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Abstract— Cancer treatment requires heavy dose of drugs which can affect hearing capacity. In such case it is very essential 
to monitor the hearing capacity of the patients continuously so that hearing disorder can be detected at an early stage. 
Therefore the portable audiometer can prove to be a very useful device for the medical practitioners for preventing the 
hearing disorders in patients. Portable audiometer is used for evaluation of hearing capacity. It consists of a hardware unit 
which is connected to a pair of earphone and a patient response switch. The frequencies in the audible range are transmitted 
to the patient through the ear phone. Patient respond to the different frequencies which is recorded. The recorded response is 
transmitted to the health care unit. This paper describes the design technology of portable audiometer which includes audible 
range test functionality which meets ANSI/ASA S3.6-2010 standards and is capable of early detection of hearing changes. 
The system includes a wireless cellular modem which is capable of notifying a remote healthcare professional of the result of 
hearing test. The system is tested on subjects and result indicates that this system effectively monitor hearing changes 
remotely. Hearing test result of the proposed system is compared with MADSEN ITERA II and comparison result of hearing 
test indicates that this system effectively monitor diagnostic changes of hearing, remotely. 
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I. INTRODUCTION 
 
If someone is unable to hear any sound from the 
audible frequency range then that is known as partial 
or total hearing loss. It may be temporary or 
permanent. Hearing loss may be due to various factor 
like over medication, infection, sensation of neural 
loss due to ageing etc. Treatment of some major 
diseases like cancer often results in the hearing loss 
as a side effect of heavy medications[9] [10]. Several 
studies have found that exposure of high dose drugs 
during chemotherapy, occupational noise and genetic 
origin may cause adverse effect on hearing ability. 
Frequency ranges from 9 to 20 kHz is useful for early 
diagnosis of hearing loss[11]. 
Human ear are having different parts. When defects 
in the ear drum, ear canal and its little bones are 
responsible for the hearing loss then it is known as 
conductive hearing loss where as if nerve related 
problems are responsible for hearing loss then that 
type of loss is known as Sensorineural hearing loss. If 
the damage caused by both then that is called as 
mixed hearing loss[12]. 
The process by which we can measure the hearing 
capacity is known as Audiometry and the instrument 
used for it is called as an Audiometer. This technique 
helps the doctors to analyse and judge the hearing 
capacity of the patient so that suitable medical 
treatment can be prescribed at an early stage. Portable 
audiometer can prove very useful in the time 
detection of such effects. This system can be used by 
the patient himself even in the absence of the trained 
operator once he/she learns the testing process. By 
using this device, tones of varying frequencies and 
amplitude levels are generated. These test tones are 
then presented to the patient and the response is 

recorded. On the basis of this recorded response the 
hearing thresholds of the patient are determined.  
At ENT clinics, hospitals and audiology centres 
audiometer is found as a standard equipment. There 
are several types of audiometers like hardware 
audiometer and software audiometer. Audiometers 
are also used for industrial audiometric testing 
applications. 
According to the recent literature, it is observed that 
every year, 1.3 million Americans are diagnosed with 
cancer out of which 16 percent receive a diagnosis of 
lung or head and neck cancers[4]. Depending on the 
stage of cancer, patients with lung, head, or neck 
cancers are given a treatment with the drug 
chemotherapy. Excessive dosage of this drug often 
results in a hearing shift in approximately 60 percent 
of adults and children[2][3].  
Hence the development of accurate and precise 
audiometric device is needed so that the hearing 
hazards caused to the patients can be prevented. 
According to the recent biomedical literature, it is 
observed that many researchers are working in the 
direction of developing more accurate audiometric 
devices that are easy and robust to use. 
In[1]Nakamura described a mobile audiometric 
testing system that uses the mobile phone as the 
operating platform. However, in such systems it is a 
very challenging task to obtain an audio signal of the 
required purity. Further, in[1] the author does not 
show performance results with the sound signals 
having frequencies above 10 kHz. Working in the 
similar direction, some other researchers have 
designed portable audiometers using desktop personal 
computers[5], hand-held computers[6] etc. Hearing 
test at clinics may not provide early detection of 
hearing shift within two or three weeks interval. The 
advancement of technology provides better access to 
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health care services. American Speech-Language-
Hearing Association’s technical report strives to 
develop and to validate remote practice clinical 
protocols in audiology. There is an essential 
requirement for technology which would permit 
auditory testing at home by the test object and the 
technology would enable delivery of the results via a 
secure Health Insurance Portability and 
Accountability Act compliant network to the health 
care team and would improve healthcare access for 
patients.  
The objective of this paper is to continuous 
monitoring of patient who used the hi dose of 
medicine which affect the hearing sensitivity and for 
normal hearing screening test. The comfort level of 
the patient increases by using this system. Rest of the 
paper is organized as follows: Section II explains the 
block schematic for portable audiometer in detail. 
Process flow are given in section III. Experimental 
set up are given in section IV. Experimental results 
and discussion are given in section V. Finally, 
conclusion of the paper work is given in section VI. 
 
II. SYSTEM DESIGN 
 
This system comprises of 1) A V R-based processor 
(Arduino, ATmega-328) with 20*4 LCD monitor; 2) 
an audiometer with an audible range capability 
printed circuit board (PCB) for generating pure tone 
audio; 3) Sony earphones; and 4) SIM 900- MHz 
cellular network modem which is used for 
transferring diagnostic results to an audiologist. The 
audiometer, LCD and cellular modem are combined 
in a comfort designed portable package with 
protective carrying case.  

 

 
Fig. 1. Portable audiometer basic blocks. 

 
For home use this type of portability is the key 
requirement. A system design of this system is shown 
in Fig 1. Figure 1 shows that Portable audiometer 
which includes A V R based micro controller, 20*4 
LCD display, audiometer and a cellular modem for 
remote health care facility.  

 
Fig. 2. Block diagram of Proposed Portable Audiometer. 

 
Figure 2 shows the block diagram of Proposed 
Portable Audiometer. Detailed explanation of each 
block for an portable audiometer is given below: 
 
A. Function Generator: 
ICL 8038 is used to generate pure tones for hearing 
test. It produces sine, square and triangular 
waveforms. The distortion of this waveform should 
be minimum and I C L 8038 gives the waveform with 
very little distortion. By using variable resistance of 
function generator we vary the frequency and 
amplitude. 
 

 
Fig. 3. Circuit diagram of function generator. 

 
The loudness of sound depends on an amplitude of 
the signal. The pitch of sound depends on frequency 
of the signal. The frequency range of 250 Hz to 8 kHz 
frequency is varied, because this range is used as 
standards for audiometric test.POT R6 is used for 
adjusting the frequency and POT R4 is used for 
adjusting the intensity. 
 

 
Fig. 4. Hardware setup of Function generator. 
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Function generator is used to set the frequency and 
amplitude. The rotary switch is connected to vary the 
frequency and amplitude. Test object varies the 
frequency and amplitude by using rotary switch. 
Proposed system gives very precise values of 
frequency and intensity, where as of now, available 
audiometers are unable to generate this much precise 
values of signal. 
 
B. Micro controller: 
In proposed system we used the Arduino UNO which 
is based on the Atmega328 processor which is an 
open-source physical computing platform based on a 
simple I/O board. The programming language for the 
Arduino Microcontroller  
 

 
Fig. 5. Hardware of Microcontroller ATmega 328 is 

implemented in C language. 
 

Figure 5. shows the hardware design of Arduino 
using micro-controller IC 328. Micro controller is 
connected to function generator, LCD display, SIM 
900 and patient response switch. LCD shows the 
frequency received by the patient from head phone, 
using micro controller. Micro controller is connected 
to patient response switch. Patient responds according 
to the received signal from function generator. That 
response is saved in micro controller, and that data is 
then sent to the health care unit via SIM 900. AT 
mega 328 is used for different purposes, as a 
transmitter it transmit the patient response to health 
care unit, as a receiver it receives the patient response 
from the patient response switch and also receives the 
signal frequency from function generator and 
transmits it to LCD display.  
 
C. LCD Display: 
From function generator, the signal is transmitted to 
the ear phone. Micro controller is connected to the 
function generator, it receives the signal which is 
transmitted to the ear phone. Micro controller 
transmits the signal frequency and intensity to the 
display unit. LCD displays the frequency and 
intensity which is sent to the headphone. 

 
Fig. 6. Function of LCD 

 
Proposed system is tested, as LCD shows in figure 6, 
the frequency and intensity which is verified in DSO 
(Digital Storage Oscilloscope). DSO shows the same 
reading which is shown in LCD by varying the 
frequency and intensity. 
 
D. S I M 900: 
Internet and high speed data access are carried over 
high frequency networks were as Cellular network 
voice communications and SMS text message can be 
use in low frequency. For simple messaging services 
we can use over low-frequency networks. SIM 900 
MHz cellular network modem is used to transmit 
patient test result to the healthcare unit as a text 
message. Clinician’s phone number is fed into the 
micro controller by programming. By using a 900-
MHz modem access to low-frequency networks is 
obtained. 
 

 
Fig. 7. Text message from SIM 900 

 
Function of SIM 900 is tested, as shown in figure 7, 
when patient respond on patient response switch, the 
response is 
recorded in micro-controller and text message is send 
to the mobile number which is fed in micro-
controller. 
 
E. Patient Response Switch: 
The patient response switch is operated by patients or 
test object. If the particular frequency is to heard by 
patient, he/she Press the response button. If that 
particular frequency unable to hear by patient then 
he/she press the no button. The patient’s response is 



International Journal of Industrial Electronics and Electrical Engineering, ISSN: 2347-6982 Volume-4, Issue-6, Jun.-2016 

Development and Evaluation of a Portable Audiometer With Remote Health Care Facility 
 

87 

sent to the micro controller. Micro controller save 
those responses and sends it to the health care unit. 
 
F. Ear Phone: 
Ear phone are used for audiometric test. At a time 
patient have to use one ear phone to one ear and 
perform the hearing test. There is a switch which is 
used to select the left/right ear phone. To avoid the 
false response proposed system used to mask the 
another ear which is not in use for test. If the right ear 
is tested then left ear is at rest, that is, left ear does 
not receive any signal. The same process is done for 
left ear test. 
At the time of left ear testing process, only left ear 
uses the ear phone to get the signal and test object 
respond accordingly. 
 
III. PROCESS FLOW 
 
Normal hearing capacity of human ear is 20 Hz to 20 
kHz. For hearing test, we generate minimum 
frequency as 250 Hz and maximum frequency as 8 
kHz very precisely. The flow chart, figure 8. shows 
the process flow of the system. Signal frequency of 
20 Hz would initially generated and sent it to the 
 

 
Fig. 8. Flow chart of portable audiometer. 

 
ear phone. From the ear phone patient/test object 
receives the frequency. There is a nob to increase or 
decrease the frequency and intensity. Proposed 
system used the variable resistor for varying the 
frequency and intensity. 
Once the signal is received by the patient, the patient 
responds on the the patient response switch. If the 
patient is able to listen the frequency he/she has to 
press the button. 
Initially patient gets 250 Hz frequency by the ear 
phone, if patient are able to hear that frequency, 
he/she increase the frequency and intensity and 
respond accordingly. Patient response switch is 
internally connected to AT mega 328. Micro 
controller saves the patient response and sends the 
recorded data as a text message to health care unit via 
SIM 900. By this test we get minimum and maximum 
hearing frequency. 

IV. EXPERIMENTAL SET UP 
 
A. Design of Portable Audiometer: 
The design of portable audiometer meets the ANSI 
S3-2010 specification standards. It eliminates the 
unwanted signal. Unwanted signal may affect the 
result of hearing test. This system is free from 
artifacts. 
 

 
Fig. 9. Hardware setup of proposed Portable Audiometer 

 
Figure 9. shows the design of proposed system. The 
proposed system is tested and meets the requirement 
of ANSI S3-2010 specification standards.  
 
B. Cellular Network Data Communication: 
Wireless cellular modem which is capable of 
notifying a remote healthcare professional is used. 
SIM 900 is used for simple messaging services. The 
SMS text message services are carried over low 
frequency range. Clinician get the text message and 
interpret the results of hearing test. According to the 
hearing results medical practitioner can make 
recommendations. 
 
C. Training: 
This system requires little training by an audiologist. 
Before using this system, patient should trained by 
audiologist. As follows: 1)choose the quite room for 
testing; 2) sit and take the device out from the 
ergonomic packet; 3) plug in the device 4) fix the ear 
phone to the first ear(left/right); 5) listen the 
generated signal and respond accordingly by patient 
response switch;6) increase/decrease the volume by 
using the rotatory switch;7) 8)once first ear testing 
will done then use the ear phone for another ear of 
same test object and respond on patient response 
switch according to the signal. The performance of 
the system is tested using four different groups: 1) the 
cancer patient who used high dose medicine like 
cisplatin regularly is tested and result is compared to 
non-portable MADSEN ITERA II audiometer; 2) 
additional twenty six persons were tested in a hospital 
treatment section and in sound booth to determine if 
thresholds were consistent across both environments; 
3) seventeen of the test subjects were trained to use 
the device independently and they retested 
themselves on five consecutive days within their 
home; and at last 4) two chemotherapy patient were 
tested using high dose drug during treatment to 
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determine if the system could adequately detect 
threshold shifts. 
Results indicate that cancer patient who used high 
dose drug favourably compares with commercially 
available audiometers used for clinical testing in both 
the conventional (250 Hz -8 kHz) and extended HF 
range (4 -8 kHz). Patients are able to test their 
hearing capacity at home as well as clinic with 
different frequency range precisely. This practice of 
testing will help to rescue the hearing loss. It will 
improve their lifestyle. 
 
V. RESULTS AND DISCUSSION 
 
In this section, results are presented that demonstrates 
that how this system meets the ANSI/ASA S3.6-2010 
calibration standards. This system is used by the 
patients in homes/clinics. 
 
A. Attenuator, Frequency Harmonic Distortion, 
Linearity 
The accuracy of the attenuator is shown in figure 10. 
The fall well within the ANSI requirement range. 
Here we see that the lower target level the signal 
tends to the noise level. The figure 10, shows that our 
system has better attenuator accuracy than ANSI 
S3.6. 
Figure 11, shows the accuracy of frequency 
synthesizer. The ANSI standard permits +/-1 percent 
of error in frequency accuracy. 
Figure 12, shows that the total harmonic distortion 
and noise performance for pure tone oscillators in this 
system is 0.08 percent measured at acoustic coupler. 
which is below the ANSI/ASA S3.6-2010 6.1.5 limit. 

 

 
Fig. 10. Accuracy of the attenuator across various level 

settings.  
 

 
Fig. 11. Accuracy of frequency across 0.5-20 kHz frequency 

range. 

 
B. Subject testing result 
The table shows the hearing screening test for 
different age, different cause of hearing loss and 
audible range of patients.  
 

TABLE I. HEARING SCREENING TEST FOR 
SEVERAL PATIENTS 

 
 
C. Subject testing results 
This system was evaluated in both home and hospital 
ward, to find that this system works properly to 
determine hearing threshold accurately or not. 
Twenty six subjects were tested in both 
environments, in which eight subjects with normal 
hearing n remaining with hearing impairment. 
Additional eight subjects were tested two three 
consecutive weeks, who were receiving high dose of 
ototoxic drug. 
 

TABLE II. HEARING SCREENING TEST FOR 
NORMAL HEARING PATIENT 

 
 

 
Fig. 12. Harmonic distortion of this system across frequency 

range. 
D. Case study of hearing loss identification 
evaluation 
For this evaluation, we select the subject who receive 
the chemotherapy. Hearing evaluation done after 
receiving first dose of high power drug through one 
week. An ASHA threshold shift was not detected. 
The graph shown in figure 13(a) (a) Right ear hearing 
loss monitoring result (b) Left ear hearing loss 
monitoring result Fig. 13. Hearing loss monitoring 
results 
Right ear hearing loss monitoring result and 13(b) 
Left ear hearing loss monitoring result, tells that the 
subject receiving high power drug dose her hearing 
thresholds at both time before and after drug affects 
the hearing threshold. Subject’s hearing capacity 
decrease slightly. 
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CONCLUSION 
 
In this paper, we presented the design and evaluation 
of a portable audiometer which can be used in 
homes/clinics. This system is capable of evaluating 
any type of hearing loss, it may be of conductive, 
hearing sensation of neural and mixed hearing loss. 
The range of testing frequency is 20 Hz to 20 kHz. 
From hospital visit; it was learnt that generally 
hearing test occured at 250Hz to 8kHz. This range 
covered by this system. This system is capable of 
store the patient response for remote health care 
application. The system gives the facility to transmits 
the patient’s response to the health care unit. System 
meet the specialisations of ANSI/ASA S3.6- 2010. 
The system was tested by evaluated on two groups 
with and without hearing loss. The testing 
environment was taken as in home, booth,hospital 
treatment unit. We found the system to be accurate 
and reliable. Frequent and regular monitoring of 
hearing sensitivity can protect the patient from further 
damage. One who works in heavy machinery plants 
always in contact of high sound pressure level(SPL), 
which may affect the hearing sensitivity of that 
person. By using this system with little training 
hearing sensitivity easily can be monitored. Future 
developmental work may include adding other 
features to improve the ease and accuracy of hearing 
sensitivity monitoring. 
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