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A Method to Produce Tactile Sensation Using Suction Pressure
Yasutoshi Makino and Hiroyuki Shinoda*!
Abstract — In our previous studies, we have proposed a novel tactile stimulation method

named “Suction Pressure Stimulation (SPS).” The method is based on our finding that
humans can not discriminate suction from compression when the skin is pulled through
a hole with a negative air pressure. This illusion indicates that tactile mechanoreceptors
detect not stress nor strain tensor directly but scalar parameters such as strain energy
density. In this paper, we clarify optimal conditions for achieving the illusion. Comparing
the results of psychophysical experiments with simulation analyses of the SPS, we discuss
physical parameters sensed by tactile receptors.
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epidermal layers.
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ameter of the suction hole to induce
contact sensation.
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Fig.12 Strain energy density distribution by
SPS using the different diameters of
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Fig.19 Perception tendencies of Type A.

100

- —&— Mk-stimulus
0 g < . 1= Mrstimulus |

_ B
80 == S o -

70

60

50

40

30

20

10/\ A
N~

2 2.1 22 23 24 25 26 27 28 29 3
Diameter of suction hole (mm)

Positive pressure sensation (%)

0

020 TypeBOOOOOOOOO
Fig.20 Perception tendencies of Type B.

6. oo

gbobooobooboooboobobooobooooon
oobooobooooooooboooooooooo
goboooobooobooobooooooooooon
oobooOoooooobobooobooobboooon
goboooooboooboooboobbooooo
gobobooooboooooobooog

gbobooooooooooobooboooboooon
obOooooboobooobooobooomoooboon
goboooboooooboooooooboooooo



goo00 :00b0o00ooooooooo

goboooobooobobooobooooooonon
oobooOoobooboooobOooboooooonon
oooobooobooobooooboooboooooo
goboobooooboooboooooobooooo
gobooobooobooooboboboooboooDn
oobooooboooooooboobooobooooon
oobobooobooooboobooboooobooooDo
gobobooooboooboboooboooboboooonn
gooooobooooboooooboboobooooboooo
oobooOooboooobobooobooobboOooon
gobooboobooooobooobbooobooooo
ooboooboobooboobobooobooonn
ooboooooooobooobo 20000000
ooo

oood

1] 0OO0,00,00: “0000000O0O0OOOODOOO
gooDoooooooy0Doo00ooooooooo
000 5000000, pp.255-256, 2000.

[2] Y. Ikei, K. Wakamatsu and S. Fukuda: “Image
Data Transformation for Tactile Texture Display,”
Proc.VRAIS ’98, pp.51-58, 1998.

[3] M. Konyo, S. Tadokoro, T. Takamori, K. Oguro:
“Artificial Tactile Feeling Display Using Soft
Gel Actuators,” Proc. 2000 IEEE Int. Conf. on
Robotics and Automation, pp.3416-3421, April,
2000.

[4] J. Pasquero and V. Hayward: “STReSS: A Prac-
tical Tactile Display System with One Millime-
ter Spatial Resolution and 700 Hz Refresh Rate,”
Proc. of Eurohaptics 2003, 2003.

[5] H. Kajimoto, N. Kawakami, T. Maeda and S.
Tachi: “Tactile Feeling Display using Functional
Electrical Stimulation,” Proc. 1999 ICAT, 1999.

[6] G. Moy, C. Wagner, R.S. Fearing: “A Compliant
Tactile Display for Teletaction,” Proc. IEEE Int
Conf. Robotics and Automation, pp. 3409-3415,
2000.

[7] T.Iwamoto, T. Maeda and H. Shinoda: “Focused
Ultrasound for Tactile Feeling Display,” Proc. 2001
ICAT, pp. 121-126, 2001.

[8] Y. Makino, N. Asamura and H. Shinoda: “Multi
Primitive Tactile Display Based on Suction Pres-
sure Control,” Proc. IEEE 12th Symposium on
Haptic Interfaces for Virtual Environment and
Teleoperator Systems, (Haptic Symposium 2004),
pp. 90-96, 2004.

[9] T. Maeno, K. Kobayashi and N. Yamazaki: “Re-
lationship between the Structure of Human Fin-
ger Tissue and the Location of Tactile Receptors,”
Bulletin of JSME International Journal, Vol. 41,
No. 1, C, pp. 94-100, 1998.

[10] K. Dandekar, B.I. Raju and M.A. Srinivasan: “3-
D Finite-Element Models of Human and Monkey
Fingertips to Investigate the Mechanics of Tac-
tile Sense,” Journal of Biomechanical Engineering,
Vol. 125, pp. 682-691, 2003.

[11] R.S. Johansson and A.B. Vallbo: “Tactile sensory
coding in the glabrous ski of the human hand,”
Trends in NeuroSciences, Vol. 6 No.l, pp.27-32,

1983.

[12] S.J. Bolanowski, Jr., G.A. Gescheider, R.T. Ver-
rillo and C.M. Checkosky: “Four Channels Medi-
ate the Mechanical Aspects of Touch,” J. Acoust.
Soc. Am., Vol. 84, No. 5, pp.1680-1694, 1988.

[13] T. Nara and S. Ando: “The Mechanical Prop-
erty of the Coiled Axon of Meissner Corpuscles
for Human Tactile Sensing and its Application
to a Biomimetic Tactile Sensor with a Helical
Structure,” Proc. of the 11th International Con-
ference on Solid State Sensors and Actuators 2001,
pp.1666-1669, 2001.

(14 0DO0O0,00000,000,0000,000,0
oodo: “D000bO000bOoOoOooooooog
goooooboOooOoooooooy bobooo
O0000oDO0o0oo0o0obDOoooOoboonD 20050000
0, 1A1-N-108, 2005.

(20060 100 11000)

oooooo

0o o0 boooooo
200200000000000000
gb20040000000000000
gboooooooobooboooooon

goooooooooooooboooda

<
“ 0oo0O0o0oon

g o0 ooooo

J

1988 0 0000000000000
gosobooooooooooooovod
OooooooooY%sooo(@o)o o
gbooooooobooogorooono
0000990 UC Berkeley 000000
2000 000000000000000
goooooooooobooobooooo
doododoooooooooooooo
gooooooooooooooo






