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Recognition of Oracle Radical based on the Capsule network

LU Xuzheng, CAI Hengjin, LIN Li
(School of Computer Science, Wuhan University, Wuhan 430072, China)

Abstract: As the earliest shaped character system in China, the inscriptions on bones or tortoise shells of the Shang
Dynasty (c. 16th—11th century BC) have important cultural and academic values. The research on the constructional ele-
ment, i.e., Oracle Radical, and configuration system of the inscriptions on bones or tortoise shells of the Shang Dynasty
is a vital direction to identify the unrecognized Oracle Graphics. However, the marking of Radicals can only be done by
experienced experts; moreover, it will take a considerable amount of time and effort. To solve these problems, we pro-
posed a model, i.e., OracleNet, based on the Capsule network and transfer learning, which can automatically identify the
Oracle Radical contained in a graphic. At the same time, we built a labeled Oracle Graphics dataset and a labeled Radic-
als dataset, which were used for training and evaluating the model. The experiment showed that the OracleNet had more
than 60% precision for recognizing Radicals in a graphic and the Top 5 precision reached 71.56%, which verified valid-
ity of the model.

Keywords: inscriptions on bones or tortoise shells of the Shang Dynasty; Oracle Radical recognition; convolutional neural

networks; Capsule network; dynamic routing algorithm; transfer learning; multi-target recognition; image recognition;
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KBB4 S ET F & OracleNet [ 5 BUBRLER,
It HUORSS H s 240 it FTH 5 SO 80 4 %
Capsule RN H A BT %5 .
3.3 {#H OracleNet il FH & 3 F # H B+ 44

15 F I 25 5¢ B OracleNet T B 4 SC 5T
H AL S A

BB SCFIE B R Hom A C U 2Ry, 15
#| Capsule %y tH 2 W T ) f 2 o 8BS 2
XoF IO ) ST ) i A, A5 30 4 28 i) e 0 A
KI5 HIM R g SO IE T B A, R
meE 7 Wi .
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Fig. 7 Process of oracle radical recognition
AR S i P AR 7 ok X Bl SO IR RS Y
PR R AT F W, A B i 28 A TN A 7 571 3
1) N2 {5 B« 8 RCTU 0 AR R b B e
n A AR ST AL 151 3% 5

D) FEEGEE . HEEEERMEa, 0%<a<
100% . & BT A T R K T a 59238 51 A8 Bl fit
8450 3%

4.1 HIETALE

ST B SO IR IR B R IO N 2, HA
SR AS B B A, AR S i BCHe 1 55 (data au-
gmentation) J7 ¥, XU AA KR #EAT RS L SEAS
S | AR SFEREAL TP, AL OB REAS, AT 7
IR BE A

B FE I BB AR EAT 19— AR AL 2R, i
AiZE (0, 1) X[], 4208 4:1 A9 He B E 15 I g g -
DX AESF 0, [) I X A A A 2 R 47 2 #4445 (One-
Hot Encoding),

P B SR 1 1 it s B 4R 6 5 148 2R A 1,
3108 989 sKAEAIE Ao 7L Rl E A AN A Y
P SR ROT AT RO 1S 5, e S T 3 A
F4 R SR P 808 4R S 7390 Radical-2000-28
Radical-10000-56 1 Radical-10000-224, {115 3
fi 7o

x3 ZETLENRIXEERIES

Table 3 Preprocessed oracle radical dataset

Radical-2000-28 Radical-10000-56 Radical-10000-224 Oracle-224
ILREREALL 236 800 1 184 000 1 184 000 -
TEEREALL 59 200 296 000 296 000 -
AR AL - - 92 160
Bl R 28x28 56%56 224x224 224x224

Hirf Oracle-224 & B 18 5 I 4 bR 12 i B B SC
FIE, A B SO AR Y e 2 4R e
b TR AR v R R I — b Rk R g A B
4.2 iJll%k OracleNet
42.1 K FiEHB%F I 4 OracleNet 7 %

OracleNet i F H & I*’Jﬁﬁ%ﬁﬁ% AT %5 o
A SLHF TensorFlow F 5 #47 OracleNet [ 1L
TSI BR, S04 45 WU NVIDIA GeForce GTX 1080Tis

A SR AT 2 2 1) )7 LR Il 25k OracleN-
et PG TR, BARIIZALIRINT

1) {#i i Radical-10000-224 %5 4 4 %} £ 7F Im-
ageNET 2 ¥g4E [ fii il 2533 iY) InceptionV3 . Res-

Net50 Fil Xception ¥ A 47 Fine-tuning Il 4% .

2) i FH R S0 7R U1 25 %8 Radical-2000-28
Radical-10000-56 , Radical-10000-224 %5 %454, %
OracleNet /i Capsule #5 5 Fl 5 #4452 He 1711 %5 o
YRR 20 4~ epoch(YI 25 JE 1), % ) Rix &
“40.001, %5 2 000 U N Z H Y 96%.

BLAh, VB XS IR, A SCE AN LB 5 T —A>
L2 A A (baseline model), H:>K A Hinton #2 1 AY
CapsNet 2244, 107 2 J2EHZ 1 2 )2 Capsule )2,
I 3 B A B A EA R,

OracleNet 7F H & SCH 4 Il 25 4 1 I 2R &6
Wk 4 s,
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Table 4 Validation accuracy of OracleNet training

PIERS Y Topl ERIZ/% Top5HERTZE/%
2000-28 LA AAY 65.59 7132
10000-56 InceptionV3iL#% 76.86 83.53
10000-56 ResNet5017%% 77.42 84.61
10000-56 ~ XceptioniTF% 79.67 87.26

AN 25 ) 355 T 45 SR A .-

1) A2 2l SR A 4 TH 2 B 0 1Y, AR T
BIRIBE T T 10% DL A sERA 3, R o HOK 7R
ImageNET %4 J I O 282415 19 UG AR 2 2
THE SRS R, W RO B T
TR BRI [A] 5

2)Xception 224 . F InceptionV3 Fl Res-
Net50 4244, 33X /2 K8 B X% G2 1Y) Inception 3k
AT TR, IF BT Z5B1F ResNet %18 45

Wit )2, ELA AR AR AR S e
422 AR GRA

A T AL AR A (model ensemble) 195
AR TR S P, B DL PR O TR AT
A

1) EIN it B, R R S 80T &4 s
Y T 45 5 (=R HEAT A SRl 5

2) FEFEAT T B, MR T R BE AL AR 5
B AR KN RN E R R, IR X s A
) T 25 SR A TR o

UEAR, SR AE T B 2 e R, A E R
TR 25 09 7 s i AT A 30 A 2 /N 22, il 7
NARE 238 A R A1 28 15 B AT, R (RS At B
Ko BTLL, B % 8 B AE B EL G 7 Uk
B0 DA T 7 A A ) 000 45 S e BARE R A
FIAE, VE A2 200 ) T00I0 A 23, I e 4 A i
IS

fift AR 5 A 45 SR N 5 iR .

x5 HEEBEER OracleNet IIFEAEHE

Table 5 Validation accuracy of OracleNet with ensemble

PlIEERS s Top 1 HEHI /% TopSHERHH/%
2000-28 FRER I 65.59 71.32
10000-56 XceptioniT#% 79.67 87.26
10000-56 XceptioniT #+SHLRLF A 80.24 87.72
10000-56 Xceptioni T+ 1 0B A & 80.90 88.88
10000-224 Xceptioni T+ 1 0B A @& 82.71 90.32

Al LIE A B, BOAE Aok T 1% DL bk
(4 /N R B T, 3K A2 A1 Ay B o o AR i 4 SR 1)
%, R R E AR TR, ARES
BT AR TN ) 25 R, X TR AR Ak i 2R
], AR TR A 2 e I OGT IE  ARE SR TR T R R 43
BEARIHR — SR 2R L, BEAY A 2O B LR A 1 )
S A SOASOE ) o S B R A, AR TR
USRI 45 SR v 0 A R, PR TSR I Y AR
M

A1, i ] Radical-10000-224 %5 45 £ 7] L) 35
PR = R HERA 2, PR oA BE 4R g sk 18 7 B
1% % J& Radical-10000-56 [ 16 fi5, fl & THZ K
EURAE B, o A A T >R 1T 88 4 /9 1F ) 4k
e
423 | % aiE Ak

AN [V TR g I R[]0 B a2 6 BT .

= 6 HEEIGES E R OracleNet I iF & R R
Table 6 Training time of OracleNet

PllEReS R YRt ] /h
2000-28 LAY 0.5
10000-56 InceptionV3iT# 5
10000-56 ResNet50i T 5
10000-56 Xceptionit#% 5
10000-56 XceptioniE A +SHE AU El & 25
10000-56 XceptioniE 5+ 10F 1Y g & 50

10000-224  XceptioniTF+1015 Tl & 140

AT LAF B, B OROR ST 4 IR AT DL ok B
G YN ZRRIOCR 3K R O B i 9 0 PR T
ZHRHAEAE R, W o A AR B R T T A 14 1R )
RCR o RAREL LA 1 7 SRR T TR R &
BRI R T TR A E T .

(R, RRSH MR B Fil 5 9 A 2 53 1 (]
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A A, i e RRSHIINZRSE T L Xceeption i
T 10 ARG ) RITE A ] T 140 he
43 BREXHEEHIRZ]

i 1 2R AR ] i B B SO IR B 4R Or-
acle-224 %} OracleNet gE47 MR PEAY o

i SCRA A 1) 2 L T8 (4 22 93 24T 55, i
K56 BE (Precision) XJ T 25 S 47 PF Ak, 5

7 §1 ;. TruePositive “& E. 1F {4 ; FalsePositive A 1} 1E
i, geitid @, X T EEHE CF IR
A%, 5 FE S R bR 48 22— Hh IR T0I A 14 51 2%
rh, BIOA S iZ00n 28 1 s F50I, ) Sk AR A, A5 )
W2 bn 28 F R A

FBIRITE Oracle-224 WX 42 b i) 000 25 2R 4n
ETIR,

.. TruePositive R HIL 3 S 43 % JE B (5 T 50% it 2%
Precision = — — 4) X —
TruePositive + FalsePositive INE 8 s o
% 7 OracleNet 7£ Oracle-224 MK & F ISR E
Table 7 Precision on Oracle-224 oracle graphic test set
. - F IS EFRES0%IY AEEEGERTop2  AHEEEE N Tops
UAEYRCS M
FEH0 /% KERAE /% KEHAE /%
Radical-2000-28 FLLEAR A (baseline ) 44.76 51.26 56.02
Radical-10000-56 XceptioniT#% 53.23 63.06 68.14
Radical-10000-56  XceptioniT o+ RIG & 58.92 63.77 69.61
Radical-10000-56  XceptioniTF5+10#RIG & 61.51 63.35 69.94
Radical-10000-224  XceptioniTH%-+ 108 £ & 62.39 65.82 71.56

x8 EEEBEREE S0% KN LERTH6

Table 8 Prediction results considering a confidence level of 50%

FIERG FIE FLSA bR TIIAL R 2 TAL) {4 5
109 [1, 8] [0,1,8,65]
158 ,’ﬂ [1, 60] [1,59, 60, 133] A\ A m ‘
542 “ [2,9] [9, 78]
793 [25] [25, 117, 80]
1041 (3, 42] [37]

Z B B ok B A b S, T AR L Cap-
sule P& “ B 1E "IN i A 5208 v A7 78 1 R0 1 2
AL EREA NN X, TULES, 58
S5 G RN TR R, A G OGS B IR0 R 5 B
&, MFIREN G A20T, P 200 i BE AR 25 9%
%, &5 Hofn il 1A F0 0 2 5] 22 A T 45

Heo BeHh, % IR A R LT AR Rl T
S, UNSR EAREAT OV YRl 2 4 AR A R R
R EAG LR, RIAE 2 IR SCBROTH B & s
Tk, 2 ER I e SR R 5 R A B R

BE AL % B 73 A 75 I8 AR BE B9 Top2 AL
ZERME 9 iR,
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Table 9 Top2 prediction results without considering a con-

fidence level

FIBRG| T HIMARZE BN PEhR 2 B A

75 m [0, 1] [0, 1]
167 2, 8] 8, 19]
337 E [0, 5] [5, 64]
900 [8,28,60]  [60,111]
1041 [0, 37] [0, 37]

A LUE B, AN a5 B, 238 il B A 4
MR e B TN 2851, B BT A A SR AR AR AR
AIE LT AT DAFEAT T o X A 7 SO S % 1
PR SR 2 2% 1) Y S A R A A A 5 11U g
BRI IEEGFERE S (AR, HEi g
BB IUAR M, THAATHE— L0 TAE, W
Top5 TN A AR T 32 e v, ELA L0000 1) 2 1) £
IE 2 T HLS AR i 2R R, AHOC TARE B 7
AT Y 5 A2 5] b PR T N T

AR, 5 W A A B A0 B 1 A A 4 1Y
EIJE, 3k 10 Fiw

R0 BHGFEALXRNEHE

Table 10 Radicals with inclusive relations

Kol R ARG HPFE R

4 [65, 133, 134]
“
143 m [98, 133, 134, 144]

[59, 133]

XL 5 AR 2 AR AR IR IE, TR Cap-
sule [ 26 75 FE 4T TN Fsf Py eF 107 254440 28 A8 3830 1)
R AT W, I e G E ) BT A
Fo AR — D PFAFAE AL K AR, Capsule [ 45 A]
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