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Investigating Human Tactile Perception with Ultrasound Tactile Display
(OTakayuki Iwamoto (The University of Tokyo)
Hiroyuki Shinoda (The University of Tokyo)

In this paper, we propose a new tactile display which produces spatio-temporal stress patterns on a 2-D plane. The first prototype

of the display consists of an octagonal arrangement of ultrasound linear arrays. Each array has 40 pieces of PZT transducer. The 320

channel driving circuit was designed to produce 1000 frames of 2-D stress patterns per second. The 2-D stress patterns can cover

lem by lem area. Simulation studies were carried out to examine the adequacy of the proposed design. It showed that the octagonal

arrangement can produce a well-focused force spot to be scanned in the display area. The results were satisfactory compared to other

polygonal arrangement.
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Figure 1. Concept of the two dimensional scanning tactile display.
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Figure 2. Octagonal arrangement of eight linear arrays. Left: A schematic
drawing of a single linear arrays. Right: An arrangement of the eight units of

the linear arrays.
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Figure 3. Parameters in equation (1). Left: A PZT piece on the octagonal
arrangement of the linear array components. Right: The nth PZT piece on

mth array component (m=1,2, ... .8, n=1,2, ... ,40).
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Figure 4. Method for producing spatio-temporal patterns of tactile stimuli.
Several points are selected as stimulation points and the display produces the

radiation pressure on the points. The frame rate is 1 kHz.
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Figure 5. Simulation results for the octagonal arrangement. X axis and Y
axis represent XY coordinates ranging from -5 mm to 5 mm. Z axis

represents the normalized intensity of the radiation pressure.
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Figure 6. Simulation results for the square arrangement. X, Y, and Z axes are

the same as Fig. 5.
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Figure 7. Simulation results for the dodecagonal arrangement. X, Y, and Z
axes are the same as Fig. 5. The intensity at the second peaks is lower than

that in Fig. 5.
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Figure 8. Simulation results for the octagonal arrangement. Note that XY
coordinates are ranging from -10 mm to 10 mm. Z axis represents the
normalized intensity of the radiation pressure. The coordinate of the focal

point was (Smm, Smm, 30mm).
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Figure 9. Intensities at the second peak for polygonal arrangements. The
horizontal axis represents the number of sides of the polygon. The vertical

axis represents the intensities at the second peaks.
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Figure 10. Linear arrays used in the prototype system. Left: One unit of the
linear array. It includes 40 pieces of PZT. Right: Linear arrays arranged at
the edge of the octagon. Each linear array is fixed at the bottom of the water

bath.
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Figure 11. Block diagram of the system. A driving circuit board includes a

CPLD, a memory, and 40 channel amplifiers. The memory is capable of
storing 4 bit data for the delay times associating with 128 by 128

coordinates.

Figure 12. A photograph of the prototype system. Eight linear arrays are

connected to eight driving circuit board. The driving circuit is connected to



the PC with USB cable.
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