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Abstract

The oracle bone script is the oldest mature writing system in China and even the East
Asia. The study of oracle-bone inscriptions is of great importance not only for Chinese
etymologies but also for learning about the culture and history of ancient China, and even the
whole world.

The detection and recognition of the oracle bone script that are the preconditions of
deciphering the oracle bone scripts is one of the most important parts in the study of oracle
bone scripts. However, these works have to be executed manually by the experts, so they are
inefficient as well as cost the valuable energies of experts. Therefore, it is of great value to
study how to automatically detect and recognize the oracle bone scripts. Nowadays, there are
few works in the field of oracle bone script detection, and the works on the oracle bone script
recognition rely on feature engineering conducted by experts, and the designed systems are
usually complex and consist of many components.

Considering the success of deep learning in the field of computer vision, in the field of
oracle bone script detection, we first construct an oracle bone script detection dataset called
OBCD (Oracle Bone Character Detection), and provide the baseline dataset for the works that
apply deep learning methods to oracle bone script detection. Then, we combine Region-based
Fully Convolutional Network and Feature Pyramid Network to construct the basic framework
for oracle bone script recognition. Further, given the problem that the oracle bone characters
with multiple components are difficult to detect and the dataset is lack of the training data of
these characters, we propose a dynamic data augmentation algorithm based on the type
matrices to increase the overall training data and create the difficult instances specifically to
help the model focus on the difficult characters. Besides, to solve the problem that many
meaningless nicks on oracle bones look like the oracle bone scripts and confuse the models,
we also propose an algorithm to refine our detection result with the recognition model and
help filter the false predictions. Experiments show that the proposed dynamic data
augmentation algorithm helps the detection model locate the difficult instances more robustly,
and the proposed algorithm of refining detection with recognition can help recall the correct
predictions with low confidences and filter several false predictions, and we finally achieve a
F-measure of 83.79%.

Besides, in the field of oracle bone script recognition, we construct an oracle bone script

dataset in character-level with 306 classes and 309551 samples, and this dataset is the largest
II



set in existence and provides the data for the works adopting deep learning methods to
recognize oracle bone scripts. Then, we construct the framework for the oracle bone script
recognition based on Inception-v4 model. Given the problem that the distribution of the
dataset classes is quite imbalanced, we propose a data augmentation algorithm based on Cycle
Generative Adversarial Network to synthesize oracle bone character images in diversity,
balancing the distribution of the dataset classes and eliminating ill effects that the long tail
effect causes. Experiments show that our proposed method achieve an average accuracy of

86.54% on OBC306.

Keywords: Oracle bone script; Character detection; Character recognition; Generative

Adversarial Network; Deep Learning
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%:%Mth%&@;%WWEJ%A@%%AW (4-6)

TESEHTHFIR & Dy F1 D IS HN, BT W0 BB AN, Bk pi & bt
SAVR R, IR H R 4.2.1 TP RAEBXS TR Lo, PERITFE AT .
LDA =Lgyn(Gy5,Dp,4,B) (4-7)

Ly, =Ly (Gyy Dy, B, A) (4-8)

4.2.2 HEIHIEKIE

532,10 WAHRE, FATFERESINHE S A EE A O Bm I R, W 3.2.1 fir
B, P SCFEEIEE S 5490 ZF T, 1 OBC306 72 H: A A 2 5 »
PRI J5 2% OBC306 IR HE— 87 b AT s 3 I, $5458 R X 7 - S 1) - B A i\
K
423 WIBEHIX

BN RA A BEAEI T HIEHIRAE . JeXt CycleGAN BERSEAT ISR, FEAIFH %
TP AR AT UG B . O T BB S R SO AR I R, AR SO 2
A A RN UGS E N 64X 64 (1 HUEIE IR, RS 24 1T AR 55 1 58 28 s 5 R0 2%
I 50 . DA Gap NI, HERGAR RSB SR 1] 4-8, 15 3 MERUERHUEYD
RAAE BRI DL B MR 0 R SRAPE, B A2 4 Mk M i, DLBkER I B2 45 & K E FRIE AN
HERE, AR5 2 N R B R, @ R R IE R AR R R R,
B He b AN ERUE B, IR B SR s I A, R AR R S R AT



LT T K22 R i

N 64X 64 FIHIRIEEIE . LL Dy ufl, PG EE R UnE] 4-9, BEARLE ] G AR
XN EHRHEATIZ R DR, S A5 B B N\ R D9 FUSE F i SCEME I T A %
RS HECHR[601 451, Br 1 A RAS MR e — DR DL 35 10 26— NS R
B, HAPrA R BAME ] 7 SEA LR, AT R SEBIZO A4k, AT e A

IR INFEE -

m o

[ AT
Dutput; Oukput:
162 162 266 KRl ey
Z Curkpurt =
(utput: B Ex 128
16 167 266
Output:
LB i
bDecony block Cutput :
H3 643 54 4 256
Ok et -
44K ]
Output:
e |
Cutpait:
L®1# 1

m e

P 4-8 A=l AR AL 45 4

}
[0, 1]

K] 4-9 H) 5 8 B 4 4

W MR 5, A SOT IR R BEAT YIS, IR 75 2 B A5 XU R i
B3 RS RN R 8080 76 BB A XU B3 D7 T, ARSI 0 B OBC306 73 1 A5
HAE, JEo TR 7, O EHA R B BEVLEL S, mE R
5 127957 SR BB 7R SEHIE SCRARHE 77 T, ASSOR 0BC306 B> L%
H 75% 4B IR 4E, 3t 232236 K, AR T 12 4 epoch. SRJEA
SO B T & OB SCERF S . b TR S0 e s L R, A IR i N A
HEAF AR B R, T Be DB AR B IR AR K 0 B & 2RI &
BUE, FRATTE Sexd A AT BEAL O MG A B, PR AR RS 1) A BB A S AR B3R 1
AT R A S, EUR A E AR 45 LR L P 3R
L INBEHLE: R
2. LA 10%MIMER BEAT AL KR H o
3. HHATUT AR, PR IREE N 0.7~0.9 15 T8 i I BEALEL, BEFs f R N-15° F+15°

Z 8]
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FE SRR

4. BATEUAL, BARERAF R BRI B 8x8 MM, FFILEEAS A% A BEAL T 7 fh
M—U BB IR IIME DY 0« T3 2204 0.01 HIIEZS AT o
5. BHATJRERIMER, BEBEAL KN 222,

43 SLWHERS5 5
43.1 HIEE OBC306 LI
43.1.1 SEERE

HETTH, 97 N AR ATV RN U R B (R FE 5 ST BOR, A SCiER 5
R E R AE AT BT A A 2 A 4 R, /) B AllexNet®), Inception-v4™™,
VGG-16°), ResNet-50 LK ResNet-10117, I 2RI 4 ] Adam {4k SEmS, )I1ZRZE 45
RSN IR, R T H Mg B, A SO 5] AESEH HOG #1115 SVM BRIP4 2
. T 52 MR H

a7 T, A ST R s P BENLIEEL 75%E0 8V E iz R ZREEAS, R 11 25%
YERMAREA . XFT 29 MUCA 1 SKRFEARRIZEA, ASCEFEANE N IZ R IHAREA, K
HAZRE A INGREA

PN O, PR RIVEAN 7 SO IR B HERR R po, R AR G (4-9), i 7 o8
AT RANER AR, N IR SRS (il TRIEE TR MAY, H
AEI R L FEAR R R 32T BRI A SUE ISP HERG R p 1E N PR bR, 22X
(4-10), Horp T 928 i AN RRRBNIESIFEARE, N OV | RIS IR S, 0 A2
FE (4-100 BP0 AE T4 IR 45 BTG 45, JE SR S50 35 LU Ay
PR AR AE

.
P'== (4-9)
>
= N,
p= (4-10)
n

SCIGFE Pytorch URSHEZEIVR#EAT, %N Intel i7-6700K ALFEZE, Nvidia
TITAN X PG ALFE2S DL 32GB A7«
43.12 ZER9Hh

FT A 7714 OBC306 E IR FIHERGRINE 4-2 fion. BEF 1S, H5 HOG 44
4 SVM T [ 45 B LL T #4228 BRI 45 B2 IR 2 SRS AE T S P 42 N 2% B0,
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SR NI 2 e Z VA9

Inception-v4 f£ Top-1 1 Top-3 HU43 T HiF IR AL R, £ Top-5 Al Top-10 HUAFIRAL K
S5, EVE FR RIS I B SR, (BRI S5 e A, VA R SRR,
SAEG R EIEAH LG, TR BERR 2R WX 28 B AE H i SR ) e B A B4 R FH ROR,
2 H AT RO I AR B & N, #N Rk 77 AT 3Tt .

3% 42 AFIJTVELE OBC306 (2 1kt %

J7i%: Top-1 Top-3 Top-5 Top-10
HOG+SVM 14.29% 25.93% 32.15% 41.26%
AlexNet 66.75% 75.31% 77.46% 80.56%
VGG16 67.20% 76.21% 78.57% 81.51%
ResNet-50 68.72% 78.12% 80.69% 82.63%
ResNet-101 69.50% 77.92% 80.00% 81.66%
Inception-v4 70.28% 78.74% 80.28% 82.28%

e NRASCHAT THEIRAMG R0 BT HIREMREAR S KRN, A3
AR B 5N 0~9. 10~99. 100~999. 1000~9999 1 10000 LA _F3t 5
H, FEUHEE AN [ 2 ) 2 BRI IR A N P iR 2, A 4-10 FoR. HE
4-10 ATAN, HFEAR RIS, Fra SR R R R AR, BB RIS, 4
WP IR A R T, FHICRTDAE H, FEAS R 1 20 A0 AN P 2 FF A AR 1
— N A

0.9
0.8
0.7

% 0.6

8 0.

#0.5

404

0~9

10~5949 100-~999 1000~99959 10000~
EEEFR
® AlexMet B VGG1E = ResMet-50
ResMet-101 B Inception-v3 B Inception-v4

1 4-10 LURE AR 41 LR R BRI 2 T S
T, AT DL R ) ) R S e SR EAE R R R . B 4-5 RO T IR
FEAS Hh R A = v /T S B0R A A iR FIREE, B 4-6 M7 1 DRIMER 75 ) -3 EORE AR TH )
HARIORED]. [, B 4-11 JER T REASETE 1000 7K AL 25 5 R A K 3L 5 HE B

K, FHEMIZBHEAENFETHT, HETCLER], MR B A I A
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FE SRR

FEAE A DR 5 — B, T2 SR B S, R IIHER R I AU A RN R .
RIS B 4-12 Jieom 1B 4-11 FPErf 5 A0 AR 300 R OB IRAE A, 7T LU B L8
AR P R DL L™ B, I AR R RS R R R SO AR A R R 2

I0000

25000

Fae L]

HamE

1 S
1 DDy

S

2 (1T T —

IR

K 4-11 FEARLE 1000 BLEIISRAAIFEAS & 50 e =%
GERLE PRI IaURY
gl NN ReER
wuibil B QPR .:sﬁﬂ' l
U [N ""“'HE B2

a)

Bl 4-12 F053 2000 T ’%%weﬁ—ii XL 4-11 EPE*MH
M ERERAT LG S5E, A H B SRR BB T, Bl & 20 A i R AN
SR ILG DL R M 7 i R I T A R HE R AE

432 BIRIET BEIASLW
43.2.1 5t BAREE RS
AR 4.2 FTFTIR IR T CycleGAN W28 (R 3E 38 T L RIVERE 9 1 IEAT X EE,

ARSI IG5 9200 B SE VB SO AT BURBEAT S XA R B SR, K
WETOER B AR S 423 15T R P AT B R AL BR AR A AR A . A S fE
Inception-v4 1E NP SLIG 5L, FRITA 4.3.1 RS dsieE, e T e
FEADT 1000 5K 951, RIVIZRENGR A>T 750 5KIIZR, AT — g ) 7 pn 2k
T CycleGAN PIZ& (IS ) 72 I R B #h 58 2 750 5K, 10 1000 5K BA_EHISE I AMEAT:

SR
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A2, T OBC306 #d &t 29 AN R — Tk FEAR RIS, T X BRI B A I ZhFE
A, — BT TR AT, RO T AR LG, f# CycleGAN P48 3E4T 5L
3G 1 A B SRR IR SR 0GR AKX 29 ARG DL O IX 29 FAE R 1Y
I

TIGAE U 4-3 Fion. HR 4-3 ATLUEH, BRI En] DU T 41T a0
FRRAMES IR, T HAH T — B8 5, 2T CycleGAN W45 45445
I RESHRAMTES BT 4 A0 128 P MR 280G B s MR T SO . Bk 4, FIH
CycleGAN W 2% FlI B X 29 MBI ZRAEAR 2R AT BRI, Reitt— P4 TR
T (MRS HERA =, A5 B JEAR 58 4 B VISR IO S U, a2 — IR B0k
g v SN

B NRBATHATHE IR MG ot 5B 4-10 407 AR, B 4-13 AARFE
HyEmr 5 aUr, ANFEREARRZEAR) Top-1 “FUER=R, i 5k R FEA B 7E
1000 AN IR ABEATIG) " ATLAE Y, — I8 J7E 55T CycleGAN 2% (1384 7572
A FEAR /D ISR HER A BT, AR T — B3 757, 2T CycleGAN
WA 2% (B 1 T T IR AE R A RO 0~9 B2 BRI, EREAEN 10~99 5 100~999
0 (- S HE A SR AR T — ) i, TR DR T3 43 00 1 A B s e D
HA5 RS B IB 20K, R & i R B0 T I GREE B 7
i, TSR T HERIR . 18] 4-14 JoR 130 R0 5 L SE B8R A — BU 3.

R 4-3 AFEEAE JEE OBC306 LT ¥ itk 2

-y a9 259 Top-1 Top-3 Top-5 Top-10
AERET B 70.28% 78.74% 80.28% 82.28%
—RIG) & 75.42% 81.94% 84.13% 85.89%
3T CycleGAN 7 77.76% 84.66% 86.19% 87.44%
T CycleGAN A 86.54% 93.59% 95.12% 96.74%

R 4-4 s T AN FRIEH B SCTRAEAS, 58 1. 3 F150 08 FB SO s DA RO
PP REVESEAE, 5 2 S8 1 AU PR CycleGAN 2% & R, 26 4
BN 3 PRI E SRR — I ARSI & AR . B3R 4-4 WA, ST
CycleGAN {28 3145 ¥ 5 U 5 1 9 HORIE I A EEE AR B, B EARRETK,
Rl X 28 il 2 [ A AEROR 7, R REEE 2. BRILZAh, I & A
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FE SRR

R A-4 PRRPECIEEE ) R AL B R 5 0 I BRI

FIRME EFCycleGANMLERIE B HHIE —REIEEE
4

cBAR%HE 849

GBS B P B R R B G R F3—Jrm, — B A R R
SAERIR IR S B SCER AR L, BRI IR B 1 JEOR IR XURS S (H2 BB ALK,
2 REPE 5 A O B 2% R Bt A EU A T HL H T — AR ) O R ke R AT
T R AR, ARG GIX SR, AR, S5 ETE, AL E
B, T A TUN A IR3G 1 T30 45 1 A U R R A G FOSe i B, Rl thA
ARG ZHENE, 5 INER R BB L, B R .

LI 1= R I LT R 10404~

FRIEE b
m {EF TG m— i

B CycleGAN[A I 208) = CycleGAN[ LI 293

K 4-13 AREEEERE 0N, AR RERSRAN T MR

B 4-14 FB 5 TR 5 R SCRCSIEAE 7E ZE A BOR ISR R
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4.3.22 BRI BENRRIYE
ARATRT— G SIE AT CycleGAN W4 KRR SEEA G $UE T
PERE . BAT AXTFEAELE 1000 LUK 3000 BL R AT 5000 LA (25052847 U1 20 $0 80 11 3
7 BRI LG BT RIS SR R AT 55 (K S8 S HER AR IR S, AT I
AX 29 MEAWNGFEARM AT . LILE R L 4-5 P, HRWJEIET
CycleGAN 2% BT AT 3 Mzl 26140 0 287 B a2 f 32 T BRI L — s
BOERISEAE, H TG BRI 5 A 5 BB o A AR — e 2 5, IR i
%O A J5 2 U R o A, MBI SR, N EREE G TR BT, R ROk
i R A Y R 0 S A S %
45 ANFERIIGEIEE) &, HESCFRF RS Top-1 8-k %
75 #1000 LAF {17 3000 BLR| #5000 BAF
— R 75.42% 75.17% 75.09%

T CycleGAN 77.76% 77.52% 76.70%

4.3.2.3 HENEr BAF AR
B BRSBTS, AR HAIIET CycleGAN WZR (ISR | 5057 LR T FB 3
PRS2, Rl L — s SRR MR T RO A, AR A AT 3 VRIS AR
SR SR 2 A SR O ) B FE SO AT R B AT R, (AR 4.3.2.1 SESS
Pk, HETEET CycleGAN W4 (8 5 ) S0k 0 B SO TR, BIINE AN RE
AR T TN 22 AR (0 R SCA OB o i SRR L PRI R AR, R DR
TGRS R R AR TR B AR T A R

4.4 KEINGE

X A A T ASCRIEE I S SO AR E OBC306, XA H T T4 SR i
I B SO R AR A T BRI B AR, R AN R
DU A B R A, AR 4t B R I 4 S DL B LA 45 ST AR Bk R
SRR BINE S s B IR A 3 A AN T I B, B2 T 25T CycleGAN %5 i) B S5
TGRS, SO AR T R A JEUE DL BRI R, RN R B S
Uy b5 — B8 I BV AT EG, EBHIE T CycleGAN P44 [ FR B ST 70 SR 80 ) B0k Ly —
F 880 S S AT AR T R SO RRRIME S MR R, SR T 4 A e
3R K AT LARCHE R T 4
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45 w

75 it

FA R SO 2 [ T 2 2R e (R RS R Rz —, e T 3600 2 4111 B N
SAR P S, W A0 B SCREAA R TR T DT I R IR S, RIS 0] 7 fige o [ 7 2 A 7
(5 SE A 5 AR BB R S, DR B SOOI B R . AF N B SO R T
(A, R SO A BRI S U — B EE MRS 2, SR H AT T E AR
B SO A H B I AR IE AR 8 D, i H B SO H 3R AR5 IR B 2
FIVFHE LR, X 2K FE R m, B REWIERE k. Rtz sh,
B SO R AR B = R R RGO 0 R SRR SR, X RIRE s TR T
HHEHBARMFE R TR R R ST, A0 T CUF AN E T
1E:

1. ERE SR, ASCE G T E SRR EEE 4 OBCD, X2
SR G A R SRR AR B B, IS SRR B ) L T H R SO AR
TARPR LR MR . B AU T 25T R-FCN 1 FPN IR R W45 (1) FE -5 7
FRRGNERESE, JREE 40 i B RS Ar il A 0% 2 MbsiE R 4RI
BRI IR R, AR SCSEIL T T A 1) R SO A B A IR, TR Ak
RS P [ IR At ot P b A = R 2R 58], A RS2 B I SG R R 2o Bk
Wbz A, ARSCSREL R SO R AR BRI S, 7R MR E 5 S A TR
TRV T FE BRI P17 450 T B ARSI A il /D R R R I 25 SR . SR VI B R T
M ) PR B SO AT S AS I T SRV R B I S50 S A M T B S MR T, TR B R
RN 22 FRORE M 17 100, R 3 ASE TR 0 Rl e 0 02 P T &8 SR Al BB IE,
B F-measure f8 4715 3 83.79%.

2. (ERESCFIRARRITI T, ASCHEE T — AN HE B H R SO AR 4R OBC306,
Hmwak 3 309551 5K, 5 306 KA RN SCFERF, X2 B A BRI R
B RFEAR S, R VR BE 2 S i U R TR AR A T R . S
FHWSCEI T HT Inception-v4 PR FAIN46 10 F FF IR A BIEMESL, FHHET U ai(E
55 R RN 2 IR BEE AP IR 1), SEIH T ST CycleGAN I 45 ) F i SO A 43t 4
TR, HUEABEMEZ P R TR, PR, R R R RN
B AR BIPE RE I . SEGAIE AR CycleGAN & R I8 ) B 427+ 1 HE S
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ARSI dERf 2, T B L — AR S, ASCSEI A CycleGAN
BRI BRI AR T AR S B, R 2 U HE R 2R 3 86.54% .
SRR AT LA LR LA 7T

TEESCEIRRI T T, 33— AR R U R SE I I EUSE AR S, Ak
FOAh JURHERT 745 o A SCSEIA PR SCANAS 1Y | Bk e i D 35 B RS 0) B00 T B A
MR, 3T EER F-measure fiabr. AN H ATA HLH 755 S0 7E AL B 52X,
W& T AT DU — 2D ek, 5 R R R E AR B AT DO — bR . BRIbZAh, Y
AR AT 55 o A TUSR BRI 74, AFERIN T “— =7 WHE TR L
FAET BB R O G EE RIRD G R E SR, a5 P ERIRE %R, RN
RIS R/INECASE/N, - BRI e TE BRI, 17 i 2 D) B R TS B e e AN 5 5 s o
TERE SCF IR T, TR BN B 45 & B FEAR 78 2 R . BT
CycleGAN [HHMEIG | 5L CHID UG B, T & B AR T AT LA H, 4
i CycleGAN £ HIREA BAR O B A HEE RSP EAR I XU, {H2 CycleGAN Sk A
BT X B SE IR R SC LSO RS R RS, A DLW I A S AR e, AT PR )
TEREHE T 2R . R AERYUX AN W R, A R A TE LA B SR A KUk
FlEIES, A T2 R, B4R DME R INE S5 e Re it — 2 3Tt
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