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ADA-LTRPY 277 86.54 93.86
Diff-Oraclel”) 275 88.07 94.12
ARITT 277 89.89 94.34
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OBC3064 s S8 4306412859, B 51
AGTGANP 5 CycleGANPIEEA: 1% 37 VA% B 13X
— R E, I 29 B AR K B RN
8, MR T EREAREITS . R, E2EET
il PR R A3 AT [l R AT 5 AR 1021 5 0N I
A9 FAN AR b JE T FREA S 2] juWs, midEak
KK G IR AT S . N T RET EHEMNH
RSk, W25 BRIX 204 FEEA ISR, AR BE
RI277H . AOEIFX — LW E, FFEEH
27T HNAT IR . T Diff-Oraclel” 52 IR T B 5035
LM TFHRFILEESR, AUEH T 7EOracle-AYNUFI%L
P AR P RERS IR BT A 275251

AL 5 A P I i AR 4R AR R T R
BT 1 NEEAER Inception-v4l O 52 ] T K
B AR s, 1E306 485 AT VAL, PR
TR AN NT0.28%, RBEBAETFAY 5K
FRARGMTESS EAAFEEREER I . T A ST VoK X — 4R
FRIEFF2289.89%, HMEIE19.61%, HRIE I HISEEL
BEATHEREXT 7 R, AN ST VAR 1H 2 35 FR TR R
B, 3X SR h B8 40U B AR SO TE R DL 0 A
P R A Rt . ok, MR T Mix-upl™,
CycleGANPUFIAGTGANSIZEIE T H 45 186 5 ok A il
PN ST Ol NS s R 7 I = 7 S 7 v = S = R LN ]
=, BARCycleGANPUFIAGTGANBE it A4 st it
W28 A2 IRREASTE — B FE S R BRI = i, iR
BT Misc-up Az BOFEAS T SUBBI ) R PR 14, K573
W AHER R T E83% ~85% X 8], {HHAUK FEkt
Ao T e gl NS, 3 B0 R v A R 7
Bro EAFENRE, AGTGANE A4 77 A
BRPEARIE306 N AT TR, BREAR SR
B AE R SRR, S ECT R B R IR . R
MM, A5 155 HAB A 277285 F 347 VP4 (1)
TERAT FERE T R A A, AR SCT7 VAR IS
THEF, XFAUE A T AR SR B I AR T2 00
Bk, R IR T T K R RHIE R AE fE
77. ADA-LTRPYIE A sl 2% 5 R E R ARG
BURIIZE G, A RO B b 70 R i 2 . 2R,
HE UGS IR 2 . 2RI E R aimg, & RoRf
AR RET- PRI B ARFIE % ) . 5 LR SRmEAH
o ARICTTEWFE T AR IREAR A iR ng, R
BT M R AR SN, I 78 A2 SR P
B BRI REREA, TEARGI NG B I RTHE T,
TR SR AR TR G R 3 B SRR AE () R RE T o ARARCT
R ] (Decoupled Long-Tailed Recogni-

tion, Decoupled-LTR)"777%, ASCIEUEH T 5|
N HMEFE SN ML I 0 E . BPEDiff-Oracle” {£ Bl
BN B, A ST ARAE P R A e %
M3 7 1.82% M 305, FRR 2 U vE il 22 52 7
£94.34%. XRW, EHARIEEEE T,
SEE G IR SREE SRR BUINAL, AR H B
H 515 SRR R Bl 3T e o8 A F R S A R
4.5 HE4SZIS

S SCAR 5 T Rl S 56 Y 5 SR AR T T CutMix M
Rand Aug!" 2 FUA SC B TE I 3 B K AF 8% (Difficulty
Sampler, DS)H M. K29 M TIE RS LM
B ZR A

Cut Mix 7 V275 A R A SR B (1) 175 Ol R A 2%
il e T HHE B b B A s AN ST ) R, B ARk
CutMixfif FEHRR &, 2RI GoD B Ao w4
FEARBEAT RFE, (R AL 22 5] AN FEA RFAE
B A TH M 2 STAEAS . IR PPk BY VR A R 3 SR AL i) ]
CABH 1A AR AR 4 A 1 R ST I, FRE6
B T UL 40T, Fo Ve A R 70 £ di 4
AEAE ™ H P P ORI TR AT (1 I PR R . 5 Rk
RUAIEE, A A CutMix 735 J5 AR i v A 8 P BE A
92.33% 2 5 $1]94.40%, TR A HER R MNT8.11%
PR H8L.55%, XKW T CutMix B H R

Rand Aug!"? 77 V75 45 & A8 ith o BE APk % AN ]
BTN TREAR, FEFEARNZEN, e
Rz AGRE S, A R/ R RE I fafiE . 382
FUTERR, SRHEFZEMNIL.40% 5 = 2194.71%,
PS5 S HERF R A 81.85 % HE T %£83.87% o

2 F CutMix 5 Rand Aug /7 v 55 A5 YRR AE B B
RE ST 8, A SCAE 55 2 BRI 2 b 48 A Cut-
MixFRand Aug /7 %I 2k H 1Y BB B/ Sy 2 Bt
()BT 0 2% 1t — 5 AT AR

N T B b AR R S K T AR Y A 5 ]
FE I 25 () 565 20 B VA0 1 P e 2 SR R 5 R 368 1o R 47
FE 43 BEAS [R) ) KA AR R A8 e 38 A TR 28 11

% 2 ETOBC306HIRERHRMAR

CutMix RandAug DS — ‘ TR (%) ‘
SORBIERR CESRMER R
x X x 92.23 78.11
v X X 94.40 81.85
x v x 92.86 79.64
v v x 94.71 83.87
x X v 93.01 80.57
x v v 94.60 82.91
M M N 94.48 89.47
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i 83.87 %R TF 4589.47% .  H T Mk FE SR MK
I TR ZHOREAR B SRB IR E, RS
PR e 2 o0 O o g A LI, 7E— e R R 2 T Skk
=¥ N NS UG SRRETI M i o Sl N
WF2H7R, CutMixMRandAugh] LI Sy
(AR MRS, R R0~ i S 350 0 30 8 )
ZIEPER T, BERSEIE SRR W
FK2H6AT N, W INRandAug)s, Pk A&
RS EE 3 ETF T 1.64%M1.59%, XEWT
Rand AugfE 55 20 B oo TR A0 IR B B 1 A
Rtk FER2ETATH, CutMix & #5981 #58xF
FEAR R IR 2E IR RS, SEPL T SE &R 1R )
PERE, FRT I UHER 2R 82.21% i 3 1 1 4289.47%
7EOracle-AYNU L [ il 5246 2% SR a2 345
Fis, EFSHECHNESF, G 8RS A
75 B 5 A& NS . Rand Aug AL & 1 (8 % 15,
Peah o mont b B B RN TEE UG
R, MR E VR R . T CutMix J7 % B g i@ it
SE PR SRR AL, BEEER TS K
B, WG A RIRE BRI EEE#. X
TERLAN D VR A 55 5 1) 7 T R BXObR 28 2 [ 77 A 2 B
(PG L, SRR T AW S, B 25
RS2 PR o fH e BESRAY SR T AR 2B Boll b ol
B 203 5 TE & BRI R A, R e
T AR82.37%, PR MHEHF RIEE S
79.75%, UEBH TSR BH Rk .
4.6 SRS
T ERNIRTC TP ME LR RE 25 0 0% B BUAE A
FHESHEE NMRNM, HRIELEREESE K
P, ARICGHAT T — RIS BRI 2 525
IR ZE A B BTN R o L B, AT
W AFS A G . MEAFR, HH XK
B R a.([0.9, 0.9, 0.9]), PR TR,
% 3 ETOracle- AYNUHIBERERAR

CutMix RandAug DS — ‘ TR (%) ‘
SORAIERR CERRA e R
x X x 77.32 65.14
v x x 78.11 65.35
x v x 75.32 63.29
v v x 76.89 64.06
x x N 82.37 79.75
x v J 79.55 73.42
J J J 30.56 75.48

T BRI SR E AR A 5 G — R UK
e ([0.1, 0.1, 0.1]) SR BUE # s 1 ¥ & ([0.1,
0.5, 0.9]), W52 kA ALE % & U TR ALE B 21 5%
%, PCEIIEAISL. IR RER, ASCRHA
(1122 FAL I E o =[0.9, 0.5, 0.1)I T Sk & 351 1
B RBOAMRFRNGARE, BT R IINE T R
DGR B2 IR, eI BE T K RBEWE A
Rk, SEIL T dmn kG BE TR g

SRR FE BAE G o] 18 e A T ot Sk SRR 3 28 A
SRR, s F AR A LT R [R5 5
BUR, ARSCHAT T 400 BSBUMBUEIE 1T . ks
fis, & BEUN, Sk AT 32 S AL ) T AN AR
FETEHT, TRHIENIYE 2N, PSR FE T 2 PR
Eeyc N S INE PR L S Uy BN NE 2 et
%K, MAHEMEES, IWMZELBESHET
AR MM A, SESR IR EREA .
ek IR, BEE B=0.999 1] LLTE R #2053k
) B A AT R AT OR, A AR
X5 PS5 RS- S8R FE 77 T #S AT S e A

ST A TR S FE ST M A Y A E T ) R

R4 LLERAE o SHAIERE

- HERIZR (%)
ac.SH TN S e
AR HER R TR A HER R
[0.1,0.1,0.1] 93.43 86.47
[0.5,0.5,0.5] 94.12 88.12
[0.9,0.9,0.9] 93.67 87.08
[0.1,0.5,0.9] 93.42 86.78
[0.9,0.5,0.1] 94.34 89.89
=5 LRFESSHEEEE
- IR (%)
- SR SR B I R
0 94.96 86.02
0.9 94.90 87.00
0.99 94.80 88.03
0.999 94.48 89.47
0.9999 94.01 89.10
% 6 LB EIZERE T st 4t
\ IR (%)
B F-s — SETe
SRR S 455U R B
5 94.48 89.47
10 94.60 88.79
20 94.81 88.77
30 94.17 89.11
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Decoupled Learning for Long-tailed Oracle Bone Character Recognition

Based on Adaptive Difficulty Sampling

SUN Junwei GUAN Suyan CHEN Xinyu WANG Kun CAI Yuangiang

(School of Computer Science (National Pilot Software Engineering School), Beijing University of Posts and
Telecommunications, Beijing, 100876, China)

Abstract:

Objective Oracle Bone Character (OBC) recognition is challenged by an extreme long-tailed distribution and
substantial intra-class variation. Conventional deep learning methods are often dominated by head classes,
whereas existing approaches tend to overfit tail classes or fail to account for differences in learning difficulty
across classes. To address these limitations, a two-stage decoupled learning framework is proposed to improve
the recognition of tail and difficult classes while preserving the discriminative capability of head classes.
Methods The proposed framework decouples feature representation learning from classifier optimization. In
the first stage, the backbone network is trained using a mixed data augmentation strategy that combines
CutMix and RandAugment with Label-Distribution-Aware Margin (LDAM) loss to learn robust feature
representations and alleviate the effect of intra-class variation. In the second stage, the backbone network is
frozen, and only the classifier is optimized. An adaptive difficulty sampling strategy is proposed to dynamically
assign sampling weights according to historical and current class-level training difficulty. The classifier is
further optimized using a Class-Balanced LDAM (CBL) loss, which combines class-balanced weighting with
LDAM to refine decision boundaries for long-tailed classification.

Results and Discussions Experiments on the highly imbalanced OBC306 dataset demonstrate that the
proposed method achieves an overall accuracy of 94.34% and an average class accuracy of 89.89%. Compared
with the Inception-v4 baseline, the proposed method improves the average class accuracy by 19.61%.
Comparisons with representative long-tailed OBC recognition methods further demonstrate superior overall
performance. Comprehensive ablation studies verify the effectiveness of the mixed data augmentation strategy
and the adaptive difficulty sampling strategy in improving the recognition of rare and difficult characters.
Parameter sensitivity analysis and qualitative error analysis further confirm the robustness and effectiveness of
the proposed framework.

Conclusions The proposed two-stage decoupled learning framework effectively addresses long-tailed OBC
recognition by balancing the learning priorities of head, tail, and difficult classes. The mixed data augmentation
strategy improves feature robustness, whereas the adaptive difficulty sampling strategy and the Class-Balanced
LDAM loss jointly optimize classifier learning and refine decision boundaries without degrading head-class
recognition performance. The proposed framework provides an effective solution for the digital recognition of
Oracle Bone Characters and offers technical support for low-resource ancient character recognition.

Key words: Oracle Bone Character(OBC) recognition; Long-tailed distribution; Adaptive difficulty sampling;

Decoupled learning
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