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Vibration Generation for Tactile Rendering using Generative
Adversarial Network
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Fig. 1 Architecture of the model.
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Fig. 2 Architecture of generator and discriminator.
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Fig. 3 Material name and image
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Fig. 4 The spectrogram for each class label in test dataset and

the one generated by generator.
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Fig. 5 t-SNE visualization of test dataset and the one gener-
ated by generator.
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EERSIMAE L 226 25 ETOBL 10 %4 (B8
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BES: KE17-63) 2Z I TEBINZEDTH 5.

4.1 RRYRAT L

AREBRTOSMEDRAIIE, X TV vy MiKDRRHE
i ET, RYBFNA A0 S IREIR & %21 DD K& 7%
TBHILTHD. EBRIAT LI, BTV v Mk (Apple
Inc., iPad Pro 9.7inch), 7 ¥ 7 (Lepai Inc., LP-2020A+),
BEURE P ERVBIT NS 2D 3 D06 E N5
(B 6).

Conductive sheet ¢
Pen-type device

6 AT LA
Fig. 6 Experimental system.
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WTHEBRBRREZYF AV -V ERIET S X 5I1Z LT,
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4.2 Y RUBEE

AEBRIISBMENHABECTITo 2. HDEMI T ADY
T ALDEE EFICRRAINTE Y ZENEARNS (M7
k), B#EE, TANT—ZNOREE72IXETVHE
U IEE 2RI oD, VRTINS ZEEE LD
EOREE EZ2FHA L. RIZFAU K F A MHOIEH® L <
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EEP U, 2 DO LT R S IREIRIE A 21 7245,
SZIMHEIZEDS S OIREFIEAE TV TERINZHEDTH
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A (7 T A% ET-IEEMER) BT AREIE LTDY T
TAZDWTHFHE L7z, SIMEITRART 2 IRENIH 3 12
RUEIDDEMDIBED 1 DITHIETEEMRZ bV E
Generator IZAITB5Z L TCHEBLEZEDE, FA—DFEM
BT BT ANTF =R LTT—&XEY Mib 2IRE)
% fH\W7z. Generator EERCTHEIRRT 2ZE M DIFRITZ
DEMDI FZAZLTHD. B, BNENPSTEHETF A
F=ABIUOERT—ZDOVWITNEHARTHS. BIMHEIX
BB RINDEMOD Y 5 AL E -3 EMEGD SR
N2ELEDIZEDNT, EBIZER S N IRENC R U TRk
T9.

ZMED 1 AT TOERTFIEZ RS, LT OFIE%
DIEUIT->TWL . SIMHEIL, RUZ2EPSANE 100mm
Oz —ERE TN Y. BEHEEEZ —EIZT 57201
W EIZIEMT B N=DBEREINEDT, T D/N— DL
A= FIZEDLETEMEB IR V28T, N—DIEM A
Y— R 1.6 HTH 100mm 2BH LKA 5% EL > T
W5, ZMEDRICH U CTIRE 2 EERRT 272012, &
I RE DA TR DR E2 RS X > 5=
INTWA. Ml Lo 2 DO E (X7 78) TIHIZRY %
L7z, E550RMPERINZEDEREU 0%
HE EDRE R HUTEZS. AT, 2 20RO
V7V T A4IZ20WTHENEN%E VAS (Visual Analogue
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Fig. 7 Experimental window. Left: The material class name

or is visualized on upper side of the screen. Right:
Users evaluated the realism of the vibration and identify

which is the generated one by pushing buttons.
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A NTF—=XOEWEIOFNS T XL LU THAL .
SMNE Z L IZEFEM10RITT 2T o72. 1 ADSIEIZD

BETI80iMTIT oz b kB, R T B EMEED
ERIE AT Y R —NF VAT B L DY %475 7.
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Fig. 8 Percentage of identifying which stimuli were generated

one out of two.
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RERTERP-72ZLZRLTVWS. 2FEMIINT 3
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A REGEREER T 72225, WThOEMEEE
ROEEIZ 0% SEEN T WD > 72,
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MEEI LIRS, TAMT —XOIREIINT LY 7Y
T 4 OFMEDEIIE 72.9 4+ 1.49 TH 0, ERIRENIZ
9 5 FMED Y% 73.1 +£2.93 TH - 7-. Student D t M
EETANTF—REERT— XEOFEEEIZT L TITo 72
& Z %, Generator EERIZ 51} 5 Bamboo(p = 0.025)
WCEUTHEEDRD > 72, 7 A MEIIRK & 4 RIRT4
D TIREEEZTR N 7-.
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Fig. 9 Felt realism for test signals and generated ones.
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DI, IREIfED TH 1 V2B W TIEREN R —ATH
5. IREMET A VIROFER LI —-AT -2 LT,
& 0 R FR R BV Generator (2 ASI X NBEEN
Ezond. BARMIZIZEBEM ORIz H 7= 25 DFHE
MEEZ AU CIREZEKT 2 Z2PMEINSE. 20
& 2 56 DERIEE > Generator DB MEIZ DWTEHE
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5. AETILORR & &I

51 %R

AFETIE, BMRIZ MVEATE UCIREIZEKT 5 €
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AT — R FEEDETFIVEEOBROHEMEESHL,
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Bd 255D ThD. ZMEFEBEINS 55574 CEE
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5. EELUSEBAWEZETILOFRENST A —XPT— X
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5.2

BBIZIEEE T VO L LTy D AHFEADRIG
THb. METTNVIERVOEEREEZ AL LTE SR
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BTERWELBEII 5. UL, RO ADKRERN
THBERELTHLIVWEWSIRAHTES. FHEEE Apple
BT U=y a VERBEIZH LTI, AT TRRy S
RESHEHDY Y TNV ATY = AF ¥ A EHIRT 5 77
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AN D B 728, RV U E 35 I 1k
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—F, RAVNT TV REROEERTIZE#D D 5
AR avIIRLUT, RETIVEHVEZWEELRH
5. FDXIBEGEHEIZEWTDH, Culbertson et al.[2] iZ &
D, REIDR AR OMEIZIGE U TEA LRI, -9
RENZE L 20 7 T 1 MRS 22, _UZhxhbHi
ZIREN 2 W6 X 2 BER WATREES SR X T w5,
ZDH, KEFIVTERUIEHZRX— AR OHE
WIS U TRIEBERZ 721 T TH L THEMDH 5.

6. &

AWfgETlE, EMOEMEEZ AL UTIRBIZENT 5 E
FLE GANIZLOHESEL =, KAEFILEZHVWSEZ LT,
FIICEMZDOE DR FZRWVEEY, T—Xty M
LOEM ORIV BE IS IRE 2 INEMRETH B, 5
Bz Lo T, BREDEIZBEWTI—FNEFILHERL
7 HRE 2 EOWRHIH S5 KT E AW & B IRENIZ N U
TEORBEFABREDODY T T+ 2K LB I %2R LT,
SBRIFFZHIIACTRWEHBEMONREN Y MLa AL
7S A DERIRENIZOWT I LKL T VL.
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