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PixCLIP : Multi-level Feature Fusion for Handwritten Chinese Character

Skeleton Extraction

LIANG Xiao-zhong , WANG Tao
(School of Computer,South China Normal University , Guangzhou 510631, China)

Abstract; To address the issues of incomplete extraction, distortion at stroke intersections, and stroke breakage in existing handwritten
Chinese character skeleton extraction algorithms, we propose a novel algorithm named PixCLIP, which leverages multi —level feature
fusion and multi—dimensional contextual information enhancement. It integrates the visual Transformer branch of the multi—-modal pre—
trained model CLIP ( Contrastive Language—Image Pre—training) with the Pix2Pix conditional generative adversarial network to perform
multi-level feature fusion,thereby enhancing the overall global contextual information extraction capability of the model. By applying
Visual Prompt Tuning ( VPT) to CLIP, the performance of CLIP on the skeleton extraction task is improved with only minimal
adjustment of additional parameters. Additionally,a Multi-Dimensional Feature Aggregation (MDFA) module is introduced to facilitate
the adaptive fusion of global features from CLIP with local features from Pix2Pix. The introduction of a multi-head attention mechanism
and Convolutional Block Attention Module (CBAM) further suppresses redundant information in the channel and spatial dimensions. A
dataset of handwritten Chinese character images was constructed based on an online handwritten Chinese character dataset for experimental
purposes. Experimental results demonstrate that compared with existing state —of —the —art skeleton extraction algorithms, the proposed
algorithm achieves smoother and more complete skeleton extraction in both test datasets and real handwritten Chinese character images.
On the test dataset,this model achieved F1 scores and Intersection over Union (IoU) values of 85.62% and 75.45% ,respectively.
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10 84.348 99. 358 92.920 91.187 73.555

20 85.628 99.406 93.494 91.903 75.456

30 85.193 99. 385 93.187 91.755 74.730

40 85.432 99. 398 93.324 91.883 75.153

50 84.741 99.373 93. 060 91.429 74.188

100 85. 164 99.388 93.328 91.651 74.754

A3 REBRBIRAFELSRMKE Lo
Bk F1/% Acc/ % Rec/% Prec/ % ToU/ % Il 4/ ms i/ ms

Mt Zs 55.784 98.405 77.829 77.205 39.087 - 126
NEPT 60.761 98.636 81.834 78.472 44.184 - 21.3
SSGAN 73.194 99.052 87.935 85.026 58.272 14.5 12.6
et Pix2Pix 83.075 99.405 92.367 90.548 72.091 84.2 55.4
SCrh Rk 85.628 99.406 93.494 91.903 75.456 85.4 59.8

3 XL T SCHR[ 4 ] WG ZS B SCER[2 ]y
NFPT 5.3k SCHR[ 13 ] A9 SSGAN 5k SCHR[ 10 ] AY L
#E Pix2Pix Bk SO EETE S MR E A PERE &
P E) T 6 (5K R - Y b B [)) |, dE ik 5 A
{4 SR IR R T S O 1 b 2R AT b, mT L
F i, BRI R]E #E A H B et i B AR R U
TSR AR SO A AR AR b A 2% WS AR A
BIRIH BRI,

W 6 frs 5 T AN R EETE A A Ay
HHPRBGEOR . WNABIA IR A& RTF S IFEAE
HbrE 2L ER Mk ZS 575  NFPT 551k | SSGAN #
2 WU Pix2Pix B SCHH AR TR ICE AR

8

S

&
#
A
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&

A6

Rk R R X 4 b eh
HRRER

WE 7 s 6 TR [FE A B FH R
B R ARG . 2B R R BT 5 I
E% Ptk ZS B vE NFPT 1% SSGAN #3k  ih ik
Pix2Pix Bk SCH A TR EUE AL RIS,

}\a
i
o
74

1

H7 RAEAFFEAEFEXFEBE LY
BRI R

H 6 & 7 AT LLE 1, SChREZ AL BE T 4, X
HRFENFEEGS BT BN FRIG I RE SR IUH
T | SER BB, AT MR F 5 U R b S
¥y, T AR AR AR 5 2 0 B SR X R | 3 S
7 S ] L
2.5 HEXI

%4 W ARSI R T CLIP 5% 4 5 % vh 18]
JERFE 5 A R A A B B REAE R 1 A TS A, B AE
5 UF R AIE Al SR WS 19 AT R0k

S5 IR M A — e — R RRAE P B 45
ATEFTE PEM e br BRI, A AR R
HIVERE W 1 R | K B CLIP BIZ 4 15 %5 45 1E % T
Pix2Pix HELL H (i FRAF S BUA SBAE

RS AT S AL BR CBAM (bR ok ¢ -
CBAM”) Fl1Z:[% MHA (4528 “ ~-MHA” ) B8 Jif Ji5 A58




.28 - HEPLH AR &R

LURRE

BAZEREAS I RE T b b A0 22 5 IEW] T 3 A5
A, LA AR AR, 5] A CBAM #Il MHA ik
AE .25 4 A A B ARV BE O EL 2 7 () Il P
PERERE £ e K

£ CLIP PR 4t 1 24 J2 5t ARAE rh | 75 235
F4 RN THRALRN G . R 6 R T ARZRIEHERITE
RESEFRXS L

k4 B —SFIES Rk AR AER PEAE LA

Fope Foip F1/% Acc/ % Rec/ % Prec/ % TIoU/ %

vV 83.196 99.315 92. 485 90.477 71.867

v 60. 804 98.476 81.495 78.811 44.376

v v 85.628 99.406 93.494 91.903 75.456

%5 CBAM #F= MHA 3 3t A2 2 M 46 3 v 64 )22
[ 28 L+ F1/% Acc/ % Rec/ % Prec/ % ToU/ %
A 85.628 99. 406 93.494 91.903 75.456
-CBAM 84.551 99.363 93.042 91.258 73.742
~MHA 84.629 99.364 92.843 91.526 74.041
~CBAM-MHA 84.079 99.342 92.773 91.064 73.090
4.6 CLIP B4§ % # 3% R F) & Rt 2tk
=3 F1/% Acc/ % Rec/% Prec/ % ToU/%

E, E, ,E, E, 83.956 99.345 92.648 91.104 73.133
E\ E, E; E, 84.203 99.348 92.846 91.107 73.254
By Ey Eyy B, 84.708 99.365 92.959 91.498 74.016

E\ ,E, Eqy Ey, 84.896 99.374 93.120 91.548 74.328
E¢,Ep Eg ,Eqy 85.628 99.406 93.494 91.903 75.456

TR s, 2 ] CLIP 5 4 6 2 7Y
HRJZ | E] 2 SR R IR AT R A Rl 5 I R ) P i
FEARE AR T, BRI B0 Rl 5 00 55 0P i ) 48 £
R FOX eV RESR AR IR T Rl il )= 5
TRIZRHIE . I HESBERR ) 2 /2 ORI il i, B2
BAEFHE)Z P2 FIRZ R, R RE A B T e
ORI T 22 J2 U I il 15 7 1 53R A5 TR 6 J) ¥ 200 3 4
A AR b SCHRAR RE 0 2 (R ERAIL 1A S B R A
IS, DA TTT S 25 4 T B AR B R P BE

3 S&RIE

ZSCHE AL DU B JR R B0 R 22 AR T Zpst
A CLIP 5 Pix2Pix 5 AE X B4 A & B2 ) T
—FPEE T Z R RAERG 5 2 4R T SUE B sR
PixCLIP T 5 M F g B WA i, A RE & T
Transformer 4RI EHE I AT CNN J& 3R 41 2 B 40
W Z )RR AT R JF S I TR L, 1Y
ST AR R SR IR T o $R T Yk R RRIE R A A
He(MDFA) , 58T CLIP EIE g i 2% (1) b 8] R¢ AiE 5
Pix2Pix MY 4mbSHRHIE 2 0] 1) 22 4 B FRAE Rl & i HIAL
BTN GOR AR 2 — AP K CLIP B R 7 15 4R 4R AT
SR RE . A K A H S RS R T %

Tk AT S | REAS AT S0k DR BRAT T 95 AE 4R U RS
PR B ZE S MR A B B DX Il 2 45 TR] R, 3 od A
LPF B FEUR AT e S2 86, 207 2 B T R4
MRz ALRE ST, AT LIS U A RDE 28 F 5 307 R E 28
TEAR B it — 2097 e SO B 4 LIk Az AL g ) 3
SiE R
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