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ABSTRACT

This paper investigates the factor influencing the design of vibrotactile sensory substitution system for prosthetic
hand. The coin motor is used as the vibrotactile stimulator because of its smaller size and cheaper price. This study is to
develop a vibrotactile system to study the possibility for finger localization feedback. Three types of stimulator
configurations and three level of vibratory frequency were tested in this study, which are vertical, rounded and u-shape
configurations. Seven subjects were participating in the experiment and total of 255 stimuli were given to each subject. The
results demonstrate that U-shape configuration and higher vibratory frequency is the best vibrotactile placement for finger

localization feedback.

Keywords: vibrotactile sensory substitution, haptic, stimulator configurations.

INTRODUCTION

In recent years, the development of prosthetic
hands has shown many improvements. All these hands are
quite similar to natural hand as well as have similar
appearance and function. The main problem that keeps
new prostheses from being fully used is the cost of the end
product. Many of the people who require prosthetic limbs
are people who cannot afford the state of the art
prostheses. In order to improve the problem, there are
suggested improvements for prosthetic hand such as lower
cost, fine control of fingers and provide sensory feedback.

However, the control capability between the user
and the prosthetic hand is leak in term of sensory feedback
from the prosthetic hand to the user. This is the major
reasons on why the prosthetic hands cannot fully exhibit
their capabilities. In addition, there is no commercially
available sensory feedback system using non-invasive
method for prosthetic hand today. Several sensory
feedbacks modalities have been developed such as
vibrotactile feedback, electrotactile feedback,
mechanotactile feedback, invasive method and pressure
tactile feedback. Among all of these modalities, non-
invasive methods become the most chosen method rather
than invasive method. The non-invasive methods are
vibrotactile, electrotactile, mechanotactile and pressure
feedback. Among all this non-invasive method, only three
methods mostly use in research. There are vibrotactile,
electrotactile and pressure. All this methods have shown
improvements in sensory feedback for prosthetic hand.

Nowadays, vibrotactile feedback becomes the
most popular method to restore perception of senses.
Vibrotactile sensory feedback system 1is where a
mechanical vibration of the skin used to convey the
sensory information. Vibrotactile stimulation for feedback
system is cheap, non-invasive and easily use into
prosthetic technologies [1]. Compare to other modalities
use as sensory feedback such as electrotactile and
mechanotactile, still vibrotactile feedback become a
famous modality among researchers to become the ideal
sensory feedback substitution.

Vibrotactile substitution systems were applied on many
type of application. Several researchers were use
vibrotactile substitution system as a force feedback or slip
feedback for prosthetic hand [2] [3] [4] [5]. Even the
application was same, but there are still differences in term
of type of actuator used, types of modulation applied and
stimulation sites. The outcomes of this study shown the
capability of vibrotactile substitution system have a better
performances compare to no feedback situation [6]. But,
there is still weakness in term of accuracy and
effectiveness of the system. Another application is
vibrotactile substitution system used to provide the
visually disabled with sense of color [7]. This system able
to completed color to tactile sensory substitution system
and only need a few minutes of training for users to obtain
accurate results. This system use pulse coded
representation which map four colors per finger onto one
actuator. The result of this research has shown the
capabilities of vibrotactile substitution system.

Another  application was applied using
vibrotactile substitution system is for artificial touch
sensors in multifingered prostheses [8]. This researcher
uses a vibel which composed of three identical miniature
motors as their stimulator. The outcome of this research is
the system only able to discriminate three sensations to the
user which is still not enough to cover up all sensation for
natural hand. The vibrotactile substitution system also
applied for virtual object manipulation [9]. These systems
try to compare the performance of amplitude modulation
and pulse train frequency modulation. The results shown
that amplitude modulation provides better feedback for
object manipulation. Vibrotactile substitution system
outcome is compromising, but for each application depend
on several factors such as type of actuator, stimulation site
and modulation technique.

In this paper, we demonstrate the feasibility of
using vibrotactile to provide feedback for finger
localization for prosthetic hand. Finger localization allows
amputees to acknowledge the grip pressure from each
individual finger of the prosthetic hand. If finger
localization feedback is achieved, improvement on the
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prosthetic hand such as slip detection and shape
identification could be realized. The objective of this paper
is to evaluate the performance of finger localization
feedback for prosthetic hand using vibrotactile stimulation.
Three different configurations of vibrotactile arrangements
and three different vibratory frequencies are analyzed to
investigate which is better for vibrotactile feedback.

METHODOLOGY

Experimental setup

A small coin/pancake motor (1 cm diameter, 0.3
cm height, iINEED (HK) Limited, Shenzhen, China) as
shown in Figure-1 was used in this study. These pancake
motors were chosen because it showed a good result [10].
All coin motors were driven at a constant voltage of 5V,
which resulted in clearly tangible sensations and
stimulation frequencies between 50 and 150 Hz. These
motors generate the vibration by rotating an unbalanced
mass. The coin motor rotates in a plane parallel to the
surface. Since the perceived magnitude of the vibration
mainly depends on the frequency, a frequency-chart was
recorded. The maximum frequency of this coin motor can
be achieved is 140 Hz. The frequency of this coin motor
was measured by using accelerometer ADXL335. This
accelerometer was a buffered +/- 3 G sensitivity range and
operated in tri-axis mode (X, Y, and Z). The accelerometer
had up to 360 mV/G sensitivity, as well as a bandwidth of
500Hz.

Figure-1. Coin/Pancake motor.

In total of five coin motors corresponds to each
individual finger of a prosthetic hand were used in this
study. Three types of configuration were designed in order
to verify its performance as finger localization feedback
for prosthetic hand. The configurations are vertical,
rounded and U-shape configurations as shown in Figure-2.
The distance between every coin motor for all
configurations is kept constant at 3 cm. The stimulators
placed on the upper arm by using double-sided tape with
thickness 0.3mm.

Calibration

Calibration frequency of coin motor was done. At
least 10 trials were performed to define the frequency
interest (150 Hz, 130 Hz and 100 Hz). Verification of the
frequency level was achieved by affixing the
accelerometer directly on top of the coin motor and
receiving data only in the z-axis of the accelerometer.

Analog Discovery and WaveForms software from Digilent
Inc. were used for this process that averaged over time a
FFT analysis of the voltage signal from the accelerometer.
This provided us with a frequency spectrum graph that
showed us the vibratory frequency of coin motor. Figure-3
shows 3 vibratory frequencies used for this study.

Subjects

Experiments were performed on 7 healthy
subjects (26 + 3 years). All subjects did not have any
experience before with vibrotactile stimulation and did not
have any skin or sensory problem on upper arm.

Vibrotactile configuration

In this experiment, the accurate recognition of
vibrotactile stimulation was assessed. The motivation of
this experiment was to figure out the best configuration of
stimulator of the upper arm’s perimeter in distinguishable
areas. 3 vibrotactile configurations were tested as shown in

Figure-2.
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Figure-2. Different configuration of vibrotactile
arrangement.
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Figure-3. Different vibratory frequencies.
Table-1. Nine sessions experiment.
Session 1 2 3 4 5 6 7 8 9
Vibratory
Frequency 150Hz 130Hz 100Hz 150Hz 130Hz 100Hz 150Hz 130Hz 100Hz
(Hz)
Vibrotactile . . . ]
. Vertical configuration Rounded configuration U-shaped configuration
configuration

Experimental procedures
Each subject will undergo 9 session of

experiment with different vibratory frequency and

frequency.

vibrotactile configuration and one types of vibratory

In the experiment, one of the five vibrotactile is

different vibrotactile configuration. Table-1 shows the
flow of the experiment. Each session was use one type of

activated for 3 seconds and the subject is required to
distinguish and clearly perceive where the feedback
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stimulus is originating from. Total of 25 stimuli were
given for each session. Total of 75 stimuli were given for
each configuration configurations and three vibratory
frequencies. In summary, 225 stimuli were given to each
subject. The sequence of the vibrotactile to be activated is
randomly generated during the experiment.

Performance index

The number of stimuli that was correctly
identified by the subject is computed. At the end of the
experiment, the accuracy (in percentage of 100) is
calculated for each configuration. Finally, the average of
the accuracy for all the subjects is compared among three
different configurations.

RESULT AND DISCUSSIONS

Objective evaluation

Figure-4 shows the result for the whole
experiment. For vertical configuration, the 150 Hz
vibratory frequency score 81.71+£14.76%, while the 130
Hz and 100 Hz vibratory frequencies score 80+15.49%
and 73.14+16.93%. As expected, the 150Hz vibratory
frequency performed better than the 130Hz and 100 Hz
vibratory frequencies. For rounded configuration, the
score was almost same with vertical configuration. The
150 Hz vibratory frequency score 86.29+9.48%, while the
130 Hz and 100 Hz vibratory frequencies score 82.86+
16.28% and 80.57+16.56%. The score show that the larger
the vibratory frequency, the better the performance.
Rounded configuration performs more accurate than
vertical configuration. For U-shaped configuration, the
score is slightly different from previous configurations.
The 100 Hz vibratory configuration score the best result,
90.29+10.29% compare to 130Hz and 150Hz vibratory
frequency which score 84.57+12.95% and 85.71+£14.58%.
This result shows that, by using U-shaped configuration,
the vibratory frequency was not a major factor to evaluate
the accuracy of this system.

Figure-5 shows the result for different frequency.
This result corresponds to the investigation from other
researcher [11] that conclude that the larger the vibratory
frequency, the more accurate the system. The score for
150 Hz vibratory frequency is 84.57+12.68% while the
130 Hz and 100 Hz vibratory frequency score were 82.47
+14.34% and 81.33+15.87%.

Figure-6 shows the performance of the system by
using different vibrotactile configuration. Among those
configurations, vertical configuration demonstrates lowest
performance where only 78.29+15.42% of the stimuli was
accurately distinguished by the subjects. On the other
hand, in average accuracy of 83.24+13.95% was achieved
using round configuration. This result is better than
vertical configuration due to more suitable location of
stimulator. Subjects were easy to locate the vibrator either
it is from upper or lower part of human upper arm. Finally,
U-shape configuration deliver the highest accuracy which
is 86.86+12.34% compared to others. This is due to its
arrangement of stimulator. The arrangement covers all part

of upper arm. This make the subject were easier to locate
the stimulator.

Subjective evaluation

All subjects were in complete agreement that the
vertical configuration is the hardest configuration in order
to distinguish accurately and clearly perceive where the
feedback stimulus is originating form. They preferred the
u-shape configuration as five vibrotactile cover all parts of
upper arm which increases empty space between coin
motor. In addition, U-shape configurations is Dbetter
compared to rounded configuration because the subjects
feel it is easy to distinguish where the feedback stimulus
coming from. During the experiment, some of the subjects
also mention that they need more focus while conducting
the experiment. For future work, the experiment will be
conducted in a quiet room in order to make the subject
more focus during the experiment.

Index performance for overall experiment
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Figure-4. Result for overall experiment.
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Figure-5. Result for different frequency.
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Figure-6. Result for different configuration.

CONCLUSIONS

In conclusions, subjects were able to distinguish
the stimulator coming from. It is proven that different type
stimulator configurations gives different result in term of
accuracy. The U-shaped configuration has more superior
result compare to vertical and rounded configurations.
Higher vibratory frequency resulted better performance.
Future work will try other type of stimulator with higher
frequency by using U-shaped configuration.
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