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A Whole Palm Cutaneous Display Based on Multi-Primitive

Suction Pressure Stimulation
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Abstract: In previous works, we have proposed two methods, “Suction Pressure Stimulation” and “Multi-Primitive
Tactile Stimulation” for whole palm-covering tactile display. In those studies, we used two basic pressure patterns as
primitives based on an intuitive consideration. In this paper, we show those two primitives activate two superficial
mechanoreceptors FA I and SA 1, respectively, based on 3D FEM analysis
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Fig. 1 Schematic illustration of suction pressure stimulation.
Drawing air causes a sensation as if something is pushing up.
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Fig. 2 Strain energy distribution by suction pressure (a) and posi-
tive pressure caused by a sticklike object (b). The distributions at
the skin surface are different from each other.
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Fig. 3 Strain energy distribution near the receptors. Suction pres-
sure (a) and positive pressure caused by a stick-like object (b).
The distributions are similar to each other.
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Fig. 4 (a) Large displacement of a pin in a tactile display array
interferes with the neighboring pin contact to the skins. (b) Suc-
tion pressure stimulation causes no interference with neighboring
stimulators.
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Fig. 5 Two approaches to create various sensations. (a): Using
primitives of d-functions with a high density. (b) Using appropri-
ate primitives with small degree-of-freedom.
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Fig. 6 Two primitives that were used in the previous studies (eg.
in [8]). The S1 gives a smooth pressure distribution and the S2
gives a concentrated pressure distribution.
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Fig. 7 Three-dimensional palm model consists of three layers.
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Fig. 8 Relationships between strain energy and shear strain energy
at the mechanoreceptor level when a stick-like object is depressed
on the palm.
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Fig. 9 Relationships between strain energy and shear strain energy
at the mechanoreceptor level with suction pressure stimulation.

LR UIAREE, WEIED ST 7 2ERTER L
H D AFig. 10TH 5, KRR TR I LT 57 230 5 1 HIT
12 L0 EBEOBAERZ KRB TX DRI > TN 5,

CTOKEY . ERITHWESL S2O8E DFHE L .
FZI7NOZR VX —ROXGERE ZBL LEbET
W, IR —BT 5 2 LR SN, FATHISE



WCBWCTHWE-2H8BHEOT VI T4 7i1E, 797L0
KBS CEMEfRTE) N AT VR E . S2 (BT
H) BvA AT —/MEE ENEEBRIIIKT 2 b
DThHoT=Z LN RSN, LinL, ZZTEELRT
IR LRV, WA A Xk T IT 47
ERBELTWEEEZTWED, EixH A XTide<l,
BERAGICIE L CE T2 DR/ R Z — 2 & BN
RKEDHTZHTHD,

Jeiko Xk H iz, HEOY A X LK EORRFRIZ,
Lﬁﬁk%m&fi<k W7o TV 5, TRbbLYERD
IR A N Z 72354, MBIV E LCTHE LS
(B CiX2. AnmOWE 5 O 2 H) 1%, AmmfRE O LA
HIFIZAET IR ERB L, Fmé LTHE LRSI
(CEBR T3 OR 5 0 2EH) (X, 2mmO LidA &
BB ERENT, DX T I al— g fE
BIZHE b 6T, %?ﬁ ZEBWTWE| O oY A Xz

LRl s 22 STz DI, WGI ORI S Z — 2 R L
TWenb &EEx %ﬂé
ek D X 5T, ENORFFAMRNKRE VIE ERE S

EARSY LN if}ﬁ<l‘@b%ﬂ%’)o AU, Fig. 9T/ LTz
BRI LAY 7 NOEBTHSL, DV T7 Mk
V. SLOIE L OB R RN (LT B Z LT
ENHTHD, T, WAL WIRSITEHEA
EVN D DL, A RIFENT LT R 22 SR IR VIR T H
b5, XoT, V97 TREND LHIT. AmmiEE DMK

EOBEMEEFI TR D LB X B, B RmEE O
SRS B D & WD FRERE L FEFICE L —8T 5,

WA ANKEL oo BB E VI DIE, EBIZEZY
95%ktt4—‘in%}ﬁ}u[—ﬁ@ CENREL DT, W
Bl & Vo T ERRL & Lffﬂﬁéﬂé%d)&
EZbhb,

ZOE DT, TIETOERRRE RO & 7 BRI,
ZORRIZEVEGITHATE 5, ZIUIRTHIONE D
ELDo7mZlBRTHDOTH D, 7277 —2mH Lz
WO, RERESINED Do WIKE| LA, v
MEE LTHRESND EWVWIATHD, i, #M#
BITEIE A B 2 DA AOREE > TRY, TDD
RaogohdltEaEZONDN, 5K & V)Ei%ﬂﬂfﬂﬁ%ﬂ%?az\

HThD,
Shear Strain Energy
IN-mI eho.an  —— )
pull -30kPa =
//’
pull 4.0mm //
/ push 2.0mm
100000 4
push 4.0mm
pull 2.5mm
Strain Enrgy
[N+ m]

100000 1e+006

Fig. 10 Merged graphics of pushing pin stimulation and suction
pressure stimulation.
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