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Haptic Sensation Enhancement for Tasks Using Single and Multiple Fingers via
A SCEH Remote Stochastic Resonance Effects
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Several tasks in our daily lives require a haptic perception, which results
from the stimulation of mechanoreceptors generated by the manual exploration
of an object. The haptic perception of the fingertip is very precise, which
allows an accurate appreciation of light touch, proprioception, and
discrimination. Due to a deterioration of the nerve endings in the finger
pulp, the haptic perception tends to be weaker, which leads to a decrease in
the haptic performance in our lives. To overcome this problem, enhancing the
haptic sensation of the user’s fingertip is crucial to have a better haptic
performance. This thesis proposes approaches that wutilize the Stochastic
Resonance effects via mechanical noise to enhance the haptic sensation of the
user’s fingertip while performing the tasks using single and multiple fingers,
where the mechanical noise for the stochastic resonance is applied at a remote

position away from the fingers.

Chapter 1 presents an overview of the scope and contribution of this thesis.
This chapter starts with an overall explanation of how important the human
haptic sensation is for several tasks. Moreover, this chapter discusses the
limitations that prevent the tactile sensation while the users perform the
tasks and the available solutions to enhance the human haptic sensation of the
fingertip. Next, this chapter explains the remote Stochastic Resonance
phenomena and their applications to enhance the haptic sensation of the human

fingertip. Finally, the main objective of this thesis is presented.

Chapter 2 reveals the motivation behind this study to understand how remote
SR effects can enhance the haptic sensation. This chapter aims to investigate
how the remote SR effects improve the haptic sensation of the human fingertip
while performing tasks. For this, we carry out the noise measurement at the
fingertip while the noise is propagated from the noise source to the fingertip.
After the noise measurement shows that the noise propagates from the noise
source to the fingertip proportionally, vibration discrimination is conducted
to examine the haptic performance when the noise is applied to the user with
several noise intensities. The outcomes show that the optimal noise level

plays a crucial role in enhancing the haptic performance

Chapter 3 reveals the remote SR effects for the multi—-finger task by conducting
a two—finger stiffness discrimination task while the mechanical noise 1is
applied to a user with a remote position of a noise source. Considering the
main feature of SR effects, this chapter proposes a method to enhance the

haptic sensation of the two fingertips with a single vibrator. Then, we carry
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out a two—finger stiffness discrimination while the participants are under the
proposed method. The results show the SR effects can enhance the haptic
sensation of two fingers even with a single noise source while the user
performs the multi-finger task. Furthermore, the position of the noise source
also plays an important role in increasing the haptic performance of the user.
Moreover, the SR effects aim to enhance the cutaneous perception, which results
in the overall haptic perception being enhanced even if the task requires both

kinesthetic and cutaneous perception.

Chapter 4 reveals the remote SR effects on motor learning by conducting a
force—matching task while the mechanical noise is applied to a user with a
remote position of a noise source. In today’s modern training using haptics,
the finger-holder, which is used to communicate with a virtual reality
environment, reduces the user’s cutaneous perception, which might lead to the
reduction of the training performance. This chapter proposes a motor learning
method with the SR effects and carries out the force—matching task. The results
indicate that the training performance when the noise is applied to the user

has a faster learning process.

Chapter 5 concludes the main findings and discusses future study problems.
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