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Fig. 1 Example of oracle bone drills forms
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Fig.2 Schematic diagram of main modules
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Tab. 1 Segmentation results of the proposed method and other segmentation methods

Methods Pub.Year Dice ToU Se Acc HD95
ACSNet!1?) 2020 0.770 4 0.638 1 0.785 6 0.977 3 23.206 6
CaraNet!'3] 2021 0.808 8 0.685 4 0.815 5 0.978 8 17.253 8

DuATL 2022 0.809 9 0.685 5 0.773 1 0.978 1 15.683 8

Polyp-PVTH9] 2021 0.799 7 0.671 1 0.775 4 0.977 4 18.455 4
SegNetl!1] 2017 0.629 0 0.472 8 0.527 4 0.967 1 28.205 0
TransFuse 1! 2021 0.755 4 0.612 2 0.828 4 0.971 4 10.697 6
U-Netl® 2015 0.752 3 0.614 0 0.672 4 0.977 2 21.998 6
U-Net+ 20 2017 0.707 7 0.562 2 0.616 5 0.973 0 22.107 9
Gea-pvt-net!”) 2024 0.790 6 0.680 7 0.742 2 0.949 3 17.335 6

Ours 2026 0.847 2 0.737 3 0.873 8 0.982 0 9.092 9
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UE T & A5 7 1 A R A FE 888 i1 P B AR A v & A H 09 3 b S 39 45 SR AN 3R 2 R, Horp FE QSR FRAE 4
Bt FE_C 1 FE_D,FCOM QR HHE 32 B A B, FEFDM X 2 F5AiF gl A i i A b FE_C A1 FE_D BB i 7
Al 45 AN 3 MR 4 fin P FE_C, G=1,2,3) /8% FE_C Bl 3 A ARFEBFZ,C R EEZERH
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Tab. 2 Ablation experimental results on the oracle bone drill dataset proposed in this paper

Order Methods Dice/ % IoU/ % Se/ % Ace/ % HD
a Baseline(PVTv2) 79.97 67.11 77.54 97.74 18.455 4
b Bascline+FE 81.84 69.71 86.86 97.92 15.334 7
¢ Baseline+FFDM 82.73 70.98 86.51 97.96 13.720 1
d Baseline+FCOM 82.84 71.03 84,71 98.09 14.278 9
e Baseline+ FE+FFDM 83.06 72.13 84.29 98.10 14.587 5
{ Baseline+ FE+FCOM 83.01 71.52 86.17 98.00 14.829 6
g Baseline+ FFDM+ FCOM 82.52 70.56 85.96 97.98 15.255 3
h Ours 84.72 73.73 87.38 98.20 9.092 9

FE B84 %00 . FEC-PVT SRR ] FE_C il FE_D 8343 31 F 3% J2 RRAE = SRR AE DA 3R AT
AT 82 TH 0 H0RT L 00 240 15 5 AR R 2 SRy e AL, 08 Jim 2 B i 6 R A SR B TN R s A (5 B 2 R a R0 b Y
SERX L R LA i b FE g ar DL 4 T4 8 70 51 B89 Dice M ToU 48 45 . [A] 2 48 T 1 20 %) ) 14 5
P g A1 h S5 SR 0T LUK B FE BB A4 i /b 25 53 2070 F 89 Dice $8 45 A1 ToU 45 b5 7030 & A 2.20 20 F13.23 %6 5
[l HD E 0 1 6.162 4. L, i J FE R AT 4 BCHE 0 58 70 1 240715 FpAE 42 s R 0 38 B 23 50 1R L 42
THor 4 1 RE.
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Tab. 3 Ablation of FE_C modules on an oracle bone drill and chisel dataset

Methods

Convolutional layer
Order FE C Dice/ % ToU/ % HD

parameter settings

FE_C, FE_C. FE_Cs
a Ci:(3X3) %2 N N N 83.13 71.54 14.247 3
Cy:3X3+3+3
Cy:3+3+3
b C1:3X34+5 N N N 83.62 72.09 9.011 6
Cy:3X3+7+7
Cy:3+D5+D5
c Cp:(3X3)X2 N N N 83.16 71.63 14.024 5
Cy:3X3+5+5
Cy:3+7+7
d Cr:(3X3)X2 N X X 81.71 69.74 19.359 8
e Cr:34+5+7 N N X 82.39 70.53 16.921 8
{ Cs:3+5+D5 N NG N/ 84.72 73.73 9.092 9
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Tab. 4 Ablation of FE_D modules on an oracle bone drill and chisel dataset

Methods

Convolutional layer
Order FE_D Dice/ % IoU/% HD

parameter settings

FE_D, FE_D.
a D :D; N N 82.39 70.47 15.720 2
D :Ds
b Di:D; NG NG 83.26 71.59 10.033 5
Dy : D, + Dy

c D;:Dsy+Ds N/ N 83.18 71.56 14.401 3
Ds :Ds+Ds +D;

d D :D: 4Dy < X 80.80 68.40 18.982 9
Dy :D;+ Dy +D;

e X Ni 82.47 70.57 14.187 2

f N N/ 84.72 73.73 9.092 9
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FEC-PVT: An oracle bone drilling image segmentation network based on PVT architecture

Liu Guoqi*”, Li Wenge*", Ru Linyuan“", Song Liming®", Liu Jie*", Han Yanbiao"*

(a. College of Computer and Information Engineering; b. Oracle Intelligent Computing Laboratory;

c. College of History and Culture, Henan Normal University, Xinxiang 453007, China)

Abstract: Due to long-term burial in the ground and weathering and corrosion, the oracle bone fragment is damaged and
the boundary of the oracle bone drill is blurred and difficult to distinguish, which brings great challenges to the division of the
oracle bone drill and chisel. This study systematically collects and annotates oracle bone drill and chisel images from oracle bone
databases and cataloged books. Based on this dataset. this paper proposes a feature extraction and connection pyramid vision
transformer(FEC-PVT) with Transformer as encoder. FEC-PVT uses FE_C and FE_D modules to supplement low-level and
high-level features, respectively, to obtain detailed and global features. Secondly, the FCOM module uses cross-attention to al-
low different layer features to interact and obtain effective details. Finally, the FFDM module decodes layer by layer and in-
tegrates multi-level features to improve the decoding accuracy and avoid feature loss. Experimental verification shows that the
FEC-PVT proposed in this paper outperforms other methods. Compared with the suboptimal DuAT method., its IoU increases
by 5.18%.

Keywords: image segmentation; oracle bone drilling; pyramid vision transformer; convolutional neural networks
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Fig.S1 FEC-PVT network architecture
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Fig.S2 Visualization of segmentation results



