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Abstract - Hearing loss is a commonly occurred problem
that develops with aging or caused by repeated exposure to
loud sound levels. Hearing loss occurs as a result of sound
signal not reaching to the brain. Audiometry is the process
of measurement of hearing ability by which an audiologist
performs hearing test to a person using a device called
audiometer. In this process, hearing level is measured by
passing audio signals from lower frequencies to higher
frequencies through ear phones. The patient gives response
to the heard sound pitches whether it is audible or not. The
method we propose implements an automatic audiometric
signal generation using an audio signal generator which is
controlled by a microcontroller. The patient can give the
feedback response using a ‘Yes’ or ‘No’ switches thought
which the system process the collected data and compares
with the played frequencies and calculate the hearing
ability which can be displayed during the end of the testing
process.
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I.INTRODUCTION

Hearing loss is one of the key issues because it is an
abnormality often with non painful symptoms. The hearing
loss affects children in developing communication skills,
communication difficulties often leading to social separation.
It also occurs in elderly persons over the age of 60 year and
contributes to difficulties in speech conversation. Hearing
testing is an examination of a person’s ability to hear sounds
which is done by an audiologist [1]. An Audiometer is often
used for performing audiometric tests. The test is used to
found out and problems in hearing portion of the inner ear. If
there is a problem in the middle ear or ear canal, then it is

known as conductive hearing loss, in which the movement of
sound is blocked to pass the inner ear [2]. Hearing loss is
measured as loudness in decibels versus frequency of the
sound waves used for testing. The results of the hearing tests
are plotted on an audiogram conventionally. But this method
of manual testing and manual plotting introduces human
error which reduces the accuracy of test and also this is a
time consuming process [3], [4]. So a system that supports
different hearing test under one setup with reduced testing
time period is a necessary for audiologists.

Hearing loss is mainly classified into four types as:

Mild Hearing Loss: 20-40 dB — One cannot hear soft
sounds and struggle to hear or understand speech in noisy
environments.

Moderated Hearing Loss: 41-70 dB — One cannot hear
moderate sounds and having difficulty in understanding
speech when there is background noise.

Severe Hearing Loss: 71-95 dB — One have to ask people
to raise their voice to understand the speech and group
conversions are extremely difficult.

Profound Hearing Loss: 71-95 dB — One can hear some
very loud sounds and communication with others is almost
impossible without hearing aids.

a) Process of Audiometry

With ear phones the person under test can hear tones of
different frequencies, testing one ear at a time. The intensity
of each tones are varied to find the lowest level up to which
one can hear sounds which is then used as the threshold for
that tone [5].
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Figure.1 Process of Audiometry

b) Degree of Hearing Loss
The hearing threshold differs with different
frequencies and typically there is a greater loss for

higher frequency audio tones.

Table.1 Degree of Hearing Loss

Hearing Degree of Hearing
Loss range Loss

(dB)

-10 to 15b Normal

16 to 25 Slight

26 - 40 Mild

41 -55 Moderate

56 — 70 Moderately - Severe
71-90 Severe

>90 Profound

II. METHODOLOGY USED

Here we propose a unique a testing technology that
allows audiologists to perform a wide range of hearing
tests for identifying the type of hearing loss in patients.
The system we implement here automatically estimates
the hearing levels by using user feedback response to
each of the audio tones at different decibel levels.

A wide frequency range audio oscillator produces
tones ranging from 200Hz to 12 KHz. The frequency of
the audio signals is controlled by a microcontroller which
randomly chooses different frequencies to be generated.
The test begins when the start button is pressed and the
instruction is displayed in a LCD. The test subject hears
those audio tones played through headphones and after
confirming the heard test tone they provide the feedback
through corresponding push buttons. Microcontroller
stores the frequencies played and the given feedback of
the user and cross check the database and estimates the
hearing level to different frequencies and the total hearing
level percentage [6].

The output of the audiometry result is displayed in an
LCD display where the audiologist can know the hearing
ability of the tested person. This system reduces manual
effort and errors by automatically perform the complete
hearing tests and also displaying the results immediately
[7], [8]. The overall time taken for performing the test
also gets reduced with a highly accurate result
calculation.

The test frequencies used ranges in order of 1k, 2k, 3Kk,
4k, 6k, 8k, 10k, 12k, 200, 400,650 and 850Hz. Each ear is
tested separately; when one ear is tested then the other ear
is tested according to displayed instructions [9]. The test
data and the results of the subjects are stored temporarily
to the memory of microcontroller and after the finish of
test the display shows the results of audiogram.




International Research Journal of Innovations in Engineering and Technology (IRJIET)

=

\
//‘
IRJIET
I1l. PROPOSED SYSTEM

a) Atmega8535 microcontroller:

The core function of the system is controlled by
Atmega8535 microcontroller which is a low-power 8-bit
microcontroller based on RISC architecture. Here port B
is configured as digital input which accepts input signals
from the button controls. Port A and port C are
configured as digital outputs.
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Figure.2: Proposed Block Diagram
b) Doctor Switch:

To start the test, doctor has to press this button. After this
the audiometric test executes automatically by playing
different tones sequentially.

Volume 1, Issue 1, September-2017

c) Patient Response Switch:

During test process the subject has to press either ‘Yes’
switch or ‘No’ switch after the displayed instruction to
record whether he/she heard the tone or not.

d) Audio frequency Oscillator:

In this hardware, 1CL8038 chip is used for building audio
oscillator circuit. This oscillator is configured to produce
pure sine wave AF signals under the range of 200 Hz to
15 kHz.

e) Frequency Control:

Frequency of oscillations in AF oscillator is set by
frequency control circuit. This consists of a set of relays
and capacitors in which RC values are selected under
different combinations to set the frequency of tones to be
generated from the oscillator circuit.

f) Audio Power Amplifier:

A 1Watt IC amplifier build using TDA2822 amplifies the
audio tones from the oscillator to various dB levels as set
by the microcontroller. The gain of audio signal is
boosted and given to a pair of ear phones where the
patient can hear multiple test tones.

g) 16X2 LCD Display:

The display used here is HD44780 16x2 LCD which is a
2line alphanumeric display. Instructions during the
testing and test results are displayed using this display.

h) Power Supply unit:

Here a 12v and 5v regulated power supply is used to
power the entire system. 5v is given to all the digital
interfaces and 12v is given to frequency control unit and
audio circuits.

IV.RESULT AND DISCUSSION

The system prototype is constructed and tested for
different frequency and decibel levels under hearing
range. A sample test is done in which a total of 16
different tones and 5 decibel levels are played. Results
are obtained based on the user response to the sounds and
a hearing ability is calculated. The total times taken for
completion of tests are in range of 90-120 seconds for
both ears.

wWww.irjiet.com




International Research Journal of Innovations in Engineering and Technology (IRJIET)

~ =
™

IRJIET

Prototype of Hardware

The system prototype is designed as shown if fig. The
audio power amplifier and AF oscillator circuits are
assembled in a general purpose dotted PCB. The
microcontroller, push buttons and frequency selection
unit are assembled on a printed PCB. All the systems are
wired together and output is connected to a 8ohms ear
phone ready to be used for testing purpose.

Figure.3: Prototype of Hardware Model

V.CONCLUSION

We developed a multi featured method of hearing
assessment by designing an audiometer with auto
functionality which can perform hearing tests with one
touch control. Our interactive design reduces the effort of
audiologists and test subjects in testing process. In
addition the mean test time was reduced significantly
because of auto configuration of the test tones. We
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conclude that the developed system is best suitable for
clinical audiometric tests with significant result accuracy,
reduced effort and testing time.

REFERENCES

Sureewan Jangjit and Mahasak Ketcham, “A Survey of
Hearing loss and Hearing Aids”, Int'l Conference on
Advanced Computational Technologies & Creative
Media (ICACTCM’2014) Aug. 14-15, 2014 Pattaya
(Thailand).

M. Mielke and R. Brueck. Design and evaluation of a
smartphone application for non-speech sound awareness
for people with hearing loss. In Engineering in Medicine
and Biology Society (EMBC), 2015 37th Annual Int.
Conf. of the IEEE, pages 5008-5011, 2015.

P. Sun, J. Qin, and W. Qiu, “Development and validation
of a new adaptive weighting for auditory risk assessment
of complex noise,” Applied Acoustics, vol. 103, pp. 30—
36, 2016.

Z. Chen, G. Hu, B. R. Glasberg, and B. C. Moore, “A
new method of calculating auditory excitation patterns
and loudness for steady sounds,” Hearing research, vol.
282, no. 1, pp. 204-215, 2011.

L. Honeth, C. Bexelius, M. Eriksson, S. Sandin, J. E.
Litton, U. Rosenhall, and O. Nyrén, D. Bagger-Sjoback,
“An internet-based hearing test for simple audiometry in
nonclinical settings: preliminary validation and proof of
principle,” Otol Neurotol, vol. 31, pp. 708-714, Jul. 2010.
J. M. Choi, H. B. Lee, C. S. Park, S. H. Oh, and K. S.
Park, “PC-based tele-audiometry,” Telemed J E Health,
vol. 13, pp. 501-508, Oct. 2007.

N. Nakamura, “Development of "Mobile Audiometer" for
screening using mobile phones,” Conf Proc IEEE Eng
Med Bio Soc, vol. 5, pp. 3369-3372, 2004.

J. Sohn, D. Kim, Y. Ku, K. Lee, and J. Lee, “Study on
self hearing assessment using speech sounds,” Conf Proc
IEEE Eng Med Biol Soc, pp. 2384-2387, 2011.

[9] Pal, A. K., and H. Mitra, "Noise Pollution in Mines—its

Monitoring and Abatement with reference to

Underground Mines." (1994): 64-68.

www irjiet.com




