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Abstract: In recent years, tool-medicated haptic feedback for virtual surface textures has become a hot topic in the field of haptics. In
view of the problems of narrow application range, weak generalization ability and low interactive realism of the existing haptic texture
rendering methods, a new texture haptic rendering model is constructed in this paper based on the improved MelGAN. This model takes
texture image and real-time user action information as inputs, which can generate vibrotactile signals with high fidelity and has better
generalization ability for common texture images. Furthermore, this paper designs a pen-type device with real-time action data acquisition
and vibrotactile expression. After collecting vibrotactile signals from real texture surfaces outside the database, this paper compared the
performance differences between the proposed model and existing methods in signal generation. The results indicate that the model in this
paper achieved the lowest root mean square error (0.173), verifying its ability to perform haptic rendering on unmodeled textures.
Finally, this paper conducted two user experiments using a pen-type device. A subjective similarity score of 6. 01 on average indicates
that even for new textures outside of the database, our model can provide users with a high level of texture interaction realism.

Keywords : texture haptic rendering; deep learning; action information; pen-based interaction; vibrotactile feedback

Wk H11.2023-09-20  Received Date: 2023-09-20
# FESITHE B R A AR 4 (62003169) VLI A H AR BL 2% 3 4 75 4F £ 4 (BK20200823 ) | V175 7= b i A 5 & B 4% .00 B AR 3 40 101 H
(BE2020006-2) VL7524 W58 AL RBHIF5 52 BRATHT TR B (SICX22_0348, KYCX22_1202,SJCX22_0351) % B



146 f# £ ¥

a5k

0 3l

T

R A 0 T3 3 A7 A 17— b JEL A 00— fh o L o iR
PEARRAED | SO N X 43 R R A A ke 3 o
FIROFER T SCHRE R fik i % A R T B A 4 R R
i R BEREAECY ) HCoRURE R SO 5 Y B R
P2 —, HESWOR Z8OC T LU A O B B 0T 55 e
SEEEN L Y PRI T (— R R ET ) RS
PR HE S, J v 55 2 T =22 [A) ) B 22 .77 LB 1Y e AT
ozt T B AR T 2 B R IF B0 B2 Ik v 59 LR 32
T R Sk X B A5 5 (0 e 4 G B 2T O S
FEOE B Ml E IR ) 3B T B S B R IR 3 B 45
FHRAET ST OB B A9 Az LA A
W, — e O AR R T i ) S R B fis v S 1
Bl NS UL OB FEE 1 7 30 3 S 0 R A S0 2
HEAT fike i A 5 T G A T RE S AR P 5 LR A s
B, BEE T A S BUYIRL TN E
SRR

R GExT BRSO AT ) filve AR B pF R i T
GEiTik R MR AR 7 POk SR I SCHARRAE Y T
SRR R AT A 3 o ) M i B 4ok 3k, Tian 251
K FH IR s 42708 43 R A ik L PRI 00 45 7 RN SO BRARRAIE , T
X P RS L 3 00 R AT AR R . SR, K L Ak
BT MR SRS RO v 52 3 EHR 1 o i AU 2
PRz, HAE 5 B AR TR A

I A2 G 1 A S0 3L i 5 2 A5y ok A A K Bl
YT AL IR L T LT 0 f AR R A
b R IR S Ry 7 BT RE AR b DR AR B A L LS
P D B 1 i £ P fh o P B4 SRR B ) e
T Rt 9K B0 % 3 sk R 5 D e S A A A, )
Pl ik 5 390 80 B 32 HOMH 28 LY ik e R 2,
Kuchenbecker FTBA"7 ¢ I fif FH 220 19000 4 5 3 B 1
[ AR Y 45 53 ok S 7 SO ik v A AR, O AE H P 5 R U
SUIRAE B IR Bl el B g A e L SOz i —
RS T THA RS 55 ™= A i 2888 15
fo S MR ARy ve AP s a1 X — 25 X T
FEPLSCHUR AN T fib v a2 B B HAA BRI
4N, Kuchenbecker B 38 IF % T4 &4 100 MREAH)
Penn Haptic S PRECYE E (HaTT) | FHT 55 Bl fh o 4008 19 AFF
FEN G BRI TR 7] ) SOB BRI Yo vk, Bl
AT — LT A BRI B Sh SR B TT & LR T SO A o
A S YL SR, T Sk AR S B A S
RBERY | B3R 5 s LA B 40 P =2 A oA S ABE ) i 0 L
v iE g wioz A ae )1 32 BIBR ]

Bl TR B o S BER B R R, — e 53 AE 1 37 A SO

Bl PEER AL [ O 200 15 B 25 2 U BT I 2% ( generative
adversarial networks, GAN) "' i F T %40 9K 2 (1) S0 2R fi
WA Z ST R S N IR SO R B REAE DL K
BT B P R I Y A 5 R R Z TR G R TR AR 1
K Z B E A PR 22 A 8T 20 38 2 Ak T Bz ) il i {5
Cai %7 HapTex ZUYI R P2 LI 2R T ) T R 45 R 4K
A U A5 A A OO BT I 8 A5 Y S R A i e B RS
LAY SRS O 14 fih 2 433 , R H Hhy Griffin-Lim 557 6 46
FREN— U554 WU E S35t . A Song Y i T
FAUMMBESE . Li 52 R LMT i 2212 7 — Bt 5]
Uift) GAN, HAETHBR Griffin-Lim 395 76 5% f0A5 5 14 ok
A 22, LA BT R 1 AR B B O iz AL RE
ISR )R (A AE FUE SR 3Z 29 SR Sl A 2 A X
REANSCIRIEAT 1 fh 5 Y87 % | IR 25 A HL I P 1Y) S
VRS R (AN sh B B AL ) . AT R, T
BA SISO 5 P A R S5 5, O B2 RSN
132 380 T HL A v A1 S0 3SR 1T JL AT AR5 B 52 ) 3 5 R0
SRR M EHE R R B IIMCT . Bk, A% R H 8
VA A ok B T8 % 075 10 O S0 F 0 ) LS

AT, — 28T AR 2% ] I &5 5 S0 B EAROR T - i 3
VEAR BXTSCHEAT Rl s A, R TR B RS A 2
Tl B PG A R 0g L F) Sl VA7 S5 R 2l Jon 3 8 £ B A
PIECEE (0 HaTT) EIZR—DERG BRI 4 2] $odie
JE AN [) SR 2 0] ) DRI G 2R 1Bk 45 A L T A4 G ) fh
W SN SO RRE AR G, 3652 3 ) P PR S ey
JI TN B4 3 R RE B0 [R] P, 322A5 TR nT UK B SR
SRR PR R C A SORAR DGR, DT XS 2R A 1Y 7 S0
PEAT e TE gy PR IR T B R D T P SR R LS
SR i St SR DR X R SO ELA A v AL RE
Heravi % 81T —Fh 24 2 19 S/ S (AR S 75
P FEI5 1Y HaTT Ba e E A7l 45, RS LU i 55
I EIVE(S B RIS B GelSight 144 R A, 18 1 2 1 2%
TR — o 22048 2y Jon o 1% 8 AR L I A A | ) TR
# Griffin-Lim S35 3815 —4EM RSN 5 5. R0, izl
TEN ] 5 B0 A% et FHHT R4 HaTT $idf 4 rh 93 Fif
ELSIBHIY GelSight GO X 848 AT 78, B A K
KREYTAER, WAL BRI BEXT GelSight KR AT fih
VA TAE S PR g B, Mg L S08E LA RGB IR 1Y
JE B P, 3 (0 15 450 A 1) 3 19 1 52 31— 2 1Y
Pt

T BT B F W, RGBS KI5 HA7 BL5E
SRR o 5 R A SR ) — bRl G SO RGB MR
FSE SRR A SRR A v Ve AR AR R TR S [
2R SPGB (RS B A ) ) (5 8 BERFE S K
K52 VGG16 R HUS S R IRE B RRIE R K, SR,
I FH B B MelGAN' [ 46 A= g X6F 17 f 41 3 Jon 328 B



541

WRORG 26 . TS0 HR GO P Sl 5 i S B ik o 14 87 1052 147

SRR AR SCHE HaTT SRR 11 T PeBins | 3
I POC AR TSP TR Y AR AR . A,
T HE— DI UER AL (4 1 R, A SCR ] — s A B R (R R
RGN 5 % S i o SR D RE Y 2B AU R AR T Hlie IR 2 A
Y EL IS PR T 1 fih 055, R E U b5 TR AR Y
155 SRR LE B 045 5 76 A0 58 T Y 189 MR 15 2% (root
mean square error, RMSE ) , g, A S fd A 28 20
177 PIIUH F S2 06, 45 53R WY, AR SCHR Y A S BN {H R
Xof A S (R SO AT M WV G, 3 RS Ry P A Ok B
R FL SO BARES

1 EEHEERISIRAR B REE

AR AR, Z A E R (RGB IR « 145
JE o MK 1) 1 f) SARSIINEIE S5 o ZAIHBLSTE R, 0]
FoRH g(x,v.f) —ao ZIATAEMIE K, AT
— LT SR B A SR e T AR A DA
JE B MelGAN R Sy A | 6055 £E Al fis 1 58 591 45 PR
BT REAREE U 1 B,

VGG16 —— 7) %5 &
DZCEE &
e Yo R
DA
i — TR . 0
yiginfy o ORKES GHELRER

B BT EhEE R SO b e ek Al
Fig. 1 Texture haptic rendering model based on
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Fig.2  Generator structure diagram
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