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Abstract

Delivering the attributes of a data set to the user without any perceptual dis-
tortions is the most important requirement of data perceptualization. Penalty-
based method is one of the prevailing haptic rendering method which was
shown to result in distorted perception of surface topography that has vary-
ing stiffness. The force constancy theory, which states that the user generates
invariant contact force level when s/he strokes a surface to perceive its topog-
raphy, was proven to well account for this phenomenon. This paper proposes a
new haptization algorithm named Topography Compensation Algorithm(TCA)
that resolves the problem of the penalty-based method. TCA is computationally
efficient and delivers topographyinformation consistently with virtual models.
When the force direction is varied using virtual surface normals, penalty-based
algorithm may render the same surface differently depending on operating con-
ditions, but TCA does not. Since TCA uses the compensated position rather
than original surface position, it is subject to two problems. One is rendering
surface heights differerent for each exploratory procedure, and the other is er-
ror accumulation. Using the human motion characteristics of slope perception,
we developed the method of restoring the compensated height to the original
height. TCA expanded by this method was shown to resolve the two artifacts
by a psychophysical experiment.
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Which plane do you feel to be higher?
Left[1] or Right[2]
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= SR S
(6)

HIP(n — 1)3 HIP(n)E 9= W (Vector)$} 7}4F o] AE3s AL QA7
SCP’ SC Py A2 3T CSPE Tha 3} o] 31 & 4] 4.2% 0] 830] A7}
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HIP(n) — SCPipp(n)
|HIP(n) — SCPuy(n)||
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A9 AXE BTk (5)9 (6)2 3% HIPE 7Hg el 9] 3o] 2A157] w20
SCP¢} CSPE 7344 931 9€ A okA btk 181} (@9 390l HIP7
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CSP(n) = SCP(n) + Sy(n) (6.1)
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6.1 A3 1A Gy =,

if HIP(n) is outside of a virtual model

if HIP(n) — HIP(n — 1) collides with the virtual model
get SCPyyp(n) using HIP(n). (Eqn. 3.3)
get Si(n). (Eqn. 3.7)
restore height. (Eqn. 5.2)
get CSP (Eqn. 6.1)
if S, <0
force = 0// case (5)
else
if ||CSP(n) — SCPynp(n)|| > ||HIP(n) — SCPipp(n)||
generate force (Eqn. 4.2) // case (3)
else
force = 0// case (6)

else

force = 0// case (5), (6)
else

get SCPyy,p(n) using HIP(n). (Eqn. 3.3)

get Si(n). (Eqn. 3.7)

restore height. (Eqn. 5.2)

get CSP (Eqn. 4.1)

if CSP(n) — HIP(n)-SCP(n) — HIP(n) <0
force = 0// case (4)

else
generate force (Eqn. 4.2) / case (1), (2)
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