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Abstract: China’s ethnic scripts differ in their structure types, creation periods, and regions of usage and scope. The his-
torical documents and various literary materials written, recorded, and printed in ethnic scripts are even more voluminous,
which leave an invaluable wealth for exploring the civilization and development history of different ethnic groups. Com-
pared with mainstream languages, the study of ethnic minority scripts often faces low-resource conditions. In recent years,
the protection and inheritance of the intangible cultural heritage of ethnic minorities have attracted increased attention from
the country, which has great importance and application value for the protection of irreparable diverse cultural resources.
By applying traditional image processing, pattern recognition, and machine learning methods, certain results have been
achieved in text recognition and document recognition in Mongolian, Tibetan, Uyghur, Kazakh, Korean, and other major
languages. Compared with mainstream languages such as English and Chinese, the research on the character recognition of
minority languages, the analysis of document images, and the development of application systems is relatively lagging
behind. Since the 21st century, the research and application of ethnic script text analysis and recognition have received
extensive attention and made remarkable progress due to the continuous development and application of technologies in the
field of document image analysis and recognition. They have become the research hotspots in the field of document analysis
and recognition and artificial intelligence. However, a large number of problems still need to be solved in the field of minor-
ity script text and recognition research due to the large number of minority scripts, the wide range of application scenarios,
and the scarcity of datasets. This study reviews the development history and recent progress in this field at home and abroad
to better summarize previous works and provide support for the subsequent research. It focuses on four subtasks: printed
text recognition, handwriting recognition, historical document recognition, and scene text recognition of several minority
texts. It mainly includes Tibetan, Mongolian, Uighur, Yi, Manchu, and Dongba. These studies are mainly related to the
following areas. 1) In the document image preprocessing stage, the system performs a series of operations on the input
image, such as binarization, noise removal, skew correction, and image enhancement. The goal of preprocessing is to
improve the accuracy of subsequent analysis and recognition. 2) Layout analysis, such as layout segmentation, text line
segmentation, and character segmentation, helps understand the organizational structure of documents and extract useful
information. 3) Text recognition is one of the core tasks of document image analysis, which identifies the text in a docu-
ment through various technical approaches. This task may involve traditional methods such as text recognition based on
single character classifiers, or it may include end-to-end text line recognition in deep learning methods. 4) Dataset con-
struction involves constructing various datasets for training and evaluating algorithms, such as document image binarization
datasets, layout analysis datasets, text line datasets, and character datasets. By contrast, analysis and recognition of his-
torical documents are difficult due to the complexities of rough, degraded, and damaged historical book papers, which
result in severe background noise in the document image layout, sticky text strokes, unclear handwriting, and damage. At
present, a practical recognition system for historical documents is lacking. First, the importance and value of minority
script text analysis and recognition are explained, and some minority script texts, especially historical documents, and
their characteristics are introduced. Then, the history of the development of the field and the current state of the research
are reviewed, and the representative results of the research of the traditional methods and the progress of the research of the
deep learning methods are analyzed and summarized. Current research objects are expanding in depth and breadth, with
processing methods comprehensively shifting to deep neural network models and deep learning methods. The recognition
performance is also greatly improved, and the application scenarios are constantly expanding. One of the studies realizes
effective modeling under low resources. It further proposes a unified multilingual joint modeling technology to identify mul-
tiple languages through one model, greatly reduce the overhead of hardware resources, and significantly improve the image
and text recognition effect and generalization in multilingual scenarios. At present, it can recognize images and texts in 18
key languages or ethnic languages, including English, French, German, Japanese, Russian, Korean, Arabic, Uyghur,

Kazakh, and Inner Mongolian. Based on relevant analyses, obvious deficiencies are observed in recognition accuracy and
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generalization ability, and differences with Chinese text recognition of ethnic script text recognition are found. The charac-
teristics of the characters and documents of each language are completely different from those of Chinese characters and Chi-
nese documents. For example, in the development of the Yi language, variant characters are particularly abundant due to
various factors, and “one-to-many, many-to-one” characters and interpretations are the norm. The arbitrariness and diver-
sity of historical Yi handwriting have brought great challenges to the recognition of historical Yi script. Moreover, the
Tibetan script uses arabesque, the shape of the letters is complex, the black plum script is intertwined with each other,
some strokes even span several characters before and after, and the connection between the letters is also relatively unique.
Thus, the multi-style Tibetan recognition with high complexity and difficulty needs to be solved to achieve true multi-font
text recognition. Finally, the main difficulties and challenges faced in the field of minority text recognition are discussed,
and the future research trends and technical development goals are prospected. For example, research and application sys-
tem development are conducted in combination with the characteristics of different languages, layout formats, and varying
application scenarios. A certain gap still exists between the recognition of most ethnic languages and the development of
Chinese recognition, especially in applications related to education, security, and people’s livelihood. This gap can be
addressed by actively expanding new application directions. Opportunities for expansion are abundant, such as migrating
large language models to ethnic minority scripts and text recognition and developing a unified multilingual joint modeling
and application system.

Key words: multiethnic scripts; document analysis and recognition; print recognition; handwriting recognition; historical

document recognition ; scene image text recognition
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Fig. 1  Tibetan syllabic structure and Sanskrit examples

((a)Tibetan syllabic ; (b)sanskrit)
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Table 1 Dataset of relevant Tibetan recognition
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Table 2 Dataset of relevant Mongolian recognition
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Table 3 Classifier and dataset for Uyghur alphabets handwriting recognition
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FRHE RIS , 1A 1 G 285 30 %% B R i AN B R AIE
S 8 H 3 W43 43 AT (principal component analysis,
PCA)J7 e, 22 2% %2 F5 1 ML (support vee-
tor machines , SVM ) 554 )i H 21 BRI 4588 SCiR 1 2%
AN (2012) K4 53T 5 DR I A by 7 5 SC
FAPRFESR I, —E PR b re iR 1T T 2 miiE
IR TR TR A AR R A

X 275 e B 4L PG (2020 ) 44 580 C 77545 43 0 4
1, BT 2 R PR BURFAE I SEA T RO IEFE . A1
PRk A T B SO AT ), TR T )
3 IE U REAE S P UIERE  TF & 1 AR A Bk
AR 45, 2022; EBLEE 45,2021) 0 FFXA 54
AT AR 22 AR SCSCRY T Jre 1 ARG A EU A 5

(f1E) 45, 2023; i 6 4%, 2023) , fili J DBNet +
ResNet + CRNN AHEZLSCEL 1 G I + TR 531 ) o 3] g
PO

2011 4, L E I & JE R THR 1 SOE 7
515 5] (optical character recognition, OCR) & 4 , fil
FHT 196 4ERIAE BETT [E 4R AE 90 4EY) Zernike R
FROE DL R 14 4ER 2R AR AE o SR T W25 301 1) 5K
W&, 5 i FH 2 T 4% 1) 2 2R %X (radial basis function,
RBF) %A SVM X BT A AR e AT U J il AR E
Bk F 4R S /R 1T K (hidden Markov model, HMM )
Hh B A RE B BEROIR 25 5 511, 0 LR 9 8 SVML 3R
2t (Rowinski Al Keutzer,2016) , J-7E 1M A 52 5] 43+
KFFEETF K o 20144, R AL 20580 b0 (bud-
dhist digital resource center, BDRC) [ & 1E K, R
BDRC WS4 R kBRI A4 6 SCSCIRPEAT 1 81 A7
it SRR

ST, 7l A 78 SC TR ) Bifi 5 R 2 2 ST BOR
(Y ZE A8 LA e N T8 e 40Ul 1y s i 2 15- 38 1732 1Y
BEBIFSE o BARAT I BB B AR TT K B ST 2
A R 32 3 SR, W] TN R AR A S SR
AR GE R R AT B o [ s S 5% A AR SIS B 2 i A
AL A A L S BB LA, R
[ 1) 32 4 7 Qs P R i ik TR B v R 2 P A
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~Raprten FHE T E I [V ) RT3 T B TR 1) 1 T )

E:":Ersedrarswimg
() TSCHRB (72
TItH
et

(b) S STHER (72 EIW:"MZIS fi: WE

© (ﬁiﬁ%ﬁ?fﬁﬂ (%: «mﬁﬁﬁﬁ '
I S )

(d) ARESCHFEH:A

K2 AR RGSC T SCAKER
Fig.2  Examples of texts in different ethnic scripts
((a) Tibaten; (b) Mongolian; (¢) Manchu;
(d) Dongba pictographs; (e)Yi scripts)

(&) HSTHFHEA

E JEE 11 22 IXURS 80 SC R0, 230 0 174 22 7 A B Rl SC
AP
2.1.2  ERIMARZESCCAR P

WS T 523 SCER R SCRY , 2% I HL AR T T R
FAVLRE G5 2R 2R SCFIRHFSE S O, e e T
JE& T MU S AT SCRPRISC UM A . B E R D
oK (2007a) fie 4 H — P 56 34 38 3811 52 41y SR
PGB T 43 BT 125 , 30 ol 488 BSOS PR b 4 32 3
S, AR A RN TR S AT AR AR SO
SRR SO S, PR SO U T
KRIAHLT RS, fie S e BN AE B4 (19 50 7 B B 3¢
FBE o 1T IR I 45 R R X SR ) B R SR
A T 5080, F 0 i T 45 K Ry 52 4 1 52 1 S
P AR AR BRI SRS P RSOR A RR R T . AT R

TABZE A 0 AR R 23 BT 75 1, BEAS AT b A B I
T AR R T 2548 B Ry S 4 A B SR

BE X ST E 2 P SO IR HE IS, 47 TR 4328
Ej Y5y FAHGE G W B B SCRR I . AERL 28
W B, AR SO R 0 B JBE e B S AR R AT 42
H4 AT SC T EIAGORELIG H 73R 552ty SC SO S0k
FEAR A B B, XSC SO 8 S G A il 4
B FEUR 22 I 245 4 — 25 o FL T I SRR 28031 o i S0
PO T7 35 W TR B HE R B A 51 98% LA b &H XS5
T SCE SCORS i AR I 5 5 T AR A, B RN
JEH (2007h) 48 T —Ff 3 d5e /N 3 ik BTG
D T73k o 38 3 45 BRSPS 328 38 Sl A JT 0
A FH /N TR ok (] — 47) S0 i 3 3l 0 A T
LANG, I AT LAIAS 8IS0 0 T fE R 1%
LR R RER S SO MG B AR Bl o R LA 2L e ]
QAT AR A BE T | SRRV IF .

FE TV 53 (R 7 3k 75 B2 e Xt i A 1 B3] RS
HEAT Y535 B TR H T (FIT) , XS B i oot
FTRRAE SR, HE R BN 00 . NS R K
BT X ENRIMARSE S SCF I T 3010 iR O 2 00F

FE (R R, 2003 22 4R 725 45,2003 5 B2 =
FE ek, 2006) 3 FoC Y 4 R E R REE SR
KRR G 0 A5 52 BRI, 5 A B R 744 36
FT 90% LA 1 Bl U A 5

ol FH U B ot 28 T 8% 8 A TR 1) S R Y R
T 380 5 (o P A FR o 2 0 4% 1 A 7 R AE 4R B, ol R
BRI 48 AT 91 A, o5 s )P 2 B B 43 28
Xot it A B AT A B, 75 3] B 4 K ) I 1 4
Zhang 55 N (2017) e 54 T — B0 )5 51 2107 51 (1
TR T SO R BIE U — N 50 2 F 8
B S5 T 80, R A 80 S — > 58 iy SO i) RS e
BOR O, a7 3 2 52 1 SCERLARIR R ) SCAR AR T (o
FFFAN) o BT T —ANH7 T 2 AL 0 i — 5 2%
VER R B AL  IBA T — A B 4 Bl 580 SCF
TR SRR FREUTA WS IER) B BCIE4E . %07k
FEDR AR 1 1% BRI EU HERR 2l 89. 6%

Wei %8 A (2021bh) ¥ Z 4% 55 24 2 09 AR 5] A %]
ZAT S5, AT LA [R] s 52 B 1] R 51 AN ST U0 43 e
1255 o FEFE T SRR 0 M R 1 TR e 3 BB 4R 5 e
Iy BN UERATE . 7E Zhang 25 A (2017) ¥y Y i 4
LRI A 55 2 ) A A R AR R T
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HEWR R YO0 T e 90 B 7 91 19 J7 v | Ban) 1 24U v
BFAE99% L) 1o R, EAMml o e Aty kUi

9381, Cui 55 N (2022) 348 FRI 58 AN KLU ELR (A 52 1t
SCFRN A T R R T = e R R 4 Y
RPN | Seid ok 2 ) 72845 o 246 X6 AN KLU S 77
PG A TT I, B T 2t % m) PR I A A 1 A 7R
Il T3 L BEAE A BRSO UG AF AR A ARk (Lt 55
AN FE I )

2.1.3  EIARZE RS ] SOOI ]

2000 4F LA , 72 BN R A SO SCASEN 5 T, B
R TR I RGNS . S8 UAEE IR IS
% 5 ] IR S A0 =R R T R A AR B R SO
FE R e R CRARDUSE) SCAR U] B B 58 F1 &R
P K A —fOSCRA B A Sl Y S IR B

WFFE A HE— 2D AT R 4 SO MG R S 4
R AR B RRAE PR RRAE % 08 DXCBURRAE 2B KRR
fiE R B LR E SR 22 R RS, 00 v 4% % ol
25 2% (back propagation neural network , BPNN, fj #%
BP) 732K , WA BOR B SCF PR . X TR AH
S EG TP AEE RSO 5 R AT I
R HE A2 1 3 A R RO BIFE AR B R D 43 T 12
BEE B IR SCHRRAT KN K 4 R SR 25 A X
FEIURFAE , 38 2o e B s i s AR 45 R CHROR 3 452,
2014) o ol 3r B T B By R ] AR HMM (1 EfI
il 4 4 5 7Rk SCRBRTRL AR SCIEI FR 58, e v i B A3 A
5 P AR AN Ry 3 7 e R AE , A HTK (hidden Mar-
kov model toolkit) T % 37 4t 5 /R ST BT H7 A SC 48
TR E AL, Bt R R G M RE (iR A
2015) . EAE I HTARELR SR BURZ TH R RIS = X
Fi L T WL PSR B 25 M AL T 1 (A
SSRGS G PR AU A S f N T 2
FARYE B IR SCCAAT I TE ) 43 R FR 5 (2 3
4,2015).

PEVREE 24 ) J7 I, 6 4 5 7R SO T R 4 5C
FMET DI A3 FIAR I 0 IR, ST T 4 R SCRMRAR
i) 0 B A 4R TE 4 BRUE 25 A28 X 45 (convolutional
recurrent neural networks, CRNN) [ L fifi [ #2H T
TRBGA (TPS + ReNet + BiLSTM + GRU + ATTN ) £
Y50k b 52 561 BH i 1 2 ) B BT 2 TR )
RE J7 T AN T 36 T 3% I 43 2R AR B (connec-
tionist temporal classification, CTC) (HEL 45 ,2021) ;
eI CRNN + CTC 19 SCATN 5 AT 45 /R S0

5l X5 CTC % AR e T 2k, Bt T AR E e /R
SCA S M AT 6] 2o B8 5 A5 4R e ML, AT S A 31
GBI 5 fi I B 265 B 28 1) 24 o EJD Il 42 24 S & 1)
PEAT VU, TEAG PR JZ rb (80w 7] 42406 2R 25T (bi-
directional gated recurrent unit, BiGRU) Xt X [n] %
i 12 12 (bi-directional long short term memory, Bil.-
STM) FEAT 4, A7 850 R 1 BRLIR] BRGNS RN 4 SC
FAFYI o3 0 (R 5 {8 ] 2 i) 72 46 o 265 %f SCAS [ 45 ik
A7 H BB IE PR IR 25 R A B Bk Y
CRNN Uil 19 28 DA v SCAS PUIRG B2 (e A2 8 45
2021),
2. 1.4 BRI ZSCRSCASRU]

22 ORI T I 198 = 22 0] 2 3 R 5040 A dte
ARV E R S B R W R EIR T A K R
R SE [ B, B TR K ABHIF A BABIE & i 2 i 58— 1Y)
ZMIR S BRI A S — MR RE N
S ZATEFP 28 RS o AT RS A2 5 050 45 0[] o i =5
FETL T iR E SR RCR Az ALt . S T SEB
B — B AR R ) 31 2215 Fh TR A B S8, [ ) i
P/ INEFEHE FEEA L S B RCR RS 22 (1 )
R, B — T T iy 3 i 14 22 1 i 1 SO g — A
BT (Wu 55,2023) o HIEA A moef 24
T SCAS MR AT S A%, 52 308 AT RSB ARRAE
TEARAE BB, 52 77 [ RRAE sk At sk, S T 2207 1)
AORFIE SR I, SRS, A A T T AL A fige A A
PAG B UNEE R . TERIS IR, f i AT R B
9, Ak 0 2 T AR A AR I Y R IR R R
R ZOT RN E TR OINE R AR 2
ol Jg P — 5, A B Y R A8 7 S AR (LT A ) fr) e
TR ARG — R AR R

Hire e B 1 5l R ZE S0 L5580 304
18 A SCRP R R TE & 19 ST RE ), AR U
LR 4 PR o
2.2 FERKEXZFIR
2.2.1 FHEBOCHRE

7E OCR BIFFE AU, RATL A5 P 01 M B2 A1 T M3t
PLAAT BTN, 288 RALA U (1 /= 55,2023)
BRAh. BOCBRML AR RO BIETE TAE M T4
U], 33X F2 B A %) S e AN AT 75 SR 28 AE BT 2
BEA 2007 4225 — RS RFHLIY A, e 2 2 g
TR T AT ARG )3z 04 0 5 KRB pL
FEMAFAR LR, 20004447, 245 X TBEHLF
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F4 wmBRSIEMEIRANGE—BESTRE
BBNEREMHIRKRES LHER
Table 4 Results in 18 key languages or ethnic languages

based on end-to-end unified multilingual modeling method

TP P /%
B 96.30
ik 94.20
e 92.98
Hig 96.64
s 95.66
i 96.18
[EEi¥ R 93.49
% o 1 93.23
RRRE 93.04
ik 96.48
PRI 91.90
B[ i 92.03
[TEDR(ENz 92.85
ok ik 97.04
s 95.87
LSRN 90.35
4B IR IE 88.68
1G58t 75.48

5 SCHN I SR 1RSSR A A BEA TR 4
FEWA A o AR 4 77 18] 6 7 1] (8 J7 [1) (1 E T
fiE, LA RS [6) 3 BB R AE AU LA RRAE , KX SEAFAIE
HEAT RIF , AT AL JICBE S 745 1 JRUR AR AR AR o
2DPCA (two-dimensional PCA) J7¥E X} R FFIEE 7%
?ﬁ(Wang 45,2010) . TEULEEAE 3T MQDF(mini-
mum quadratic distance function) 73M2EE8SCH T X F5
TR A BRSO T R T Y
AL A DIRE L 56 TR TR 50
BN o BEAh BRSO FAF AR EAT T AHOC A F
FE, A UL T 5 4 A A NMU-OLTHWDB
(northwest minzu university-online Tibetan handwriting
database) (E4E>% 45,2017) AL 7 240 HHCF-
FF BT 5 000 A . IFTT R T HRHLBUCAH
LT TN AR TS (Cai F Wang,2018)

Hh LR B RIS BT I 5 e e A AR T —
AN SCBR AL T 5 AR S MRG-OHTC (multi-tech

research group-online handwritten Tibetan character)
(Ma55,2011), 32 T — A =GR/ T 1%, IF
XA BB EAT TS, OT & T BRHL T 5
PUNRGE (Ma 55,2013) o HRAEBOCFAF LT &Y
R, ST T R TR BRI 5 1 L 2 1
FAFBENL R I R R EAT B, R SIS Y
Fe8lo X B BIRERAEREAT U, 2B A B T4
ARAAT AT A AR (8 67 A T2 F S AR TE L DAL
ARy ) A T 2% gl i 4 BCRR A AR AIE , K ]
IR PR R T E A PR TR
Gt r ik M IC AR T 5 T4 AU J7 5 (Ma
Wu4§,2016),

PRI R 1 AL T 5 5l A fF
I, PR RS AEARBE T FH PN A HOAR S

H1 Tk 2 75 SR A UK S) , LT 5 983074 1 BF
FER D o SRR RO FE SO AT S IR R T
R AL T SRR B i W, £ 8 30 AL T 5590
BIEINAE T LA . BIFRETT R T — LT 55
SCFAF ) E 52 THCDB (Tibetan handwritten charac-
ter database ) , TEIZECHE 4R A FEAT b, X AL T 5 7
FER R BIEEAT TIRABESE 3210 1 /NS A RS 2
5 T B REAE (Huang 45, 2014) o JE /NS4 JE Y
FRAE LT 22 s % E 0 e A O RRAE , LA S
TR AR SR IO , ] MQDF JE T K- 26
M B 2R B I 5325 56 (Huang A1 Da, 2014 ; 2 15
IR A EESNS , 2016)
2.2.2 FHFEICP

BEXTEEAL T 5 50 S0 HOIE 55, Ma 55 A
(2016) 4 A5 T — A BRAL T 5 52 ol SO i) 23 42
MRG-OHMW (multi-tech research group, online hand-
written Mongolian word) o i PRFERAIL T 5 A 1 5%
PRI RS, 12K FH LeNet-5 45 B 25 0 45 A Ay U A
A, Top-1 VIR 91. 2% , (HIZBIAL L AERS 946
A~ B BEAT PRI 5 Liu 55 A (2016) SR H — 5L T
MWRCNN (Mongolian word region convolutional neu-
ral networks ) FI 37 & €] AH 285 & 10 2 a1 51 7 vk, 7
MRG-OHMW % 4 1 A7 I, Top-1 PUAIHERH
$ETF 28 93. 24%; Liu 5 A (2017) SLH 1 25 TR FF 4
22 [0 2% B R TR O vk SR T B B 10 SR BUBR AL
T B 1Y P AN RRAE , F53% A OS] LSTM (long short-
term memory) 5 CTC #H45 & HIIR B HEAY . 7 MRG-
OHMW Z 45 4R 19— A 14 1 fE 47 I, Top-1 P51
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HERGF N 90. 35%. ARG RE A #E— L2 T,
(% 5 e b BRAE A1)

Zhang 5 A\ (2017) $2& H (0 )3 51 21 1751 52 1l S8
TR T v B IR S T T A 2 R 81 A AL
F5 Sl SR BB PR AT R R
PERERFE AL T HPNE S A AR KA T 25 )

FEX AL T 5 583t SO U 55, S iE R A
AN (2018) & A T — A2 FF 1 4 48 MHW (Mongo-
lian offline handwritten database) , Yl Zx 5 53 4E 1
J2 B [A]—4tt 200 037 55 A58 8, i 4R 12 i )
ORIEVEVICYNG Y

Fan Fl Gao (2016 ) 15 £ P 5 A ¢ 7 v i D #%
HRIALT- B 52 b SCF R BT S5 b, 48 T IR B b
25 W 2 5 [ T JR AT RS A 25 45 118 3 1) B AR A
BT 5 5t SO R R 155 5 1l 43 B e T
T P4, 5 B R T SRR AR A AR X 3] 41
() A G R O o T B 1 28 I 4% 4 3R 3 F 971 1)
BESR A1 o 7E MHW 50408 42 (4 DUl A2 TR 048 1
e, B A TR TR B 2R 40 0 82, 16% il 73. 16%.
ik — R TR PEBE , Fan 55 A (2019) LR T
— M Z 4k LSTM 5 CTC AHZS & 1 3 3 U RS Y | -
i 3 T 1A) (435  BAR AL BLAR A1) 7E MHW 44
P AR B AR DA AE 11 b, 2038 iR B A 2R )
SR T2 85. 22% F176. 78%.

Wei 55 A (2019 ) WA A 7 = AL 89 7 51 3
J7 B AT T AL TS PUIME 55, T — g
2w AL T 5 B R UM A . 7E MHW £5808 42 (9
TR DRI 11 L, BRam] A U s R 1 — 25 T
%87. 68% M181. 12%. BLAN, ElXFEEAAS 2L By [
K ME G 2 () A8 45 7 vk S0 T B3 8 MHW
BAHREMFEARBCEY T B O 3 A%, IS T
g3 LRV o = | O 1 A i R 1R 7 R o [ B B
90. 68% 1 84. 16%. Zhang 55 A (2021) X 4EH T —
P 5ty SCTF- 5 BAIA)  JRy ) kLl A A sl ZE R
{1%) B s, R 8 0] A0 1) 4% il 3, 4 1] Bezier th 2k F A4 25
Rl X EE R = A SR AR SE IR T )T SRR AR
M ZFEME . (B3GR AE MHW Bl 45
AR SRR A PR R

ZEEIZE SORC R E KRS, AN T —
A2 AR (B F RN BB S AAN & BeR
o ML, Sun M Wei(2022)$EH T 3T A BT %
(5 SCIHLTF 5 FE I A BB . Zad sl 4z

J& A AT ARAE 25 AT B 58 SO (SO FBE
HLEE 5 A7, A PR B 5 AU —2
A% 52 T SCEATA] S Y -5 40 (JEIR ) , AT AT LASR
BOFraNE ) T BRG] 2T BRI O R BRI
WCAR AL B 4 R IR A AL T 5 s 4R 5 KLt A
FITIRHLT5 580 SCFRIER i — D K
2.2.3  HERGHFE S

D4EE /R T 5 3R

IR T5 SCFAE H O SS L L HL R 55 e il
N BAETZ N T 5 M4 S R ST
R SCARAT RN, B D R AT AR A 2w A A A
Z—(Simayi 4%, 2016) LG8 J5 ik FEZR S5V 4r,
RN B BB o dEH R IR Z FRAFEIE S MG
FEIG W7 A5 2Z 18] 19 31 AR XEE B 73 (Simayi
85,2019) o FETUREE 2% 074 19 an 45 B pp 22 )
2% (convolutional neural network , CNN) A1 %5 B+ 1212
P 2% (LSTM ) , AT LA 54 by i BRCRE IR 1 3 37 7 495 A5
R UTAER B TR 2 T BRI AN BT & e, F 58 &
P T A TR BE A AU 22 N 26 1 TE ) 3 UK
SCAATIRBIT ARG T 3B aiRIROCR o tAh R
PR BE R 268 A TR 22 7 B L 22 IR S5 m) i, i — 2
$em TR R TE AR HER R AR R
MHERTERE GBI, o T4EE
IR LT HIRMFEA TR, I an el B 280l
SRR AR | DA K A0 ey s S 2 4005 25 1R ke, g F
FERZ—

V2 S0 R AEAS B T HE— R I, JE 1 L8R
PUNZER WA B 5B AR R 43 e g i P e .l
AT 532 g B B N L AR S vh ™ A T R Y 43
U ER (Xu Fl Xue,2019) .

X I AR 15 R AR R T Y LR R oK, K
FHEPBIEARBA R R EAEE . G5 R
5T 5 OB RAS T — @ st A5 R T i m e
R IET 5N R 5 AR TEBR AR A L i
FH 2R Gt 55 07 AT 5 SEAOR B 19 A

W S b T 5 O S5, i SC 50
FFEATS 25

2) Y e a2 44 U

YeE IR SO 15 2 40 e S 20 B, (A — 28
IR TENR o 45 R SCVE R s 4E Bk BR
DX 388 ] SCFATE H 1Y 38 5 [) R B asl b A 43
R BV EOREGR o EIRYE - H- A g A AR 2R
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2 WBNIT R T ZFIWFE, Ubul 55 A (2012) 42 Hf —
Ao T AR 1) O S AP )RR AE B IR ) KNI
(K-nearest neighbour ) 7328 % 73 28 P 3 5 75 31| 1y 18
S 93. 53%; JE IR BE « F Al J1 25 N (2016) X 4k
IR SC 28 4 TEUAR G 3ol S WU B2 AP AE 7 1) R a4 )
G RURRAE S, JF (0 AR RLPE B 2 R0 SVM 23 26 485
1931 152 55 96% U3 s Ubul 55 A (2018) X 22 3CFh
(T3 U e IR 30) 2 44 Y U128 4 Jry R vt a5
REAEAN 112 R AE , B B B8 F vk B AT 7028, I VR
AR R F] 91, 50%.95. 75% F197. 50%; 5L I
KA (2020) (AR S8 AR P 25 il 5 4R AR /K
SC R S A RAE , I BP 4325 85 F1 SVM 4325 2%
PEAT A WP, B SCRPU 30 92, 75% , 45
IR SCRIRA R S A SCIR A F TR 30 96. 75%.  Rexit
AN (2022) 41 H —Ff 5 T Sy 3 4 K BURFAE (local
maximum occurrence features, LOMO) ] T 5 2 44 i1
I 7R F B 2 CEDAR (center of excellence
of document analysis and recognition) | FJHE 51 %1k 5
T 98. 4%, [a] i i 14 il 5 Jes ¥ dme K BRAEAIE A AE 1)
B FERRAIE 17 TR B9 42 44 U0 O 12 L 76 1A s
£ X A 2 TR R 96. 8%, MR G £ 1
B A LBAEE RG] RN 96. 41%. 734, LisE A
(2021) fift S AL G008 1) 5 %, #E il & SE (squeeze
and excitation ) V£ & JJ AL ) ResNet X 2% I, 4351 {f
FHAE U1 K R BRI 402K eR VR, 7 A AT
Y IR 3T I B 58 ORI IR 58 0030 % 44 Bl B kA
PUI TR 2 T AR & Ei 4R b it e s U TR 35
99. 44% , 75 4 /R SORIG §% 0 SR B 1 1) e i1
THER 0 99. 75% , AER JR ST ARG AR H B9 H i
BUNHERGK 2 99. 00%

Li 25 N\ (2022a) 7 1 H AR 3 7 26 AU 28 o 45 11
INFER Z IR M B & T % 4 U 8 5 % (offline
handwritten signature-neural network, OHS-Net) , 5%
HLH VGG (Visual Geometry Group) 2 Eb , % 77 7%
BAZSHU> BV Gz ARG R R m AF A,
TEZ 15 P RS A v Top-1 1Y S5 i ~F- YR ME B 2 R
96. 17% . Top-5 1 = - I U HER 2K 4 98. 73%.

3) iR 45 44 %0

AL B2 AT - 32 45 N (2018 ) $ IO BE e A= 5
IR B A AR e R e B TSR R AR v
P05 5 51 R AT A R, S g B s A4S 151
BEHHR 600 MEEI/R LT 5% 4 , i1 BP R B

IEH R A 91. 78%, 78 GPDS H ¥ FiE ) 52 56 45 5 b
91. 10%. K HUAAF N (2022) I 1E145 53 B B Y
22 N Jey 3 — A 4% X MBLBP (multiscale block local
binary pattern ) $EAiE 1R #BAH A7 £ fk LPQ (local phase
quantization) , $& U 4E /R % 44 B9 SCHARAE , ] SVM
g3 28 A% R BE DL AR PR IR AT 28 44 0 SO0 E A R
96. 35%, X CEDAR 4 4 1 9 25 44 A7 o0 S 200
EHR K 96. 73%. Xamxidin % A (2022) £ 4 %5 4
P8 b [ 1, 52 11 7 — P I T 2l gk () IDN (inverse
discriminator network ) % 4% , 1] FH 8 38 7 & ML A0
$ 55 A 23 [A) T R AR B IR 42 S TR ) A RCRFIE AR
B2 SCRh & 44 (DS 4B IR 3C MR 5 3
BHsig-B . BHsig-H) £ 48 i i 47 52 56, B SR R 1R 1)
# (overall recognition rate, ORR) S 98. 38%, I X
FHIRA 1 ORR A 96. 33% , 3 4> SCRINE A (1) % 51
K (false rejection rate, FRR) i 3. 49% . i% - & (false
acceptance rate, FAR) 4 4. 58% .ORR % 95. 97%.
2.3 HEXHEIRA
2.3.1  BOCHFE SRR

JESC T FE SO YIS fe B UL T 122 80
AR, B T B AROSC U BT S . 1991 4F H
LRI Tl K241 Kojima 25 A (1995) gt ¥ 4 T XA
Z WU SC SRS R BT S L 23 B 1 R0 A ao 7 4
ARFBeo ] T — R T3 AW Y 7 k0 Sk o
B FAFBEAT Y53, F RS SO R 7 4 AR 3 B AR AL
FAFIRNIT T, SEBL T — > ZI R SR R
G, T UM B FA TR 2 RGN TR
B ANFRIE AR F AR RS

TEIX Z J5 B+ 247, 58 T # SCR U By
SR — B BCAAIOCHHGE o 553 10 4R 5E 78 315
SCE A SCAS U] IR AL T 5 5 SR o #2011
A, 22 B MR 2 A 5 A 23 KLY Hedayati 553 A
(201 1) 32 1 —> 2 s St FE R A S BT 5%
TEAN P A T eSO RS UM R v A ME R fL A AR
R AT 523 A0 T I B9 2% AR LR, JF 45 Hh T
fift T 28 B IR T 7 DUR Z08A% R CH 2R R ) , I
HAT 6 555 MHRICH) AT 168 2K

M 2017 4558, PYAE R PR ALa Tk KA 7
FEOR A ST 1 RSO SOR R B B A, BF
FEXS G TR AN L B AR o SO iy
YU R A b AT LA Ay PR 00k B R ImT 234
FrF 0153 LA R A S T LA Dy T
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1) i B SORY EHR AL R, AS ] il SR PR o 2
AR T, JUER IR & — 5 T (F i 55,2023) .
X TS R U, BT AR E AR AL, AT R
SCHTRER 25 AT, UG R B FABE G AN YY) BRI A
O RE R S 4S8 0 A AL ME LA, B
FEMG W58 & et ey B v (Li %6, 2019b) , 7E
AT B 625 1) 15 A7 Ab B (Han 45 ,2019) , DA K 36T
U-Net IR B 2% 2] I7 1 (Zhao 55 ,2021a) S5 4T 40 B 5
B XA BRI SR RS R B — R B0 A it A 7 1
(Zhao %% ,2022; Zhao Fll Wang,2023) . %1% 13 4 4
SCSCARATAETE B 3 2R A FF 0, Bl A DG 1) B4 4G
DN A B 2 3L T 3L 4 1L 1 SRS R A 77
1E (Li 5,2019b) 3 £ 5% 8 SCR i AE 2P 15 0, 78
U-Net 51 SEAl 1 JEA7 el aft |, 308 2 B B i e AiE 1k
BT i % (Lin %5 ,2020) .

2) W3 BT o WRTET A3 AT B AR X SCR G AR
Tvi] X ok 1 A7 4G 5 402, LA BA A LU 1 o (SCAR |
UL GHRESE) , LI J5 B2 14 15 590 B b 1 42 )i 2 A 3
BT X SCA 2 AR Y, Liu 25 A\ (2019 )3 1 37 3 48 43
BT 7 B AR HAE | 25 DL BOE BEN 45 s Wang 5§
N (2022) %5 3CHS H A A8 T BE RE SEAT A T AR IR
AEXS BT I T R HEAT — KW 2, Z I i i e & X
(R IESARE SS9 . BR T LR T R4
PR 7k Ah A T W B I SR 20T i IR VU B 4%,
2018) TR 1t 25 () 4% IR 119 B 18T 53 %] (Zhao &5
2021b) , LAFS 2 B s 4 0 SCARA TE A T B o

3T Yo o AR OO KI5, T2
Xop iz X Rt — 25 K] 43 DAAS BB B 45, EDULAY
B ST SCARAT TR SCARA T R I A — AN A
HEATYI 53 AR U1 53 SR B R - — 2 A SCARA T A B i
K, TIEMATZ I A AA T TEEARDI S ST
T 0 D7 A A S SOARA T O R B B 1Y)
J5 ¥ (Zhou 55,2018 ) | J 3% 38 DX 5k 43 Hr i Jmy 38 5k
LA BT 1 (Hu %5 ,2021) 3 T S0 #4745 450 )8
P 7 2 (5K 5 RN 4 2%, 2021 ;5 Zhang %5, 2022b) |
FEF IR 7 (B 4 5, 2021) LT EE AR R
R 77 (Liu 5 ,2022) %5 . HEEEB T MBS SC
ARA B (AT RHAE %, LGRS SE4R | F A7 Y
O GESCHE TS L LR TSR, My 2 )
8 SCARAT Z [ WRG AT NS A5 ] 1R R 322 B 28 30
SUEE R 0 0 B A R AL 1) RS Ak B Ao
FESERATYI o FI T Y143

4)3CF ORI BRTECSGRBNRZ T T
R EAAE JECSC R A AE B AR, BRI
SIATS A 2, B TR R AL
% . ARFEHENIVRE AN F TR 24
TR XA TR, AR5 A T LIS B R 2 1R
AR (Li%E,2019a) o i THHCCH F R4,
PEAT B AU T AR KB AR T AR A 4555
Fo TEFFEESE b 2 MBS R RIRRHIE (Dey 55
2020) 4> I 5% 7% 2R £ 2% 2] | (Kaldan 1 Vijayalak-
shmi, 2021; {17 %5 ,2023; Zhang %5 ,2023) . il i %
TR TR Y 5B HY | ) Bl Ak 4 BURFAE I 5230
FAREG . AMIRAT Y53 5 00 g 2 ]
2.3.2  SESCHEE ORI

X5t SCBAIL T 5 SRS R 52 3y SOty 8 S0y
AL B SCAS L TR 45 A 15 B, ALK 79 2 SR
4 LT 53 BT AT 55 L0 B SCAR 19 1) 43 0 0 R3] 4331
B X6 R Z2 BRI 58 ol SO S R R T R T4
PRI WIS . Gao S A (201 1) 4 H T 5871 30 £
A MR ) 3 TR S R e ) i #E T
TS SO FE oo Gl BP I 260
SV R B 7ot . EH S 000 4 % B 35 1 1Y)
R ARG R RS £ L R T2 R b RE L
TR BIAERRRAN T1% 1730 40 L) db 25 50 6 A A
W FETF Logistic [B1VABRY 19 3E28 e 7 LA M IETFIa &
2R 0] P o 4 B 6 A8 2B AR 3 AN B B L kiR T
Y15y Ik WR Gy B 5 it 43 B Be iR ] Foc o 4l
DL R B AR A TS5 R SR (B3] £ TR0
HEW R LT 2 81%(Su s, 2015,2016) .

B0 43 BRI 2 e el A m] KR S5
BRI 76, 3R s RS B S . X TR
AR 5 B R B 22T 5 307, W
TR SR A5 AR T K 5 AR X I A 40 AR R T,
L) A BCRAE R B TR 1 L. B S
SCHATRR U B, T R Y

BEXT AR ZI BRI 57t SOl 5 FUINTE 55, Wei Bl Gao
(2019) H& 1 1 — i B T4 FRURf 28 I 245 114 2 ) S50
5, RIS Ry T iR Al AR A o A AN 4y A ) AL, Aol
H T SMOTE (synthetic minority over-sampling tech-
nique) FARAE AEAS . FE 100 51 55 SCCH R /R ) H
G b AT AL 20 948 S BAgE] RIS Y (Il
H1423) 52 SO RO AR o fEIZEUR A B iR
R T 43 0N 7 12, 5 o0 U0 43 B HER 20
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63. 77% , i) A UM TR S U TG, T BT 4 1 A
TR BB 28 00 255 1) R AR ) O vk R TAE B S
O 0 T B iR] AR HE R 2R A 72. 65% , T HEA T R 451
P LL T HL TR U 1 25 5 3k 98. 75%. H
S, P I T A B 2 I 2% 1 B AR O vk TG vk A
PAESMA], KRB EcE 4 rh eI

O fift PR A1) 1], Kang %5 A (2019) 4 H) T —
Fofrd A T LR 4 7 0 21 e ) B R USSR . 9%
BRAL 1) G g s oH— IR BE P 22 I 26 5 — XU K
I 25 20 R, i AT PP T 31) 3 ok T ol 22
W28 AT RRAE SR I, 22 S5 38 AUl R IR 12 M 4%
AR 51 Z [ 1Y _E T SCRFR , IFAE iR 51 %6 iz
FRARFAIE 7] 52 P 4 o BB Y A i e ol — S JRE
1225 Fl softmax 7328 J2 2 B, ‘& % Gt 2 A5 Bl )
fiE 1) £ 5 AT A A, 2B AR B BRI 25 R .
U T 750 D00 245 ] F i 3 i e e DR ) 2 07 e
FERTEA [N 20 06 2 5 H AR F AR e i) — A Ei#
ZA AR, DT 4 = A A s (A HERA P o 7R 52 Sl
FERRAE AR AT DU A8 SCRIE , R n] A U v A
ATk 88.29%. il HLiZJy ik AEAS AL PR S o

HT T 58Tl SO S L R AR O R R A — S e
J& ERRE TAHCPUIN TAER SR . Bk 2 —1
ARG B it SR I, Wei 55 A (2021a) $2 1 1 —F T
18 I — ZUHE B BT I 4% (eycle-consistent generative
adversarial networks , CycleGAN) F B H484 ) J7 1 , e
UELE NN ZRBE A XS B T, S B AEAS 23 (]
AR E e . 9 1T ARBUBTAEAS , DR 57t SOl #5 R
AR % AVNZRIG 1 CycleGAN, S0 HAL Jy HbRas
] BOREAS , SR e 8 0 D e 25 TR AR A, LG 3R B[]
— BT BHTAEAS SRR R T TES SO AR A
et AT DU 28 ORI B R G T T A RE SR

PR AU AE R R R 88, 29% HE T 2 92. 49%.
2.3.3  FRICHFE TR )

5 ST SCRS UM 4 A FEAS R AL S 11
L AR5 A FFAG I AR /S AR R S
WX RGN S AN IR

DFEARRE S 1

F 3 10t 3% S0 & RABOR R AR >, g
HAEAE AT S AR R i 7 L UEA bR ) B
ZLICL, TOvE I R R U K EFEAR T K. N
I g RO R 2 R L 12 1 T W B R R Bk it
11 H bR . SCRTER X RO AR & T
PRERCR T AT TARE R i, AR5 LACHS %
28 ) (BT 2 ) A5 B TR (SR LA 1
T AL 100 435 30307 10 530 M FEAR Y 5 4% 3C
NTFEHE SR (B AR, 2017) .

VORI RS SN T RE R AR 2 e, 24 AR
BRI A T 5 REABL G FE 705 5 KA I 2 e,
RAET 2 142 43 HIE 1 151 200 A FE A ([ 35
85,2019) , G B B2 K | 5 AR R e i Y
AR SO T REA R A S 7, 1551 3 7864~
W T8 297 414 A (R E, 2020) o

2023 4F , A AR B A RIS LR A
TRZE WA AVETH R BT ALY S, SE AL 1 135
A7 R SR 13T 78 042 BEA AN SE , A1
FHOG7 R AR A PE AT 1S, AN A4 781 DLAS 2
255 A (https://github.com/wnfrdshao/yi-scan-corpus)
HArE A A, FENER PR EE T
20 000 /NP ARIEIFEAS o BIV3E A3 T S Ay S0
2 WG (PR SR ) CRIE IR  8 H RR A SR
SO R FE PR T A RS F S A TR LR A
i CRAEAS PR 1 2 PR 5 B NI 3 T o %K
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Fig.3 Handwritten samples and translated samples of Yi scripts
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PRI ) — R EEHIME T 1 15017 A s A 1)
TR R i S0 E A R HER M

2) MG Tk 35 A

Ay S Sy R B P AR DR ) AR
A RS BORAE B . RGeS SCR 20 AR
B oo A ATEAE B AR B ARIREE T MELL
SERERAF AR 2R A AN T R AN 42 . 7E 5T
BECHIECF AR i R b, SR R BE IR A B R 32
THEMG BT R G I — IR . BRSO R R R
W IR A Z2 A RS 75 20, I LA A G R U3 2
B2 CHERYER T . — BB B AT R R A, X
Foft 1 SCIR AR A9 52 2= 1 DAL 2 W B T R

PO R 5 S AR e i S /00T R 30,
FEO ARG BB LT R T RFEICHEEPIZE . 4
Xof T 2 K] LU TR B MR P 5D iR 3 S0 A4S L R T B
e S AT e [ U = 23 B 5 R B T R A s
RO (R E ,2020) o 5 1 388 J5 14 59006 7 B0 ) 4 Y
NSRS v 2247 T (R 2E 45,2009) o £F
Xof R T 45 A8 52 25 (HE Rk 2 B A7 R SCIR HE S5 17
DURER SO 88 4R Y T — PR T e R (B AR 7 DX
(maximally stable extremal regions, MSER ) F1 % £ #if
22 2% (CNN) B AR RN 7 v o 207 vl & vh S
AN SCAR IRAEAT 1A 8010 73 85, TR TE B A A
T S 35 v IO T v A R AR SRS N A [ 32 BB AN
it TR 52 2R R ) iy R SR B~ A ARG N ] AT o 5 e
4£,2020)

T R SR SO IRG BE i ] R Y i i
IESEHAR . SRAETIRE 2 LR N F %
A% 1E il T A I D B OE AL Y (Zhang A1 Luo 45,
2022) , WAL SR MG HAT R R R IE . %071k
ANATAT DL AR A 52 e i il i AR, i HLRE 98 DR AT
SCRYI IR IR R B AN 23 R BAR 58 J5 1k rh BRSO A
iR, A, i Al DR B — 28 R] 20 I 1] (8 S0
P54k BT B4R Tt 8 SORS [EIR A i i, 49140 Tex-
thn °F 5 B9 “ 55 6E K147 Ab PR B R (https://www. textin.
com/product/textin_image ) N F 7E 7 3% 3G BHIEE 5
EXCE JIVE St U TN EivalIR 5 ALl T
FATE 1A [10) RS P AR ) v 1 L, — Bk AR
BI5 (T8 PR A SOFUKGB A5 T 0 R R U s 22 5]
BT, A5 LN AP B 4R R 4

B SO FE AR IR R Bz B AR e, £L
2RI 5 — SO 2 B8R S0 TR A9 4R ikt e

PRI . X 2R FH MR AL B R AT 3 5 DR
MR TR . B Y RS AL B R B AR AR AR
R R b2 ot 00 A T i, A T L I i
FE I, T LA AR G AR DA S B Gl
SCUE SCTESR I B 2 45 Y 25

3) AR ISR TR RIS S

H 7 SR AL Ty S SO b B S A B
8 R ] —Fp 5 2 AS TR A A3 5 1 SRk e A =X
FILFR AR RE AL G g iRk B O X e
DLER AR AR 2 1l SO AT RRIE RS . 25
B2 JE ST I Z R DL R SEBRAE F 3 5, v] LR
4 TR 22 I 245 b B PR A AR R R )

FEREA WA By B, WF 98 AN O F A AT TN
Y153, B 524 52 200 SCF UG o BUSR A REAR
AR AR PN RFEA . JEF B R L N 45 (1) B A7
ORI TR 2R 48 LA 20 5000 500 A 3 T o G D 4%
BRI P pREE R | BEUSAE Z FEME Y SOA
F25 AR 37 50 T S R s AR . TR
SRR E N 2R, P, mi A X B/
FH SRR T A —E S50 H 246
A% A2 S PR (F 5 A 55, 2008) (28 %5 B (4%
52 B L U)E SE R IR (R JEAE RN T 551 ,2010) LA J
1024 4 J& 31 75 1n) 5T #k B (R O 6 A 3% AL,
2012)%,

AN [A] T rh SO TR AR SR A I D s B
AWt T TR MR F2 58 B SO, 25 1 5 A
h T GSUAL RN 075 2, 203G R, Bl %%
SRR SR TR Z . R, T B e R R —
AR R AR W RRAE AT HX, ) AR AE Ak A
JF AT BE A, Xof AR AL RRAE AT 0 7, e 2 5230
SR R AR

4R 2R G ST

5 Sy RV AR ) S S I A8 o SRS 1Y)
PLES B AR B FF A SR, SR SUAN G PR SCF
TSR] LA B ek b ol F 3R S i T8k Hir e
A B SR SCHLAS BP0 08 5 2 DU RS S,
X A% 4 45 SC I R L R A B 2 15 R w6 SC Y Uni-
code i BL ACO1-D456 (i ,2020) , sl 2 H ' A & X
[X_f#) Unicode i% B E000-FFFF (R4 45, 2006) , ANl
TSR | EVR AL e A 45 1A

R T A S S B AL G 9 E A TT A, Shao
(2021) 42 H AR B B 1Y P 1N R 6 iy %
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SCHE Al it A A 2 Chittps://github. com/wnfrdshao/yi-
scan-corpus ) , %50 2 DLy 3 SCTE A A v B BAG 7
BN X I G R R T T TR SUMIOG Y
LRl A o SCIG I, RVl AT A ] BT R A Y 5
> A AL ] 8 AR S I G B AT 55 O 3K B AL 0 v
.

VYR RFIETFR T — AT Web Y35 SCHRHL
T BB RS, ] R0 8 HE R A7 35 S AG
Ko RARGE AU IS, J 0 T 5 5%
SCHYTELR R A (L2 E,2021) . ZIRA RS Har R
BEXS DU RS 3R S
2.3.4  ZRESCHFE SRR

SR SR 3 A ARSI AR DG 98 255
AR SCRFSUIFZR S FEPLAR B . AR S
FRUN AR 2 m A TR T ik e
SAE B R P PR TSRk, B
AR S SEL (1

A AR W SCHOI T i R 2 A TR G HLgs 7
AIO7E A 3 PASL B AP B AL B CRRAE 2 I
Aoyl BRI BE AR B SR B — >
FEL R KL H AL (Guo #1 Zhao, 2010) 1 246
I (Guo ¥ ,2010a) /NFAEHE (Guo 55, 2010b) A5 Fi ik
PO ) 2N o FRIESE IO AL R A
JE M ICER (Da %, 2011) GEIZIRALSEARIC ik (Yang
il Kang, 2018) RFAiE 1 £ £ M (17 £ 05 Fl e 5 1L
2019a) . HOG (histogram of oriented gradient) ( Hi JE£
45,2020) 55 7 ETE AR W SCR B E RS T 25 10K
Ho FFmEHL(CERHE % ,2016) 2 4R S
PR Z e dn . BAUERMERIIA GuofF A
(2012) FEF 24 40 51 43 #1 (linear discriminant analy-
sis, LDA) A 44 P4 3C (RIVAR S0 BE4ETT 15 , SE B AR
L SCAY B s /N 155 N (2017) 32 1 —Fh e
FIVRAE AL 35 B 5 R AR SR IR 4320 BR A B AL By
V2 JF R AR VT BC VAL R4 T 2R T SCHRUM 5 4% 6 IS T RRE
JE R (2019h ) 2 7R T SC A T4k B K °F I 4% 2 i
MU S . RIS AR IR T — 5 MK
FL ORI X AL g8 Jy o e TS TR A& L il
P52 2= FLASCRARAR, I FLEE XS AN 6] KUR 1 R B2 3 v
BA AR AU RS AR L 7 R R
T S B, Bk P R e H A R A
(=

UEAER , TR 2 2] 72 RS RN SRS T 9T

PEJERE , BB AR TR T g s B G AL 2
() FRLF RN i o B PR AR L S AR T, B
F 2019 4 A F TR BE 24 S WU ik g SCk 36
Hua F1 Xu(2019) 1 Wu 55 A (2019) B3 T 353 (1) 4
TR 2%, Y597 200 DA EL S B SE3L T 95. 20% 1Y
TR ; Luo 28 A (2020 ) 5% F ResNet-34 (residual net-
work ) VE A JER 4% | Al IBE 5 HOG R AE 3R BUO) 2%
FIFH 34> 43 3 [) o 2 AR B SC 10 22 R R AIE , 7
142475 83 FHUE T 89. 71% HUTR IR s 2
FIEE A (2021 ) 30 o 440 i 1 255 22 H 6 Rk 25
5 T ResNet-20 f A, 75 536 A ELSC ik B T
93. 58% YT 3 5 3% 2 e 55 A (2022) 15 11 el it iy
ResNet B 781 75 41 5% 22 Ty Mg B .1 387 AR 3 [
HBUT T 98. 65% MR 515 5 Luo % A (2023) 12 R
JEEREAE B 0 2, - EL3E 3 i AR 72 HL 3R A AR
EL SO 22 () T RRAE , 7R 0 Y i R AR A K
(440 K) AR ESCFER R 2 (2 546 4 ) B9 B 48
PRI A 99. 34%.
2.3.5 WSO EESCRY UM

TG ST 7 8 SRR TR BT RS A S
HEERY SR, LA SOy s R 28 R A1), AR PR T REL LK
A R A S AR AT TR SRR A 2 A I B
58K 443 B R A 28— D7 SE R S8 08 H TR 1Y
SO A R 200 4 T M. bAh AT T AR
TR 6. 5 T 20 4 T, 35 MR A4 280 R eV
(R EE S NG E e R R E S A s A T G R PR )
ZHAAE T B A AR — 1 B (1
SO A% (RIEFE,2015) 0 X EE R AT E
A BB L SRS A, i X T4 s 2
A A EEA S MR GRE B ,2012)
SR, E A0 SO BE RS T R R T AR ™ &
I, LA ) B — D17 s R SRR S 48], B SR P G S
SRS G2 5 BRI AL S0 1/5  (H 2 AR A
A SRR AN ) 4% G E B FTE 21085 ,2010;5 B
BRI 2 ,2017) . F B H i Sl FE R %
o N T AUR A 7 X005 B AR B AR, i HL
2 3C OCR B AR BRI, H T i SO At A
LT H0 B AT SR04 SR R A I T RE , Ml ™
il 28 7 HAN (2@ [, 2019) .

2009 451l 1 T 28 K A 1 BOR SC AL 2250 Sk
FEWIIG K 4afmif 5, B EdR S AN AR E 6D,
WA B E MY A SRS, N R AR
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Kt RG22 DB LA A BATT IR T 15 ST AR ¢
FFE o AR A SR AT = Xt S B i) L1 ] B3
AR 2R 4 s AN T K S5 T T &
J'E TS

TR BRI T 50 () Y143 101l S
LT T ARGE , RIS i SRR U o3 i L oe 7 81
SR X FETT AT U, d5 5 AR PR AT B i 5T P 81
SV AR i S PR R] A ST TR AR R DG R OR E £14) 3R
BB (Zhang 55,2004 5 B B 45, 2006a) ; 7% JE 51 3
TCI Y] 53 5 TR0 B ARG BEAT A K2, Zhang 55
N (2006 ) ST T — T /N o 28 I 28 11 ST i )
R AR N (2006b ) 38 A3 i A G AL BEHL ] X R
A FIAES IR AT T AR s Xu 2 A (2017) 20 BIHFSE T
FET 2R Z 0 A An il G R A S . R
T SO 2 — B PR SO, B B B 2T SO Rk
B LR PR, AH S BSOS R] SR Y
B2 i) AR A 2 B, i B A — N R AR TR
7B AR B 2, 3t fol 450 S IR 1 R AR
HPRIME , DT 5 350 1 T U0 43 (8 DR 5 30 R RS
WG . ST I, 2017 AEJF R AT T # 4R i 3l SC
PR 5Y , Huang 26 A (2017) #2537 T 36T 1)
TCA B SRy b, HL23 0] 4 F 3 AL TR 6 A b
22 M 4% (Li %, 2018 ; Zheng 55, 2018) R I 375 | L
Fou U i Ik BUS T R S RS B AN R A Rk
LT BRI IR A R E VIR, H AT H g
Ab 3 SC H o FE ARSI, 2z G LR s, B
FEREAE N (2021) X /INFEARAF BT AT ST 1, 2
T —F T NI ECOC 1 K2 1] K-shot T SCI5I 7
Peo B IRT I A EAR BERSBACEE
AN AT 3 E AR DT A 4 SC -1 [l
KN EMG S 2 [ 10 SO —FpPF g S0, 36T
HTR) [14) 7 AR X7 25 BT T SC AR PR S AR
TR F R4 O B P IR (40 CNN+RNN+
CTC 5% Attention) [ ¥ SC I I 7 i 47 T W 5%
(Wang %5,2023) ,(HAH R R B30

IDMIIES € ie e s ey TP E R 11 VAR EON 'S
Bl . PESE DA R H 4 (K S
2019; KPR 45, 2021) 7 19— ML 666 2 3C
AT (R0 5 SCARAT LA RN T = PR B A 4R
£ 21 245 MR BUR B 4L (AU A TF .

2) W SN R GE N I ITF & Jr T . % Tl SO %
S OB R AR ) A — D R R AR LR

R B A R 7 DA S5 A6 R A IR HEA B
oL, 2015 AR T IR A A R T B KA R IR R B 0
H W SR 28 GRS R 9 5 0 T i, T
T 2017 FHE T ZReiE it U)o 2 BIRVEE L & T 48
THIEUMN TR B2 i 28 N 48 S5 B R B 2 1 — 2536 3¢
PR BRI R 5 (K i 55,2019) . (H2Z R
ST SCRY G P F B ol )2 A — e AR 1 L]
SR EE L RE IR B 86. 6% , 1 {I% T H AT - 5538 FH 3¢
FIRBIRG EE o B RO SR R 0 SRS 2245 B Y
— A ) A

i L] PRI LA A 8 Sy R 8 R I 0 B S5 AH
KGR TLF- A, B A 23 SOk A 7435 | 5]
PRI (5K 5 45,2019 BRI 55, 2022 ) 1SR B EE G
SRRk 25 ,2018) IR S AR

P T S B RN 28 I TR AL 46 S SO SR AT
PRICHP A RS A A5 IFARY SR SCEEL I S 2, A A
B AT FHAMEREZR AR, BEEIAA YUK
KRN 22 20 5 5 20 i AR IR AE S 3K B
B K ARG S SRS, BRTe IR DA%
JE K L [ BRI SE o IO N SR 3 T i S
Tl NGO TRRTE , A4 SC &b A Bik /b, i HL i
SCRYZE Y WL SC R B B R T SR B R
A 5, ARME S TR 55 T A R O B — 8 2R
MEHEAE |, DR B s ™ o ke = 5 R ICER X 2 il SOty
FERSZAR 5 3 A 09— Rk K
2.4 FHEXFHRNSIAZ]

2.4.1 sk 5 iH )

Sy 55 SCASKG I 2 S s B A0 SC =00 40 888 1) o
BT 2 —(E5W %,2023), /2 HAl OCR ik Y
— AP R, B AT G R FREE R X A5 2N
7] 37 55 o B SO SE BRI R o A EE T SR R
TAE#E s SURBR A Z (DA 2 T
L7 L R 8 F E DL, B OSCR T st o &
Z=, AP & . LT W sl d 1 SCAR ST
K, 43 48 ) DBNet (differentiable binarization net-
work ) FEAT SCASKG I | T Y 25 74 MobileNetV3 1E Ay 4
FEFRHLAS (CRNN SE L S SCOCAR G (- HF AR
85,2021) o BF XTIt b SO [ S BRSO
BETF CNN XA [RI 2T Y SCAR X IR T 7325, AREAIR
Je SN I 2 44 B 5 31 XS R 1) 0 3 = R
G SCAS X R A 7 ARG (4% 4 B 45, 2021) 5 KA B
AR 2 R 1 DR 3 s 145 804 4 (bilingual
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Tibetan-Chinese scene image dataset, BiTCSD) , Jf- %t
JnAe] A= Jl BN 8 BG5S MR BEAT T IR AR TS
(Li %%, 2021a; /£ 25 ,2022)
2.4.2 Y4B R SCRG

BEXTHA RV BN RHE L S SRR
SRR RSO MG AR T — R el v R P
P8 sy 28] i 373 35 45 R R SCAS PR AR Y i 3 AP
P AL, $R 08 I G AR TR B [ AR
23 [AVAFAE , T T00 SCA AR AR AT B R G 22 57, ok
TRFRFIESE IR Ty, 7E A JE 1Y H AR 5 SO R B s
iR 92. 78% AN AERH ZE (Wang F1 Ao,2022)
2.4.3 YR 3Rl

FHRTRCRHIE AT BASE 1 37 5 WU T A% 1 ]
SCAE AR Rz B AT 6] L AT 2R AR, S8
TRBEIRN 3 55 22 SCRI A RO

1) 3755 XUk ] 3 A% 1 [T SC A= i s

Sy 55 S AT B8 114 (&1 SCAE I 2%, HAZ O HOR
SR 7 A W 7R 9BV Ak (adaptive instance nor-
malization , AdaIN ) Y 75 X H 2 5 1142 i) KUK (Huang
85,2017) o WFFEH AL R Bl MUB 0 —1R)Z /Y
A5 AN RS S H0nT DL KU, OF B T IH— 462
0 077 58 722 4 2 O 5 BE TS B R A 5 ], T2 B
Fe NAURS R b2 >, DT SE BT R AU B 48 . R
TR X — 7 S8 T SCAR UG ) XA S A2 I T
3R : (1) CFEE I A%, 840 RAT , AN RE ) B4
P 2R EL A R) 5 (2) SCAR PG G S0 F 5 R IX
B, A R 0 SR AR 55 2208 UXE5F 5 (3) 75 B3 1
AN[E]TEA AR 50T B KUK e, 5 ZEAR 0 1972 1k
PEo TRED T —Fhi& & SORBHGB KUAE L5 5
A 4 SURBIMESGHE : (1) R PEECA & C-GAN
AR =00 SR SO BN BUAT 1Y SCARA T 181 45 2E
1753 BRI K73 0 B S AR SRS 1 P 25
FN SURATEBAE ]y Bk it F T 29 SR I 2% 1 1)1
Ik PRIE N A AL 2525 ] o 5548 [) 288 531 XL
o () ARG RIESCAT B TN E A S
WS BT 52 A AR N 28 5 AR A5 B o (B) TG
K& 5 B AR SRR IE 2 00 FE 2R B (R 2 [ i R
BIPUR By 1R LA S AL N [ 1A 5T Y
ZARTE . (4) 16 GAN M 2% 25k 583t , SR HT Patch-
GAN (Isola 5§ ,2017)+ 22 RUBEHUI AR A 54, 15 SC
AR .

k2GR 2 MRS RS S AR A

SEPERERRSE , ARl 4 i .

¥ R G0 G MU BEE AL SE — 2H s
BRI AR T 218 Bl 25 28 5 57 SCAR R (scene
text recognition, STR) , RCR A&+ i 2, W13 5 R .
LR 22 58 I 2B th A4S 15 TR 50 07 47 FLS KA
P, & JRCER G I R B AL 35 5 ARk R G AR R Y
FLRAE LA 150 AT R . INGE R AT UL, A5
SRAE FE03 23 P AN B 00 55 i, B R B AR IR
T XA A SBORTS BE PN 2 1) 2 R () P A AR N 2
RS AEAEEE, SIAZ REZ X6, &
FETE T 52 AUAK T SR A 40 1) 5 R s e L DT S
FERT T 25 2R A @RI RE T

ZH MM MR IERS &k

—rra X
ZOESSEE siUSE uUE @I
K4 ZAFIE— RIS A RS A BSCR
Fig. 4  Synthesis effect of conditional normalization style

embedding system

x5 ETZEREESHNREHIRANERE
Table 5 System recognition accuracy based on
multi-patch data synthesis
1%

WIES R WREESEE BIRMAIE SRk
R ARG 97.18 95.85 96.02 96.24
BIARGE 98.39 97.07 97.72 97.89

2) Bz B Al s b 2507 1k

FE G 5 30 R, H AT R AT IE TAER
ZRFET ORI 2 M 2% BRI . Rt gk sl 2 TR
JRE o 22 0 45 A TR ) A L YA A B 1 ) SCARA T R
JES B RE AT AE A SO IR B R TR . B 0
UL T3 VAT M T A ) BSCAS PR B A 7 A
BN A SCA R A 2 0 352 2R U AR i
iR 5 B 2 TR R S U B — , B = R
SRR R . B mARREA R
(O 2R (R AR CAN 53 5t ELFER

IR ELSY 5N WA B SOR BB HE L3R
AR B 5T B J0hR T SOAS PR AR 5 A
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it R T A B SCAS ARG D ASE 0 7 PRI 45 rh A I SeA
HE , (S REAX AT B SCAA T EIR , T A SCAR AT RIS R
PRiEf . R, A B LA A B 2 ) 5907 SR Bl
TICFVUNM B R EERRAE . b T LI A B Bk
(1477 257 S 45 B B T SCF U A R SR AE 0
HRFZ— 2B 7 SORTT MG 1% LE S50 2
(contrastive predictive coding, CPC) (Van den Oord
85, 2019 1 M ARET 55, IO MR SRIES A T e
FIFHAE

B4 Y [ W STR-CPC T 25 i 455 750 445
FOFE G 5 AR 28 R0 1R SOk SOREBh e A
GE P A 1o i) % B 25 B R , STR-CPC 5| A6 7
THIN A Ok Bsf 1B] 19 9% 78 25 8] (latent space ) FRAE o B 3C
A AT EAGR LSO 72 2 A /9 7 91 1 A7 Ak 3 1 ]
InfoNCE (noise contrastive estimation ) f51 2k pR&Y , 1IEA£
A% A TN DX 1] N R AR T 67 R A DUy 2420 93 A
BEDLRAEIRAS . A0 Tl X F 5SS, 3
AT UGN B P AT AL 8 K28, AR BT B — A R
2 P P ER S AR O, A A T DX 1) 9 TE AR AR AR AR
AR e, BEAY AT DA o 5438 5 kT LE T 2 4 55
W TCHEAR I FIRAE . 207 RO HOR i ik
i T e B R 4 R (widthwise causal convolution,
WCC) I fif P T R 32 B S K B0fF B 8 1
[F)

I3 T DR A B G 1 s 1 s AR 5 A
10 22 S, AU ST R AT G0 22 [R] 7 A 25 A8 AN D L 1Y
[, i e rh 2 AR SO U B A PERE . A
T FBROTAR R Z =BT T Wtk U S I 2 s
(progressive recovery training strategy , PRTS) o 152
AL 4B IR IE REAEARIR 8 SRS SR T

TERIR B B, Wk P 2R B B v i) 5 B R R
B AR A S e A AR, LAt/ B 25 5 st =2 ] 1Y
ANVERCIAIER 3k Al dE R N R s AR P T
Tk Be 00050 P 51 AR DG, Ty EL RS /&5 I 5C
FHUNB R PR RE

AR A X L ST G 5 O 25 SR A 5 S
TN FEAENNALE R a2 6 R . AL 45 1wl
DU 72 10% U 2R a1t~ L BT et )7 248 CRNN
FI TRBA (TPS-Resnet-BiLSTM-Attn ) JELE A1 43 51| 3K
15 17. 8% 125 6% HYVERESE T o — AR H1 A T il 5
BrE ] T BT B R DR R A AR i = A
IR MG BT 5 b B

&6 £ STR-CPCHUIlZ/E T FIRAEE B RIAZER
Table 6 Fine-tuning recognition results after
pre-training with STR-CPC

/%

SOfE B

i |2y o

Irik i [ESyps i (10% I Zekt)
None 74.8 40.9
CRNN(Shiéff, Vanilla CPC 75.0 54.3
2017) STR-CPC w/o PRTS  74.2 56.1
STR-CPC 77.0 58.7
None 86.6 41.3

TRBA (Baek %%,

anilla CP 1 1.
2021) Vanilla CPC 86 61.9
STR-CPC w/o PRTS 86.5 64.7

3 AREBBRERE

RS SCAR R RIS 2 Tz 4
52 BN NER IS BRI , DA BITBIF TSRS SR A0 3 HE R 3, T
PSS A B ORESC TR U 24 R A TR0 IR AL/
PLF5 BN il 35 U LU 3 5 SO U B4
SCARSRRCIAT T I , 74 B R ECRF 0 7] B, R0 B AR5
TTAEERAE hTE AT B RAE LB £ L) b o 2R AR 00T I
FHOR H AT 2808 B O HASBISEPr B . H
AN R A ) A A A A2 4 RO T ) SO 0BT LR
BRI A 2 8 A T IT A o AL TS P A7 R R —
A TR A, 7EAREC T —E BREAS S, EIEOAR
#Rn] LA I ) R I — A B i i D D5 56 T AN R
{14 SCRf LA AN [ P A, e S T SR AR T
Z RS RO AT S IR R A, (AT
WE WP ARA T RETIT k. BILTE
FERUR B 28 T SCAR RO FRFEE 4 i, X 07 THI A 7 5K e
P IE I, TIRTEFOR B b 2N FAA E 2/
JEASIA] X B SOR R e A S U AR 55, 2
(8 A SR R AR BT A9 R T4k BE R oD 2 BT SCARA T
Ao FAFUI o DL B A R S i b 4k
T JE /0 By BRGSOy R R AL PR A 2 ARt
PRAP IR B 22 g, HIF AR TR AR 55 2440 i
] AR B TAE . Yt SO 7RO H AT AT RIS
PRz — e R X, A R B XGE S5, I AE
PEAT S 5 3TN, — T i 2 ey SO A I A
WUBIVERE , o5 —J7 T Al LA B840 Bt 37 55 bt
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MASCRYS B BE 43 BT -5 TR 4 A A R, /DB
FR 5 SC 7 SCAR TR I A OCR A3k 8 — A 17 i 4352
2217 T NG LR~ > BRI 2 O FE S . 8L
FRUGAL . FRIE SR I 43 FEREAY L) Ko A PR J3E 2 S
HEH AR AR b DTS 8 S 2 3 S SCAS U
FRE) T /DE R G SCR BN, B T RS £ SCR B 51
RF ST — 2 (TR A, AS R SCR R T AR AIE A7 3
HIHRE R AT B 5 N A Bl 1) 22 (B ARG 4, DA
T[] — SRR [R] SR 22 (a1 R 1 25 57, #0 5 /D 4
RO SCF SRR BIERE . YR TTIR MEFh S i AR
WU, HH AR R e i AR RO — 80 . AR
UG HRARAT 55 T SR 48 SFA e b5 Fn o ik (i
T OAE,2023) 58 RNl EE R e o b 5 IRk
Ui, AN R ksl # 5k 7 AL 3 O B8 46,2023) , 48
[] SCRpO6E % A A B rp R T LRI AR AL 3R A S R
() ST SRR R 5T -

MK 30 7R 3 5 AR RN RE N B R, 2
KT 5 PR AR ELA v (R B2 AT 422 32 1) S
RSSO FH G BFE BUS T — @ iR, T
L b 4R v R O T TR 1 A 4 R R 4D
T EOR B T . AR AT 2 44 P51 5 S 0 B R
(RME R B DFEAR SR Z R L. B A ff
FHEAFEEIRE A A4, B v, #1
FHF LA 28 045 24 11 IR 2 45 R i i rp 75 22
FER . 2)FARNZERE. A A SR
PLRSCRP O 32, 06 F 2 OIS & F 5 S A i
R ARTEARRARA IR K L0 7, e —
SO/ NEFR ST . 3) N R A 2 R A A A
K 1 35 8 b DX 1438 /D R (A B IR R I B v R
FT IR 5d F0% ) SCF 5 R b rp 3 [ R ) SCF B R
Z AL Z AL IR T 2218 R i e AR AU E AT —
FE BRI

25 LTI B RS [R) SCRR A B S SCAR g
T R AT WG T 10 A AN A, 7 Sl 0 2 A0 9% U % 1
RS TR] R SO SCAR PR e, 2 BB KT A
S GNYNLRAR AT /D i 4 R ), LA R AT 6 S Rh =7
A5 0 FF AR E I T 5 R AR 4 [ T A ke 1 70
5 R S SCAEU 2 /DT B AR U LA T B A
FEIETAE : DE5E SCF A SR s FN 37 5T bt
FHANHHRGI K o AR ER G SCF A B RRE
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DUSGH R B A 0  wl DAk — 2B A9 45
S BOCH FEARZIRT A4 F0 T 5 F B AR e 5
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RS HIEOR R IR RO B s 2
TERUNRCR 52 AV A Ros e
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