W46 % WS 2/ M Fx % W Vol. 46 No. 5
2025 45 H Chinese Journal of Scientific Instrument May 2025

DOLI: 10. 19650/]j. cnki. ¢jsi. J2513658

A5 450 50 ) 50 2 1A B 4 15 i S T R A T

Riﬁkﬂﬂgl'z’3,T él,z’é%é-l,z’ﬂ 43%1,2,3’7,:};;5%3,4
(LR B LREKEE MR mat 210044 ; 2. {LAE RS L BN TR L mMal 210044,
3VLIVE RS S AR RIGIE DO B 210044 4. KR RFANES R % 5 TR el 210096)

B AR SR E il BRI AR | AR AR T R AU AT A fih i LS R, AT ROWTSE R AL S i ) B
BRI R T BE B AT A, (FLI Ty e P R s O R R AN S R i BB . O T B A R I SO R, O
PP P05 K 020 TS L N 85 2 1] P BB ) 2 S BE A5 ) AR RIS AR 1 T D WL B4 S 05 — A g S AR ST T — o B
Ui ) SCRR EE A OO R (TRPM) 25 B AT — B [ B8 458 3 a5 ™ s 445 S D A, BE A6 w0 A 2 Ml A Jl S if B 452
{575 FFAE DX B DA BRI Ji B R B iz AR . AR 1 — P B SEm R AR AR5 8 (1 1 ) 55 0 3l 2 ) D) RE A fik ot
B, il 5 Touch WA HATAGARE S 70 D E LS L EEE , T 5 SENS3 odls e — [F) ] T XA AT I 2%, ik
—LEIERI Iz AL RE ST, BEGHIAAE P O SO EA T T PERETEAL SE 80 . 45 SRR BRI RENS iy e T e K U SO ) B 45
JEPE (I RR2E R 0. 025 7) , IF BEA RO K 4 2 S SOMEAT b e AR, R, SO PR RS BR E T A5 2 AU SO
BESEAR 5 i A 45 280 IR 17 3 WUH] P ARG S0, SEUR s SRR T 312 1 ) 7 VR RS 1 214 e i ) SRR AR DL
73 (6.25) BB g JH P SR SN S 4 M P S0 HE A AR

REEIA ;b ol SO BESE BL SIEAR B TR A2 ) 5 U e S 5%

HRESZES: TH7 TP391 XEARIAE: A ERRAEFHSENRE: 520.60

Research on data-driven texture friction modeling and tactile rendering method

Chen Dapeng"** Ding Yi"?,Lou Juncheng"?,Liu Jia"*” Song Aiguo’*

(1. School of Automation , Nanjing University of Information Science & Technology, Nanjing 210044, China; 2. Jiangsu Province
Engineering Research Center of Intelligent Meteorological Exploration Robot ( C-IMER) , Nanjing 210044 ,China ;
3. Jiangsu Collaborative Innovation Center of Atmospheric Environment and Equipment Technology ( CICAEET) ,
Nanjing 210044, China; 4. School of Instrument Science and Engineering, Southeast University , Nanjing 210096, China)

Abstract: As an important haptic perception dimension of texture, the friction feature has a significant impact on the haptic realism of
virtual textures. Previous studies utilize traditional physical friction models to model surface friction. However, such methods are often
accompanied by high computational complexity and cumbersome parameter setting. To avoid complex texture modeling processes and
predict real-time sliding friction that needs to be fed back to the user when interacting with virtual textures, this study establishes an end-
to-end texture friction prediction model (TFPM) based on an encoder-decoder that integrates attention mechanisms. This model takes
friction data from the previous period and the user’s action information as inputs, which can generate real-time friction signals with high
accuracy. It shows a strong generalization effect when dealing with common textures. Subsequently, a haptic device with the function of
real-time collection of operation information ( pressing pressure and sliding speed) is developed. By combining with the Touch device,
data was collected when interacting with 70 real textures, and it was used in conjunction with the SENS3 database to train the model. In
order to further verify the generalization ability of the model, a performance evaluation experiment is carried out for the texture samples in

the test set. The results show that the model can render the frictional properties of virtual textures with high quality (root mean square
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error is 0. 025 7) , and can effectively model the tactile textures outside the database. Finally, the optimal gain parameters of various

virtual texture friction signals are determined through psychophysical experiments. Based on this, three user experience experiments are

carried out. The experimental results show that the proposed method achieves the highest perceived average similarity score currently

(6.25), which can bring users a more realistic virtual texture interaction experience.

Keywords : haptic texture modeling; friction display; action information; deep learning; haptic feedback
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Fig.5 The comparison of original and generated friction signals
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Gain values calculated from real and replay

signal data
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