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Non-grounding Force Display Utilizing Nonlinearity of Human Perception

Tomohiro Amemiya ', Hideyuki Ando™', and Taro Maeda™

Abstract - This paper describes the design of a novel force perception method for
non-grounding force displays and the development of a handheld force display based on the
method. The force perception method is attributed to the nonlinear characteristics of human
tactual perception; humans feel rapid acceleration more strongly than slow acceleration. The
method uses periodic prismatic motion to create asymmetric acceleration leading to a virtual
force vector. A prototype of the handheld force display that generates one-directional force
using a relatively simple mechanism was built, and its performance was tested in terms of
both physical and perceptual characteristics. We verify the feasibility of the proposed method
through experiments that determine the display's motor's rotational frequency that maximizes
the perception of the virtual force vector. In addition, we examine the effect of the frequency
of acceleration change and the amplitude of force on implicit, functional judgment of the

i

perception of the virtual force vector.
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Fig. 2 Overview of a prototype of the haptic display
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Fig.3 Correspondence of the acceleration graph and the
motion of slider e. Slider e slides backwards and
forwards as crank b rotates. f oscillates around point 4,

and causes the slide to turn about the same point.
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Table 1 Combination of rorational frequency of motor and
mass of weights yielding equivalent force. Each
column is combination of the same amplitude of
force.

E— X DL ks

JE A [Hz] Cl 2 C3 C4
5 20 80
10 5 20 80
20 5 20 80
40 5 20

(RPOHALIT g)

T AROREREE THRES 2WBNaHEN Fld=a— b
DIFEANC K DS 28 m m & ZTONEE o ZHWNT F=ma
TREND. TTTol3E—ZOELEWESD 2 FIELBIT
%18 Foof* T 5.
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X2 BEREOT—XOEHLEWBEHIOREE
Y % IEA#R

Table 2 Percentage-correct scores comparing combinations
of frequency of acceleration change and force for
subjects AM, IT, and GK (top, middle, and bottom

TOW).
Subject AM
E—ZD[Aldx HEHOREE
A5 [Hz] Cl C2 C3 C4
5 86 100
10 98 96 88
20 64 54 58
40 57 46
Subject IT
E—Z DAl ok
A1 [Hz] Cl C2 C3 C4
5 78 89
10 79 98 82
20 60 81 56
40 55 39
Subject GK
E— X DO[EfL fhokRkEE
JEE AL [Hz] Cl 2 C3 C4
5 82 9
10 99 94 76
20 59 62 52
40 40 40

(KRPOHATIE %)
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Fig.8  Acceleration on linkages when the motor in the force

display rotates at constant speed with cycle 7 [s].
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Fig.9 Average percentage-correct scores v.s. amplitude of
force on slider considering weight of linkages and
slider.
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