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Development of a Prototype Sensory Device as a Substitute for Single Sided Deaf People in
Developing Nations
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Hearing loss is the inability to hear sounds ranging from 20 decibels or more in one or
both ears. It can affect one or both ears and leads to difficulty in hearing speech or sounds
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in general. Single-sided deafness or unilateral hearing loss is a very widespread disability.
However, most people only see hearing loss as being a binary problem assuming that you
either have perfect hearing in both ears or are completely deaf in both ears, and dismiss
the other types of hearing loss. Sensory substitution involves remapping the information
gathered by one sensory receptor to another. Sensory receptors regardless of the signals
they receive or capture, all encode the gathered information as electrochemical signals.
This biological property of sensory receptors, coupled with the human brain’s
neuroplasticity allows sensory receptors to be substituted, giving rise to new methods of
sensory perception. This study aims to develop a sensory device known as a localizer. The
localizer detects sound using numerous sound sensors, and feeds the input to the
microcontrollers which then use the input to control the eccentric mass motor by
implementing various motor drivers. The results gotten from this prototype device shows
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great improvement in the ability of a single-sided deaf person to localize sound.

1. INTRODUCTION

Single sided deafness or unilateral hearing loss is a very
widespread disability. However, most people only see hearing
loss as being a binary problem assuming that you either have
perfect hearing in both ears or are completely deaf in both ears
and dismiss the other types of hearing loss. Single sided
deafness implies that there is a significant decrease in hearing
or complete deafness in only one ear. It could be temporary or
permanent and it greatly affects how the sufferers perceive
sound. There are plenty reasons for why single sided hearing
loss occurs, for example, it could be caused by trauma to the
head, a very loud sound exceeding and sustaining 90 decibel
and above. It could be caused by diseases or infections such as
an Acoustic neuroma, Encephalitis, Meningitis, Lyme’s
disease, etc. [1, 2]. The problems of the cochlea implant and
other available hearing assistive devices like the Sonus
Soundbite hearing aid underscore the need for a low-cost non-
invasive solution, which is what this research aims to achieve
through sensory substitution for developing nations.

Across the central nervous system in human beings, all the
information captured by sensory receptors (the eyes, the ears)
are all ultimately transmitted to the brain using electrical
impulses, this, coupled with the brains’ ability to rewire itself
(neuroplasticity), any model of sensory input can be given to
the brain through the nervous system and the brain will learn
to extract any information it needs from the signal or sensory
input 3, 4].

The first sensory substitution study was performed in 1969
by Paul Bach-y-Rita. Paul Bach-y-Rita is known as the father
of sensory substitution for his extensive work and research into
the field of neuroplasticity. Bach-y-Rita first proposed the idea
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of sensory substitution as a way to treat patients with
neurological conditions. The first application of his research
was a chair that allowed blind people to gather visual
information. The study involved passing visual information to
blind people using tactile feedback [S]. A number of studies
have looked into the effect of hearing loss on interaural time
differences, and have found a clear trend for poor localization
and lateralization in people with unilateral or asymmetrical
hearing damage. This is due to the difference in performance
between the two ears. However, they did not find significant
localization problems in individuals with symmetrical hearing
losses [6-9].

Regardless of the cause of the unilateral hearing loss, any
individual with this disability will have to adapt to a different
way of processing sound. The human brain processes
information like distance, location, direction and height or
depth and even velocity from sound by using the difference in
the audio input gathered by both ears. Since the human ears
are located at different parts of the head and are separated from
one another, sounds reach the ears at different volumes and
slightly different times allowing the brain to use the difference
to calculate exactly where the sound is coming from. This
phenomenon is called sound localization.

The problems of single sided deafness are the loss of sound
localization, Understanding or following conversations in the
presence of loud background noise and locating sound from a
single source in an open or large environment. The aim of this
study is to develop a device to solve these problems. The
development of this non-invasive sound-to-touch sensory
substitution device will be subjected to auditory experiments
with single sided deaf adults to determine if there is an
improvement in their ability to localize sound while using the
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device. The methodology and result obtained from this study
are discussed extensively.

2. MATERIALS SELECTION

The components selected for the development of the
sensory substitution device were defined based on the design
requirements, capacity, size affordability and specifications.
The following components were selected.

e Sound Sensors: These were required for sensing acoustic
events, two types of sound sensors were selected which
are the KY-038 sound sensor and the INMP441 sound
sensor as shown in Figure 1.

e L298N Dual Bridge Motor Driver: The L298N module is
a high voltage, high current dual full-bridge motor driver
module for controlling DC motors and stepper motor

It can control both the speed and direction of two DC motors
simultaneously. The board equipped with power LED
indicators, on-board +5V regulator and protection diodes as
shown in Figure 2a. Another device is a vibrator more which
is a custom design Eccentric Rotating Mass (ERM) motors as
shown in Figure 2b. Applying a voltage across the motor
causes it to spin the weight, Increasing the voltage spins the
weight faster, increasing the vibration frequency and force
[10]. Other components include a micro-controller which
serve as the brain behind the whole process, an Arduino Uno
micro controller was choosen. A dev kit board which consists
of an ESP32 module with integrated antenna and RF balun,
power amplifier, low-noise amplifiers, filters, and power
management module as shown in Figure 2c.

Figure 1. (a) KY-038 sound sensor module, (b) INMP41
omnidirectional sound sensor
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Figure 2. (a) L298N Dual Bridge Motor Driver (b) Eccentric
Rotating Mass vibration motor , (¢) DOIT ESP32 Dev Kit V1

3. METHODOLOGY
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Figure 3. The localizer with the connections on a jacket(a)
the inner (b) the outer appearance

Figure 4. Circuit Diagram of the sensory substitution device



For the build-up of the sensory device, wires were soldered
to the 5v DC motors, and the motors were connected to the
L298N Motor drivers. Two motors were connected per motor
driver. The L298N motor drivers were connected to the
microprocessors. Two L298N were connected to the Arduino
Uno R3 and the last one to the ESP32. The sound sensors were
connected to the microprocessors. The two KY-038 sound
sensor were connected to the Arduino Uno R3 and the two
INMP441 sound sensors were connected to the ESP32 as
shown in Figure 3. The mode of operation of the prototype
device consists of a sound sensor that detects sounds ranging
from 10dB to 80dB, the Arduino Uno receives the signal from
the KY-038, while the DOIT ESP32 Dev Kit V1 receives
signals from the INMP441 sound sensor [11]. They both store
the data and relay it to the corresponding motor driver. The
L298N motor driver receives the signal from the Arduino Uno
and The ESP32 powers the 5v DC motors accordingly. After
the acoustic event has ended, the Arduino and ESP32 send
signals to the L298N motor which powers down the DC
motors. The Microcontrollers wait for another input signal

within the sound sensor detection range then repeat the process.

The circuit diagram is shown in Figure 4.

4. RESULTS AND DISCUSSION

The Sensory Substitution device used for testing will be
referred to from here on as The Localizer. The interface
through which participants interacted with the localizer was
run completely offline without reliance on a computer for
power source. Three sets of custom experiments were
conducted to test the efficacy of the localizer. The first set was
the binaural sound localization test, the second set was
Monoaural Left sound Localization test and the Third set was
the Monoaural Right sound localization test.

4.1 The binaural testing method
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Figure 5. The result of the binaural testing method for the
single sided deaf adult

This testing method involved placing the subjects in the
center of a room, six speakers were set up around the subjects
and the subjects were blindfolded to eliminate audio-visual
cues. Sound was played at random from each speaker at a time
to emulate random acoustic events present in everyday life.
The blindfolded subjects were then asked to point out which
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speakers produced the sound. The test was conducted with
each subject, and testing involved the localizer being worn and
without the localizer and the result is presented in Figure 5.
The purpose of this experiment set was to obtain a baseline for
sound localization in both the normal hearing subject and the
unilaterally deaf adult.

The tests conducted with this method showed a high
improvement in the ability of a single sided person to localize
sound, surprisingly enough the Normal hearing adult saw
improved scores in the sound localization tests from using the
localizer, even though the normal hearing adult was not
considered at any point during the design specifications and
analysis.

4.2 The monoaural left testing method

This testing method involved placing the subject in the
center of a room, four speakers were set up around the subject
on their left side and the subject was then blindfolded and
made to wear earphones in their left ear. Sound was played at
random from each speaker to emulate random acoustic events
present in everyday life. This test was conducted twenty times
in total, five times with each speaker to obtain a reasonable
accuracy average. The test was conducted with each subject,
and testing involved the localizer being worn and without it
being worn. Note that the unilaterally deaf subject is
completely deaf in their left ear and was not required to wear
the headphones during this testing phase.
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Figure 6. The results of the monoaural left testing method for
the normal hearing adult

The purpose of this experiment set was to determine how
well the subjects could localize sounds coming from the
direction their non-hearing ear. The accuracy of detection was
based on five tests, which were scored correct or incorrect
based on the response of the subject, where correct was 1 and
incorrect was 0. The accuracy results were then calculated by
using the percentage of the averages.

For example: Speaker FFa+b+c+d+e
Accuracy = x/5 * 100

= x

where, a, b, ¢, d, e are different tests with each speaker, x is
the sum total of the test results of each speaker.

FF = Front Forward, FR = Front Right, FL = Front Left, BL
= Back Left, BR = Back Right, BB = Back Backward.

This method of testing shows a major improvement in the
ability of the single sided deaf adult to localize sound coming
from their non-hearing side as shown in Table 1. An
interesting thing to note from this experiment set however is
the results of the normal hearing adult who performed



considerably poor, even more so than the single sided deaf
adult in the tests conducted with and without the localizer,
Showing the normal hearing adult’s extreme reliance on
binaural hearing and further providing proof for the existence

of neuroplasticity and the benefits it provides in improving the
sound localization ability of unilaterally deaf people. The
result is presented in Figure 6.

Table 1. Results of the monoaural left testing method

Subject Distance from subject Accuracy of detection Status

Normal Hearing Adult 5m (FF Speaker) 80% With device
5m (FL Speaker) 40%
5m (BL Speaker) 40%
5 m (BB Speaker) 20%

Normal Hearing Adult 5m (FF Speaker) 40% Without device
5m (FL Speaker) 20%
Sm (BL Speaker) 0%
5m (BB Speaker) 20%

Single sided deaf Adult 5m (FF Speaker) 80% With device
Sm (FL Speaker) 60%
Sm (BL Speaker) 40%
Sm (BB Speaker) 60%

Single sided deaf Adult 5m (FF Speaker) 60% Without device
Sm (FL Speaker) 20%
Sm (BL Speaker) 0%
Sm (BB Speaker) 60%

4.3 The monoaural right testing method

This testing method is very similar to the “Monoaural Left
Testing Method” and it also involved similar testing
conditions, The only variations being that the Speakers were
set up on the right side of the subject and the subjects were
made to wear headphones in their right ear, playing white
noise, to simulate the experience of a single sided deaf person.
Note that the unilaterally deaf subject was not made to wear
the white noise headphones in their right ear, as that would
essentially make them completely deaf. The purpose of this
experiment set was to determine how well the subjects could
localize sounds using only one ear and the result is presented
in Figure 7.
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Figure 7. The results of the monoaural left testing method for
the single sided deaf adult

This method of testing like the monoaural left testing
method shows an improvement in the ability of the single
sided deaf adult to localize sound. The localization scores of
the single sided deaf adult when tested without the localizer
was on average higher than the results of the monoaural left
testing method. This is due to the fact that the single sided deaf
person has perfect hearing in their right ear and was not made
to wear the white noise headphones, The finding of this study
is in agreement with similar studies, especially for the back-
backward (back center) position which the device couldnt
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locate the sound. The normal hearing adult without any
hearing problem usually have difficulties in localizing sound
at the back center position due to the damage of the pinched
nerves as a result of the frequent exposure to loud noise
overtime, usually with adults from 40 years and above [12, 13].

5. CONCLUSIONS

This study has explored the loss of sound localization
sensory modalities and developed a prototype sensory
substitution device to overcome the problem of sound
localization often seen with the unilaterarily deaf people. The
following conclusions can be drawn from our findings;

e A cost-effective localizer can be made for developing
nations to help to overcome the challenges faced by the
unilaterally deaf people which are often ignored since
they are not majorly considered under physical disability.

e Scheduled audiology tests should be done by everybody
at least once a year to easily detect or mitigate any risk of
hearing loss, as most people only hear sounds with one ear
without knowing.

e Users of mobile phones should avoid exceeding 85dB of
sound while using headphones, as the hearing loss
warning on their devices was put in place for their own
protection.
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