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Suction Pressure Tactile Display Using Temporal Property of Mechanoreceptors
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Abstract: In former papers, we have proposed “Multi Primitive Tactile Stimulation (MPTS)” and “Suction Pressure
Stimulation (SPS)” method to realize whole palm covering tactile display. In order to express many kinds of touch
feelings, we prepared two different kinds of stimuli (suction holes) and realized various tactile sensations by combina-
tion of them. In this paper, we propose a new set of primitives. The difference from the former device is that single
hole provides two primitives by changing the temporal profiles of suction pressure. It is expected that MPTS method is
realized more stably since the identical hole provides multiple primitives. We show the basic theory and results of fun-
damental experiments. The result shows that spatial feature (edged of round) of virtual objects can be controlled by

temporal profiles of the two primitives.
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Fig. 1 Schematic diagram of the new whole palm covering tactile
display system.
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Fig. 2 Schematic illustration of suction pressure stimulation.
Drawing air causes a sensation as if something is pushing up.
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Fig. 3 Strain energy distribution by suction pressure (a) and posi-
tive pressure caused by a sticklike object (b). The distributions at
the skin surface seem different between the two cases, however,
when we focus on the mechanoreceptor level (shown by red
lines), the distributions are similar each other.

3. MEZARBOEMBFEICEALE-FIS T4 T

FATAFFEIC BV TCIE, BB O DY A XDENMZED 2 8
HEDOT Y IT 4 75REL, TOMAEDETHE O
REFFOME L OBEMREIRTED Z & 2R L=12],
LU, ZOEBROBR T, M S5 RN 5| 0 rRK
BALIZEE AKTET 5 & W0 ) FRES BTz iR S vz, 3772
D HIET ORISR DK EWVIE EHRER S 5 (AR IR
IR OBENDENIHLDOTH D,

ARTIE, ZOMREORBFEICER L, KURT XD
RYAT BERET D, Jiuk, FERICKRRNRIEDE
{bEA L SE 200 L IRBIAS % £ C D Hil o2/ 5O~
UIF 475 ERTHELDOTHD, THEERT A0,
AR AT M2 DN TEIET 5,

12V F2b—FTHV, 50msFeE DK EER TCHEE) =

D, ZHUT L O AREIZEE 2 F52 AV VAI(SA-T) &
BIPNCAL T 5 Z LR IFE S D, LI Z OfilEL % S-
primitive & FE5,

H I IDITEMNSLVT TH D, ZHIUF40HzD 1 EB) 2 4
Kt D, ZHUTE Y 40HzDIRBIASY 25 LTV O &
FFo~v A 2T —/MERA-DZ RPITHREL T X 5 2 L A HIFE
SINB, Z ORI % R-primitive & FE5,

B 0% Z 02 HEORMNTY 27 4 7 THEIT 2
Z&TC, WERMEOWS I NAREL CEXLbDE, B0
W5 O CHRELATRRIZ 2 5, A CHPANC2 B B EE ORI & 48R
TELZEICEy, BELEIEERAHFES, 2R
TEL RSB,

4. EE

41. BHH

AT, ERROMBET 4 A7 VA OFEREZMIET D7
O, 1o0WFI A ZE AV, BRI T 0 TR EM T,
HDHWVTHAEDLE TR LRI, ok icmREsh
D0 EFI=,

4.2 EBAR

tactile display

suction hole rubber base

[Loff

regulator [% N}:
; valve

low pressure : butlle
tank : (5il)
pump driver |- PC

Fig. 4 Block diagram of the experimental settings.
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Fig. 5 Three pressure patterns used in the experiment. (a) shows
the overall profiles of the stimuli. (b) is zoomed graphics at the
rising edge for 0.1s. The stimulus (1) is S-primitive and the stimu-
lus (3) is R-primitive. The combinations of two primitives are
shown as the stimulus (2).
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Fig. 6 Seven references used in the experiment. Reference No.
1,2,3: hemispherical objects. No. 4, 5: truncated cone-like refer-
ence. No. 6, 7: cylindrical objects. In the picture, “r” indicates the
curvature radius and “R” represents the radius of the top circle.
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Fig. 7 Results of the comparison between SPS and actual refer-
ence objects.
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Fig. 8. FEM results of strain energy at the superficial receptor
level. We calculated the sum of the strain energy and the shear
strain energy (strain energy calculated only by the shearing com-
ponents) for various diameters of uniform circular pressure distri-
butions. The results are plotted in a logarithmic 2D space spanned
by the two parameters.
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