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Presentation of impact sensations by a floor-mounted turntable

EHEEAD, HORD, REAmZD
Mutsuki SHIMADA, Izumi MIZOGUCH]I, and Hiroyuki KAJIMOTO

1) BXGEERT: FHRFEEK

i)

(T 182-8585 WL AUERFMAR T4 - B 1-5-1, {shimada, mizoguchi, kajimoto} @kaji-lab.jp)

BEE . iU E COfTREGRR O CIREF RO T S 22 W CRICEREZ IR LT E .
Lo L, TBRFEOKINE, FIbb0H 5T, HERERE URKHIZIZE L MmO b AT
5. ZOYEIEEZRIATIVUE, BAORIEERIC LD ITRENSERIND LB DD, Kl
ETIEREMTASAL AL LTHE =0T =T AR, a2—FRZ0 LIS, FTREEOBRIC &
— T =7 NEBRMOIZEE XSS 2 L TRITOX D EIR L, FIROEGE R X85 ks

BGRET 5.
F—O— R T, DR, KT, FIERREE

1. [ZL&HIZ

WA, VR OBEAMKERIC B O CIRRESCHER 721 T2 <,
ikl b U TV EEARD 5TV 5. #FC, AR
—YREEBMER G AV E T v a B E, T
B & PR D EZERFOMTE 7 0 — RNy 7 ORI E
EHThD.

RIS EENLMBEOER L HMT D L, Kl (FE
WeRpksy) & (B & e iRER koY) ([ cE 5. i
¥, TS EWINTEIRICHETT B 0L < OBFZER
FonTE . ETHLEMONTT 4 v 7T, 2%
WBBEAITIE, NTT A v I TR ADIIC L o TIRE)
B ITETRIABRT 2 I7EC0R2], ~NTT 1 v 7
TN AR 2T DL T O0EEEFMAL
b HEBIRE ANONTER, 7270 L ERIEE
WX RTEFEPH O RN H Y, Hl X HEERIC B BFERIC B 2
2 X0 TR TR B A ED Z LI L.

AIENFEPH O & R 5 — DD FIEE, V=T T
VIR LA — & T A O R R A TRV E 7213
EIRTRTHENVILDTHD. BIZIE N R RFA
A AZRE S 2 FIEM], RIEOMTEIRTTDHI L
TIRENEL & SIN 72 I T & 303 2 JFIE[S][6) 5 M R &
NCWD. KNWERTRTLFEL LT, TACE DY
4= RNy 7 ERND LTS8, Ny RV RTNA R
DWNE TR A58 S B THEBE A 527 2 FIE9][10][11],
7T u NI KA HEE ) R VD FIE[12][13][14], Y v A
o gh 5% 5 JFIE[1S], BRI Chis 51 X R4k
[16]72 ENBREEINTWD. T, NTT A4 v T TRA R

OB L > TRIURAZHT b0 L LT, B0
B < EAWIC L o TR 2 2 S8 2 FIE[17], $ED
BEICL > TEMEE—RA L ME2ELEE D FHIE
[18][19][20][21 ¥ BE STV D

PAED X5 ITHTRBUIIER ITIRIA <HRE SN TN D,
WENRTT A AIEB RS & &l EICHRTE L —F
TR AOE+HSCHBRTE RV, R ARRT 31 AT,
R BTNV T =T 57V HIK E, R G
MNOEL ) (22 TSI EMESR) ORBL+-53TlidZen
FER L U CTITBIEICE END EHEH DO~ F B O S DRK
AT 22 LIEREE VW ORER o T

BA I TRBIFO LS OITEHIZONTHELE L, [FTRE
DN DEAEBIZRER I ME Th 5 ) RIZERB L. 7=
AEPNCE D&, ABR—IVEFTOB, ZOKNET 7>
FEBEUTELLHER~ T L THEA~LEDS. L)
ST, 2o s HEREDER] #HEAT5247T, &
D ERTHAEO S D ITREOFEIC D723 5 Al etk R
H5b.

ARFE I, HTBROBRICEITTIEDS ) ICER L,
Bk & i & ORMICA U2 ERRIER & SRR IR
TAHRELLT, BTDF — 2T —7 0% H T EES
WERFTAZERREETS (M 1) . Zhicky, 2
MNOEHERER~AKDEZEC SN2, HEkE D by
HRREZIRTES., £ ZOFERF~ORNIIETE
WMEE L LW, B EROANTT v 7 T34 AL I
N5 & FO A EEIHORBEIT A2,

-2G-21-



© 2025 BARN—F¥ILYTI)T4ER

2G-21

B 1 83—V T—TLETFTNAR

PERAFIET Y, FIBRIKE TR T D2, N R~L R
FNRL ACHEEN 2T =X DR E AL S, A
IEEZE T S D 2 & THRBEAIRRT D2 ERRE
NTE [22] AR THWD FEXINE, BIICRExR
THFETHLELELZDND.

Fexix, ABEFEAIFICES THBLZGAICTE
A e b 15 D IERI [RREFHETY OB IEE %2 52 TV %
W) 72 HET B, R—AnNEFLEHET B L X, F—
SV B IR & REFTE] 0 IZ [AlHE S 5 ) & 04 ) 3R E S
5. ZOANER & HiE OB I TR, Hi A REEE
W IZEER S B0 L5, WCHm 51X, BE2 KK
FHEI D ICEEE S W& ONAANREET D Z LT, FK
T80 BV RS (X 2) .

DEVIHBEE Y — T =T N TRIAT DD,
S & EERHE) Y (2 [alfis S5 A & OEE & 5 2 Dy
DD, 2L, ZORITERVETEX—v T —T7 1%
WRICEEZLCLE I DT, ¥—r T —7 V%Ki ED
WCER S TEBE IR THERS D, £ < OAEH
ZUZBW T NIIRY OB Z APRICE T, 0%
FEN~A 7 SNDHDT, [Z—rT—T )% KFEE D
IR S, ZOBMRED ICEEES TS L) FiEE
BV, S #] OB O SIREFHE Y o Inss B % BRI A 3
SHELNDEEBEZLND.

=p 457
=p 5 \

« %)

X 2: K2 D ADAR

2. TN AR

ARFEOHIEERF T 5720, 4 — 0 T —7 L OnlEx
EHIET DT80 AEEHR LEZ (K 1) . 534 A% RC
P—ARE—% (DS51150, DIYmall) , ZA I 7 ~YL K, &
& 60cm DX — 2T —T ) THERRE G, —KRE—F D
BHEN X A I T~V NES LTH— T — T VI G
ENAHFATHD.

RC H—RE—# OiilfliZ~ A = > (Raspberry Pi Pico W)
IZC PWM I L D AERE CIT > THY, v 303
PC LEftsny U T VEEICL > TF— 4 2% WHERR
REEL 2o TS, A UL PC DT —H 2%Z(ET
Lé, BESNTAEICEERT 5. h—RE—X%— 5N
WZER S, ZOBVEIRIE D 2 & CHBREA R T
%

3. KR ITBREZ/BONIRELGEI—2T—TI

D [B1E5 A5 R DHRFEEER

AREBROBWL, FIBEEGEONLIRERY — T —
TNDERE S ERGEET 52 &L THD.

3.1 VRIBIE

WBRE LS — T — T NAZT Y Meta Quest3 & JHIZ S
L, HFIZ Meta Quest3 > f—7 Z40FF L7=. b
OBRINZNE, FFRIZT 7y NefEb, R—ARnaHIZm»
STRININD VR = Rir Sz,

3.2 EEBREH

PWEREIL 21 D 24 ETO T4 (BrEas, &3
£) TiTolz. EBREITARX 64, ERE 14 ThoT

FEBREMT 2 — T — T A OBEEE O 1 ER DS 73
5. [ NE, R (None £5#F) |, WFFHE] W ELIC/X
ReatE Y (CW/CCW Zefth) , IRFRHE Y B % IZREFHE D
(CCWICW Z&fF) D 3 k& LT-.

PERE D ITRENMER 1T O &, RAIOBRMIZ Y — v T —
TANREERT B E VI ESEH L, 0.1 BEEOHRS %M
Fid 5. To®%imECmEiET s LW ESEH L, 41
MEIZRDETEDORBEMFT 5. iR T7 A —Z X
EFWZL>THRIIK PRGN EECED BN,
ETOWBREM TR U/ T A —& TEBRNTbNT.

[Bl#s £ FE O 2 BE R IC X - T o 72, FHANE S
FEEEL, BV ENZNOZEMT 5 BT, #HHRE 14
(R 48kg) IZXk} L THTo 7=, X 3 ICliiske s & HEZ) 0 &
L7zt EOEBROREAEOEIbERT. ¥—rT—7
NAsDNDOEFOATTEIREISK 1° BEIL, ANE-
T2 EORKAEITN £ Lol BEM LRSI E
% ETORIIL 0.1 BRI Z bz,

-2G-21-



© 2025 BARN—FvILYT)T1ER

2G-21

— AN&UL
ABD

Angle (degrees)

0.0 0.1 0.2 0.3 0.4 0.5 0.6
Time (s)

3 B—UT—JLOEREAEORT—%

33 XBRT7VU7—+

KEBRTIIT 7 — b &2 AW THlRE O LER 72 KR
A L7s. AR 7 B Y o — N RIETITo . §
MEE BTG, BRI, 1T A MK, 2 — RO L
SO 4OTHS.

3.4 ERFIE

WL COIT, WA 1LY — T — T MZH D, Meta Quest3
ZEAICHEE L, AHFIZ Meta Quest3 = b —F 2 4ERF L
<. WIS, VRN TH FIZAD > THRE SN SR —LIC
ﬁbfﬂ%% 3 LT ED%, FNTNDOEMT, 8 B
L, o BERERRLIZEEUEOLICERT v
F—RMZEE Lz LEOFNEZE 3 &4 T I,
FBRGAFITEIRE Z L IR LT & AIET 1 ET 1T
iz,

3.5 ER#ER

FBRAERZ 41T, ROBUTHIAE, SV ENEFEE
E&E7RY. ZOF—HZIZ ART-ANOVARERB L OVR v 7 =
0 —=fEE AW S EEgA A L. EOfER, I
J&ClX None 551 & CCW/CW £ (p=0.0060) , &5k
Tl None 52 & CCW/CW ] (p=0.0029) , = —H{f
BRoO# L S Cid None 5:F & CW/CCW F=14-RE (p=0.0090) ,
None £ & CCW/CW 4[] (p=0.0055) ICHEENRD
N, oA LRICHERETR N 5T,

" p00s

EII Al

- nwcc‘w

ﬂ LI Lo b

' l

o

m

A7

T S HRLHE I vRRORLE
FEER

4: EER 1 DR

4. EB2 FRRFHEL—2T—IILEERIZ &K BT
BREADFEDHIIEER

35"_.

AWFZED BENE, RN SR DTS Fr= v

b r—F DOEE L X — T — T VAL Z S BT
GO IO BRI 5L ThD.

4.1 ERRE

TR LFAETHD.

4.2 EBREH

PERFEIL 21 D 24 ECO T4 (B4, &PE3
&) TiTolz. RE AR 6 4, ERlE 14 ThoTz
EBREMFIXa L br—F ORBOFE, BLIO¥ —
T =7 NVOEREOF WD 2 LR G722, R (None 5
), IWEDOAH (Vib &) , BEED (Turntable Z4F)
PRE L BB A (Vib+Turntable 5501F) D 4 S & L=,
WERE N ITREMEEZ4T O &, 22 Fu— T N E# &R
T 5 RIS — T — A NEEE G T S, 2
ke—7 OE®IL 0.5 BEFHET 5. ¥ —r 7 —7 LD
RN, R 1 CRebITBENG O TREFENY 2
LEFFHEIY | 295, BlERT A —2 1 3ER 1 LEETH
5.

43 EBRT7 Ur— b+

EBr 1 LA TH B,

4.4 EERFIR

EBr 1 LA TH .

45 KRR

FERAE R A SRS, AROBUTFRAE, S FNLFEY)
EZRT. ZOF—ZIZ ART-ANOVAREB LR 7 =
—=fEE AW ZER A L. FORR, T8
J&TIX None §efF & Vib 5 (p=0.0094) , None Zef: &
Turntable 52/ (p=0.0039) , None 5=/ & Vib+Turntable 5=
£ (p=0.0010) , Vib &1t & Vib+Turntable &4 (p=0.0392),
3518 Tld None 4514 & Turntable £t (p=0.0186) , None
%/ & Vib+Turntable §=1Ff (p=0.0105) , Vib & &
Vib+Turntable 2548 (p=0.0319) , 17 % LMK Tl None &
- & Turntable £/ (p=0.0494) , Vib 551 & Turntable 5
FERE] (p=0.0494) , Vib &1tk & Vib+Turntable £ 4[] (p=0.0026),
Z—PIRBR OB L & TiX None & & Vib &4
(p=0.0494) , None Z5ff:& Turntable /] (p=0.0038) ,
None 52 & Vib+Turntable Ze{:fH] (p=0.0058) |ZH &AM
RN MOMASDREICHEEITIR LN -7

: = o
—— —— | —
»«
x
:
mr.
2
:
TS [ TREHE Q- HBDRLE

FEEE

5: RER2 DFER

-2G-21-



© 2025 BARN—F¥ILYTI)T4ER

2G-21

5 EZ®
51 ERE1. 2—2F—JILOEEHRA

A TN REFE D 23R 35 2 & TR A
CDEWVIRERESL Tz, #ERE LT None 54 & bl L
7L EICHEBENROH>T-D0 CCW/CW 72~ 72
Z DOFAME None Feff X0 HATEEL, HRIHR, 174 K
AR —HFIREBEORE L SN ET 22 ERRBINT.
L7 o T2 ORFBUIERM T ONZE S22 D —F T2
—PENREDZ A I T OIEEE L E FIZHME LTS
DM LRy, [BIERBRAERE, [BIF5 5 MY 0 B 2 K
D2EIRERMEELANAELD EEZEZBN, EOXA
S UTBETHAENCONTESERHT ALERSHS.
52 EE2. FrikEeé BxBEEOHAEDHE

FERAER LV, Turntable §5/41% None L 0 © 9T
OFHHEBIZIB W TR a7 [ L35 Z &, Vib+Turntable
ST Vib S L 0 BB L BRI B9 5 2 VR
WBENTZ, 2O s, BITEEEHM CHRER M\ L,
FREHEMAEDLEDL L TELIIHRESTZLEEXD
na.

F 72, Turntable 513 Vib b & 0 ITATEHRELSEE
WZEWZ ERNTRB I L LR S, B cEldsilgi
FREBHILL Y b —EOIENL TS Z LRI NTE
DI T, HERE D, FuREBIAEROOICK LA —
RS RS2 DEFERH D L) T A ERFEDS
NTHY, FrRRBORENRE L TV HREENE 2
5D,

6. HHYIC

AR TIL, fTRIEE TR T D720, RItDF—rT—
TN EACTHEERA AR T 52 & TRIEN L H RS
RN A% C SEDHI R FIEERE L, EBR 1T,
B — 2T — TV D[Rl I [0 2N e I SRR ] TR I
FEID I D oD FIE TR LM TBREEZR LD Z &
DR ST, R 2 TIE, 1RO/ R L K781 R
WCEAFTIER & & — T — 7T & B R RIS & 2
BOEDLZETEIDITHBENBE D Z LOVRIBE I LTz,

LSBT CHONZHMAEZ R — T —T D
[ R & [ElR /S 7 — 2 DEAKIC K D ATREA~ DR D
MFEZ HED T <,

SE XAk

[1] P. Wellman and R. D. Howe, “Towards realistic vibrotactile
display in virtual environments,” in Proceedings of the ASME
dynamic systems and control division, Symposium on Haptic
Interfaces for Virtual Environments and Teleoperator Systems, pp.
713-718, 1995.

[2] #¥ 521~ etal “10kHz O FEHR LI L D @ fig s 77
ST L F ) T (<HHES TR R A ¥ 7 = —2),” H
KNR—=F X VYT U T 4 PGS, Vol 9, No. 3, p. 217-226,
2004.

[3] A. M. Okamura et al. “Reality-based models for vibration
feedback in virtual environments,” IEEE/ASME Transactions on
Mechatronics, Vol. 6, No. 3, pp. 245-252,2001.

[4] F. Teck et al. “Ungrounded haptic rendering device for torque
simulation in virtual tennis,” In ACM SIGGRAPH Emerging
Technologies, pp. 1-1,2012.

[5] D. Inoue et al. “HapReel: A Racket-shaped Haptic Display
Controller for Presenting Vibrotactile and Force Feedback through
Fingertip Deformation,” In SIGGRAPH Asia 2023 Emerging
Technologies, pp. 1-2,2023.

[6] D.Kim et al. “MMGrip: A Handheld Multimodal Haptic Device
Combining Vibration, Impact, and Shear for Realistic Expression
of Contact,” In SIGGRAPH Asia Posters, pp. 1-2, 2022.

[7] H. Tsai et al. “ElasticVR: Providing Multilevel Continuously-
Changing Resistive Force and Instant Impact Using Elasticity for
VR,” In Proceedings of the 2019 CHI Conference on Human
Factors in Computing Systems, pp. 1-10,2019.

[8] T.Weietal. “ElastiLinks: Force Feedback between VR Controllers
with Dynamic Points of Application of Force,” In Proceedings of
the 33rd Annual ACM Symposium on User Interface Software and
Technology, pp. 1023-1034, 2020.

[9] C. Park et al. “Realistic Haptic Rendering of Collision Effects
Using Multimodal Vibrotactile and Impact Feedback,” 2019 IEEE
World Haptics Conference, pp. 449-454,2019.

[10] H. Chen et al. “TransPAF: Rendering Omnidirectional Impact
Feedback with Dynamic Point of Application of Force All Round
a Controller,” In Proceedings of the 2023 CHI Conference on
Human Factors in Computing Systems, pp. 1-13, 2023.

[11] C. Fan et al. “SpinShot: Optimizing Both Physical and Perceived
Force Feedback of Flywheel-Based, Directional Impact Handheld
Devices,” In Proceedings of the 37th Annual ACM Symposium on
User Interface Software & Technology, pp. 1-15, 2024.

[12] S. Je et al., “Wind-blaster: a wearable propeller-based prototype
that provides ungrounded force-feedback,” In ACM SIGGRAPH
2018 Emerging Technologies, pp. 1-2, 2018.

[13] s. Heo et al. “Thor's Hammer: An Ungrounded Force Feedback
Device Utilizing Propeller-Induced Propulsive Force,” In
Proceedings of the 2018 CHI Conference on Human Factors in
Computing Systems, pp. 1-11, 2018.

[14] T. Sasaki et al. “Leviopole: mid-air haptic interactions using
multirotor,” In ACM SIGGRAPH 2018 Emerging Technologies,
pp. 1-2,2018.

[15] T. Hashimoto et al. “MetamorphX: An Ungrounded 3-DoF
Moment Display that Changes its Physical Properties through
Rotational Impedance Control,” In Proceedings of the 35th Annual
ACM Symposium on User Interface Software and Technology, pp.
1-14,2022.

[16] P. Lopes et al. “Impacto: Simulating Physical Impact by
Combining Tactile Stimulation with Electrical Muscle
Stimulation,” In Proceedings of the 28th Annual ACM
Symposium on User Interface Software & Technology, pp. 11-19,
2019.

[17] P. Lopes et al. “Impacto: Simulating Physical Impact by
Combining Tactile Stimulation with Electrical Muscle
Stimulation,” In Proceedings of the 28th Annual ACM
Symposium on User Interface Software & Technology, pp. 11-19,
2015.

[18] S. Sagheb et al. “SWISH: A Shifting-Weight Interface of
Simulated Hydrodynamics for Haptic Perception of Virtual Fluid
Vessels,” In Proceedings of the 32nd Annual ACM Symposium on
User Interface Software & Technology, pp. 751-761, 2019.

[19] S. Shimizu et al. “Unident: Providing Impact Sensations on
Handheld Objects via High-Speed Change of the Rotational
Inertia,” In 2021 IEEE Virtual Reality and 3D User Interfaces, pp.
11-20, 2021.

[20] C. Swindells et al. “TorqueBAR: an ungrounded haptic feedback
device,” In Proceedings of the Sth International Conference on
Multimodal Interfaces, pp. 52-59, 2003.

[21] J. Shigeyama et al. “Transcalibur: A Weight Shifting Virtual
Reality Controller for 2D Shape Rendering based on
Computational Perception Model,” In Proceedings of the 2019
CHI Conference on Human Factors in Computing Systems, pp. 1-
11,2019.

[22] fhE FAKHS et al. “fa B AL EZ RN Lz DR T A
AR AAN=F %LV 7 VT 4 FE2FHICGES, Vol. 6, No. 2,
pp. 115-120, 2001.

-2G-21-





