ARSI ) F b A2 H, PERE SO  RESR LB R i . {H
JE5 MAC AR LL , K280 MAC B ik 9 TAF i fn
SMA (structured multimodal attention ) (Gao % ,2020)
CRN (cascade reasoning network ) (Liu 4§, 2020) .
LAAP-Net (localization aware answer prediction net-
work ) (Han 4§, 2020) \RUArt (Jin 55, 2020) % , Jir 47
KRB A R . HETPEREBF RORE IR AZ 45 T
R K 1Y OCR BB BRI Ab 1 I 2R ds o ko ok
AT R 5 AR 5 DR SRS 8 A7 J R Tl
2 J7 % LATR (Biten %, 2021) HUfS 1 & MR .
FEASN , ey $2 AR AR 4 R RE ) B R AR LT OCR
SER AN S A AL AR B AT R A
TRERR PR

5 B=XFEGER

PG4 A 227 ) TP IS B Iz R
— JFTEIEJLAERUS T E R R . SRAE SR K15
TR 5 BT A AR B BOCE R A I E
TIAREXS UG AT R 2 T AR . R T X —
] B2, Sidorov 45 A (2020) £ Hi T T SCA (4 1] {548
LSS IO T & B 5E TextCaps. 45 € —1>
£ 5% T 5 SO MR ZAE 55 10 B AR = 1E 5 T R
P57 DR 5OCF B O A2 i — 4> B 4
iR o AT BZAT 55 19K T EE 2 TextCaps , #4f
Az G IR B SR BL B LU 5 30T o O Y R
3R 7V 53 S e ERR M | 22 R AT A Y 3
SRR TT 1
5.1 FEXFEGHBRHES

Facebook Al Research T 2020 4F 2 i TextCaps
(Sidorov 55, 2020) B s £ , 2 fi #5143 T 3 54 5C
A B R A R B E . B 5 TextVQA (Singh 55,
2019a) Edi AR IL 2 PGS I8 HE 40 7% 28 408 1
BRGNS Z X 1Y) 145 329 Ml a) 7, P-4 544
WIEAAL 12, 44~ BLn]
5.2 BEXFEGHMIRTENIER

ARG UG R Ty i — A, LA 5 S0
O EHR A AR Jr et A iR MR R 5 T 3hbr i (Y
R FEAT AL, SRR WAL HE 4R, 6245 BLEU
(method for automatic evaluation of machine transla-
tion) (Papineni 45 2002) METEOR (metric for evalua-

tion of translation with explicit ordering) (Agarwal #/l

Lavie, 2008) . ROUGE-L (recall-oriented understudy
for gisting evaluation) (Lin, 2004) | SPICE (semantic
propositional image caption evaluation) (Anderson 5§ ,
2016) il CIDEr (Vedantam 55, 2015) . 75 3% 86 5 5
H, CIDEr 2 5 NZRITFH e d1n iy, o e %5 18 1 4
A~ HL38] [1) TF-IDF (term frequency - inverse document
frequency ) 7345, 51 22 M OG5 SUARTR B

Kb 110 /) Z AP B9 TextCaps R 46, PERE W LAYE
7337 (token) G B LU EHEATPRAL o X T o
YL, Div-n(n = 1, 2) (Li 55, 2016) H ki i
JG4H (unigrams ) B T4 (bigrams ) (& #34 BLIR] 2L 5L
M B . X Tl LR B i, SelfCIDEr (Wang #ll
Chan, 2019) 1 Jf] CIDEr {f: A T TE T LA M AU RZ L0 B
B, X 5 N AR A R A 2
5.3 HEAEBENGRXFEGERTE

T o) A 1 14 3 S5 SC 7 RIS R T ik H A2
B N TARTE S B Gk . 77307 KA
3R i H 2L 77 ¥ MAC-Captioner(Sidorov 25 ,2020) 1F
T MAC Y SERRSS A A TR, B8R T MAC HR g [R]
m b A o 18 SCEERE M4C-Captioner TE Text-
Caps B4a 4 AT RE W25 00 T80 % 187 5 30
(8 UG R 5 1% X IR T 5 SO T RS A A
B9 # E AP, MMA-SR (multimodal attention captioner
with OCR spatial relationship) (Wang 4§ , 2020a) £l
LSTM-R (Wang % , 2021¢) ff Fi 45 A 1 & 1 AL 9
LSTM M2ttt b SCfE B 0T Bl % i 1 5
SCFZ A A3 (U O 2 U T B g PERE . 78
M4C-Captioner (Sidorov 4§ , 2020) {9 J& fili [, CNMT
(confidence-aware non-repetitive multimodal Trans-
formers) (Wang 55, 2021d) $2& H T —A> B 44 37 5 5C
FIEARL R, I B 530 AU AR B A
TR B AR TR e IR B3RO0, RS
TR PERE 1T L2 A Y i o e A s e b A
i S AR B v ) TOAR BAAR] 1A, 283
FOCFE B J7 1% SSbaseline(Zhu 45 ,2021) HI TAP
(text-aware pre-training) (Yang %5 ,202 1) i3] 7%
SOCTF USRS, S T B R PERESETT .
5.4 HEZHEMENFEXFEGRERTE

HT T — MR PR AE A 6 35 52 4% B SOR AL e 1R
B ARMEAS 214 11 TR A8 , — 28 TARTT IR EA T
ZHEMERIA AR . Anchor-Captioner(Xu%§,2021a)
TP A B2 R A M T A b A 3R PR AR P AN [
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5y o #E—4H , MAGIC (multimodal relational graph
adversarial inference) (Zhang Fll Yang, 2021) 7E ¥ %
Hul HER B LAl [, AN @ 2 ZERE LR
P27 2T 00 FF R RRIE RS L SR AN (o Pl g —
SCAHYRE BT 38 32 G5 A= U0 BT 0 28541 il 22 FE AL
(37 5 SO MR A A
5.5 MEAHEERISHSEFEGER T E

BEXT H ETAY A A BEARE A Al {5 55 K A2 A
PEAG Y ERH A Hu 58 N (202148 T [n) ] 45 1
Y 5t 30T FAZ # 38 (Qe-TextCap) 1 45 o XF I Y
GQAM (geometry and question aware model ) 15 % B 4
AN G B e AR A0 2 1] O 38 0 I R 37 57 S0 A
BHEATREG SR A IRl R 5 | 5 60 2 i B 1 5 4
JE [ R B RH G O IR SE AR AIE o sl X A7 =X, ml AR
HEAE BRI Z Rl A , SRS
5.6 BHEXFEGHERTEEEN LS

WA I VETE TextCaps BUE 5 E 1T BE LSS
WM 6 i, LSTM-R(Wang%§,2021c) Fll TAP(Yang
S, 2021 BERIAE 5N b U T RIEBIEE R . X

P S b R ARE SO 2 ] g T LA O 06 T T A
SR BRI SRR LR . TAP Hh iy SOk
T 2B AL IS BT TextCaps AL 55, 745 B T2
FPERE . 1E 2 BRI B & SelfCIDEr J5 i , Xu %5 A
(2021a) #2 i A9 Anchor-Captioner 1% #Y i 3 1 T
M4C-Captioner (Sidorov % , 2020) £ £k J5 vk . B4R
MAGIC (Zhang 1 Yang, 2021 ) ¥ 54 4§ 1k i€ 7% )5 T
Anchor-Captioner, {H MAGIC A 75 2 5% B9 FG—3C
B  AERARNZ A T S B

WA 5 SCF USSR T ik 2 2 AL e K
FEIREAR R HEGL RN REFE bR o SR, 5t
SCFAE R — Bl J2 085 U5 2 X 4 Ry R B fig A 4
) BRI AR U Z A Iz E . T2
F e AER T o BRSPS S T
SCFEMG A IR B PERREE bR , % 3 5 SO UG S R AT
MR EAELEZ L i Hh, anfar B s B A XF
OCR 5 B (&0 Pk ey 8 78 43 1 ) FH AR S B84
KA ar ) B AR U B A R RS SR AT R ROk
HASRR IR,

F6 HRXFEGMATTEERERT LT

Table 6 Performance comparison of scene text image captioning

1%

ik BLEU-4  METEOR ROUGE SPICE  CIDEr  SelfCIDEr
M4C-Captioner(Sidorov % ,2020) 233 22.0 46.2 15.6 89.6 49.4
MMA-SR(Wang % ,2020a) 24.6 23.0 473 16.2 98.0 -
SSBaseline (Zhu % ,2020) 24.9 227 472 15.7 98.8 -
CNMT(WangZ§,2021d) 24.8 23.0 47.1 16.3 101.7 -
LSTM-R(Wang % ,2021c) 27.9 23.7 49.1 16.6 109.3 -
TAP(Yang % ,2021) 25.8 238 47.9 17.1 109.2 -
PixelM4C-Captioner(Singh %5 ,2021) 233 213 45.7 14.6 85.3 -
Anchor-Captioner(Xu % ,2021a) 247 225 47.1 15.9 95.5 57.6
MAGIC (Zhang 1 Yang,2021) 222 20.5 423 13.8 76.6 49.6

T L PSR TR 5 B R LA R, =7 3 X LSRR 45 1 SE M 4528

6 %4 iE

PASC R i i MR BEAR 5 20 B AR = R
s R I SOR RS AT 5 S A2 o B AT
e N T BEMBAUE g R i 2R . AL
Xof A O LA SC O Y B E R R AT 2538, 0T 4%

MR R DR JEE K LA SO w1 3R AT 55 3 23
PR BEAT UL, 73BT 1 AT 55 45 FO R I LA
JRsBRAE . A B i AT £ RS A HE LA S Ol
4 SR B B AR B 2R 25, J5 A AR T A R i it

51 2 RASCT A RO B PR B AT 55 (R AR
T E g5 S BB RE T, A5 LS £ ORI 37 5%
TR IEST . KBS BAh IO R by
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