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Research on force feedback calligraphy with multi-feature fusion

Zhang Huixin  Zhao Qirong  Xiong Min
(School of Big Data &. Software Engineering, Chongqing University, Chongqing 400000, China)

Abstract: Chinese calligraphy has a long and rich history, with hard-pen calligraphy bearing both artistic and practical
significance. To address the decline in hard-pen handwriting ability caused by the widespread use of electronic devices.
this paper proposes a multi-feature hard-pen calligraphy teaching mode based on force feedback, which integrates font
style., stroke order. and writing pressure. Specifically, a Dense-CycleGAN model based on contrastive learning is
developed to generate calligraphy font libraries in different styles. The stroke order of Chinese characters is
standardized using the Hungarian algorithm. Furthermore, a mapping model from stroke width to writing pressure is
constructed based on data collected via force feedback devices. Experimental results on five font styles show that the
proposed model achieves an average Structural Similarity Index Measure (SSIM) of 0.587 in character generation,
outperforming the traditional CycleGAN. The stroke order standardization yields a Dynamic Time Warping (DTW)
score of 0. 044 and an average cosine similarity of 0. 998, indicating high accuracy. In user evaluation experiments, the
writing guidance and teaching assistance received scores of 4.5/5 and 4.1/5, respectively, validating the practicality
and applicability of the proposed mode. This writing mode faithfully reproduces the hard-pen calligraphy process and
enables instruction that comprehensively considers font style, stroke order, and writing pressure, offering a novel
integrated strategy for calligraphy education.

Keywords: force feedback;human-computer interaction;hard-pen calligraphy; multi-features fusion
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Table 4 Evaluation of generated Chinese character
B CycleGAN A SCHRE R
RN . - Ny
SSIM MSE SSIM MSE
TR A 0.57211 20. 12 0.587 1  19.44
A S ERE  0.607 4 19. 08 0.6203  18.03
WIRTHE  0.617 6 18. 34 0.6356  17.96
g 0.503 2 23.65 0.5615  21.43
FEEAETH 0.4947 24. 02 0.5289  23.51
2) ZE NUAH AL BE VA1

AT HE— B UE T B A AR 9 Ak A st L
FETF B A E 15 % (dynamic time warping, DTW) 8 1k il
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Table 5 Results of stroke order standardization
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Table 6 Stroke order similarity evaluation
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Fig. 9 Performance of training set fitting results on test set
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Table 7 Evaluation of polynomial fit results

R? (16)

BT R DTW AL
T 0.042 32 0. 997 84
Tk 0. 035 41 0.998 21
A HE 0.036 51 0.998 71
Ji e - 0.062 99 0. 995 52
REA 0.043 98 0.998 14

Lt : Yl 4 : I AR
R* MSE R? MSE
—Wr £ 0.849 78 0.440 40 0.786 17 0. 487 23
T2 0.906 55 0.273 97 0.839 36 0.281 30
=W 0.943 34 0.166 11 0.872 13 0.177 78
PRy 253 0.959 59 0.118 48 0.888 23  0.169 97
TR ZW 0.977 14 0.067 03 0.904 50 0. 125 67
N2 0.984 50 0.04545 0.91085  0.092 79
LBr£ma 0.984 86 0.04539 0.911 10  0.088 70
N £2 W 0.984 91 0.045 23 0.91116  0.087 18

AT L, AN R XU T 7 26 L 1) 26 0k 3 310 A UL BE DTW
¥k 0. 044 242, B AU AE 0. 04 DL R, 38 F 0, &
AU B KR 0. 998 71, FLAIBRUEE ¥ 7E 0. 995 LU |, #43n
F 1, TEBH ML S B D07 2B A — 28 Y 2 65 1) JL T 4= 36
JEIERAAY 0] LATIE B BT 1A% S8 003 T 0k J2 T SR Y
2.3 ZEhEM

T S AE T AUA R A S RV B
LA 25 S AE I3 B L 0 AT R B A AR R Y
WG BB 9 TR,

fii P2 2280 R F1 MSE 38 34 48 4 26 50R B 52
Z IR . R® AT T LU AR TR R .

FR 4 3R BB 3 i, M 2 I B B B> 6 1L Yl R4k
AWK HE R R® A1 MSE 1928 fb a4 A8 13 2248, JF R AR
FEMRRIE. Rt A RAANHZH A RRIZRECE.
AT B ILAE AR

F =0.000 389 7z® —0.0132° 0. 168 2" — 1. 066z° +
3.445z" — 5. 741z + 6. 998 an

FEWRFE AL AR N A5 1 3 B 7 1) AB bR I, Teo 450 28 i
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VAR ERRA

2= 2o — L (Z o — T )W /@ (18)
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Fig. 10  Coordinate system of Geomagic Touch
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Fig. 11 Force feedback hard-pen calligraphy teaching
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