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Multiplexing Display of Haptic Information

Shunsuke Yoshimoto

Abstract

In this research, a design theory of haptic display according to value of the
application has been led based on a new concept, multiplexing display of sensory
information. Especially, this research is assuming that everybody uses a haptic
device according to his/her demand in order to spread the haptic technology.
Multiplexing display of sensory information is a sensory display technology in
which multiple different sensory information are simultaneously sent to the brain
through single modal sensory pathway as an analogy of multiplexing technology
in telecommunications. Traditional superimposed image and synthesized sound
technologies are involved in this concept. As for haptics, multiplexing display is
a challenging problem because the devices mechanically interfere with presented
information.

Haptic sensation includes kinesthetic and tactile sensations. This research takes
presenting both kinesthetic and tactile sensations as the requirement of multi-
plexing display of haptic sensation. Because touch includes real movement, the

possible multiplexing methods are categorized as follows.

1. Superimposing an artificial sensation to an artificial sensation (VR)
2. Superimposing a real sensation to an artificial sensation (AV)

3. Superimposing an artificial sensation to a real sensation (AR)

Mechanical information by touch will be converted to the tension in muscle
and skin deformation and conveyed to the brain according to the activities of
multiple receptors. This research divides the haptic pathway into six layer, object,
instrument, skin, receptor, nerve and brain. In principle, haptic sensation can

be presented by controlling any layer. In terms of multiplexing, the controlled
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layer which is closer to object seems to enable users to perceive higher quality
sensation, while the controlled layer which is closer to brain seems to enable
users to perceive more functional sensation. This research proposes multiplexing
methods in object, receptor and nerve layer respectively.
(1) Multiplexing display by object control

As for object control haptic device, complex haptic sensation can be obtained
from the controlled object itself, however the real sensation is completely dis-
turbed by the device. Therefore, a haptic stimulus in object layer satisfies the
conditions of multiplexing display in VR. This research proposes an object control
haptic device by using dilatant fluid whose viscosity can be controlled by changing
the density of the particle in order to present both kinesthetic and tactile sensa-
tions at the same time. The sensory evaluations of presented sensations during
lateral motion indicate that the proposed haptic device can present multiplexed
haptic sensation.
(2) Multiplexing display by receptor control

As for receptor control haptic device, the device attached to the skin disturbs
real tactile sensation, while both real kinesthetic and artificial tactile sensations
can be presented at the same time due to its small and simple stimulator. There-
fore, a haptic stimulus in receptor layer satisfies the conditions of multiplexing
display in AV. This research proposes a method to present roughness sensation
according to the surface shape by using single electrical stimulus with the real
haptic exploration. The subjective experiments show that users can discriminate
the presented sensation in terms of roughness degree by multiplexing artificial
tactile sensation and real following exploration.
(3) Multiplexing display by nerve control

As for nerve control haptic device, the quality of the presented sensation is
not sufficient because of its low spatial resolution, while the real touch is not
mechanically disturbed by the device. Therefore, a haptic stimulus in nerve layer
satisfies the conditions of multiplexing display in AR. This research proposes
transcutaneous electrical nerve stimulation at the middle phalanx of a finger to
superimpose the artificial sensation to the real sensation without disturbing real

touch. The evaluations in pressing motion with finger and a tool navigation by
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using proposed device indicate that the artificial and real sensation are fused and
the tool manipulation can be navigated in high accuracies.

In summary, the control layer close to the object is valuable to enhance the
virtual sensation, while the control layer close to the brain is valuable to en-
hance the real touch function. The research about multiplexing display of haptic
information contributes to the design theory of haptic device according to the
“Quality” or “Functionality” of the information, and leads haptic display to be-

come a common technology.

Keywords:

Multiplexing, Display, Haptics, Mixed Reality, Dilatant fluid, Electrical stimulus.
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