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On Plane Shape Perception by Displacement
with a Point-contact Type Force Feedback Device

JULI YAMASHITA,t YUKIO FUKUL,t OSAMU MORIKAWA'
and SHIGERU SATOf

Haptic/force feedback device is an important type of three- dimensional haptic display
whose application fields include computer aided design and surgical simulation. With such
a device, three elements of feedback force (magnitude, direction, and displacement) can be
controlled independently to give haptic illusion as well as natural haptic simulation of virtual
objects. To date, however, shape perception factors have not been well studied. This paper
presents experiments on the effect of displacement in plane shape perception with a point
contact type force feedback device. The subjects changed the height A of smooth mountain-
ous stimulus shape (width 2w and stiffness s) to determine parameters and their thresholds
for the shape perceived as flat. The feedback force direction was fixed upward, the same as a
horizontal plane, to see the effect of displacement. A shape is felt to be flat (1) if its height
is smaller than absolute threshold value hqt = 0.034 - w + 0.022 (where s is 0.25-0.5 N/mm
and w is 20-40 mm), or (2) if force for its height h, calculated by h - s, is smaller than 0.18 N
(where s is 0.25-0.5 N/mm and w is 5-20 mm).
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Touching Real/Virtual Object. (a) When touching a real object, the re-

action force vector is perpendicular to the surface and its magnitude is

equal to the applied force. (b, c) With a position-input, force-output force

feedback device, the feedback force is usually calculated by the penetration

depth of the cursor.
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Fig.2 Haptic Illusion and Force Shading. Feedback force

directions (up), simulating those of a particular

shape (down), cause haptic illusion, even without
according displacement.
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Table 1 Experimental conditions. The same subjects conducted experiments with

stiffness = {0.25,0.375}. Six subjects out of nine were new in the experi-

ment with stiffness = 0.5.

Width w (mm) Stiffness start height in ascending start height in descending N
(N/mm) experiment (mm) experiment (mm)
0.25 9
00,0.1,02 12,14,16 (w=5,10)
5, 10, 20, 30, 40 0375 22,24,26 (w=20) 9
T 32,34,36 (w=30)
0.1,0.2,03 (w=5,10) 42,44 48 (wedO)
05 0.1,0.2,03 (W=20) L B 4. 9
' 02,0.3,04 (w=30) (3+6 new)
0.3,0.4,05 (w=40)
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