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Auscultation training devices are needed by teachers and students in health
schools to practice auscultation techniques. In this paper, a low-cost oT-
based auscultation training device has been developed using NodeMCU, four
proximity sensors, metal as a stethoscope, a switch, an android smartphone,
an earphone, and a phantom doll. The message queuing telemetry transport
(MQTT) protocol has been used for data communication between NodeMCU
and smartphones, therefore an auscultation training hardware can be used by
many students who have auscultation training application on their
smartphones that subscribe to topics. The results showed that an auscultation
training device was able to detect a stethoscope. Auscultation training
application on a smartphone successfully plays normal and abnormal
breathing sounds based on subscribed topics. With a production cost of less
than 15 USD, we offer an inexpensive loT-based auscultation training
device.
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1. INTRODUCTION

In the world of health, there is a technique for examining patients called auscultation. The act of
listening to sounds that arise in an organ (such as the lungs or heart) with the help of diagnosis and treatment
is called auscultation [1, 2]. In practice, auscultation usually uses a stethoscope as a tool [3-6]. Auscultation
techniques are taught by a teacher to students using clinical/field practice learning methods. The clinical/field
practice learning method is the process of student interaction with patients under the guidance and
supervision conducted by clinical teachers to achieve planned competencies. However, this collaboration also
requires practice in situations close to reality. Clinical simulations are a comprehensive educational
methodology, not technology, which enables learning through deliberate practice of high-risk events or
procedures without compromising patient safety [7]. Clinical simulation is a methodology that positions
students in a real context [8], intending to practice, learn, evaluating, or gaining knowledge [9]. A student
must have special expertise to diagnose lung or heart disease using a stethoscope, therefore auscultation
training device is needed to obtain this expertise. The auscultation training device is used by teachers and
students in health schools to practice auscultation techniques.

K. Liu et al have designed a system used to simulate lung and heart auscultation for medical
students. However, this system is complicated to be integrated because it is built using several devices such
as a single Chip BF518, SD Card audio, AD1934, ADA4841, SDRAM, RS232 interface, and computer [10].
A learning application that can run on smartphone devices can be an option for students to increase
knowledge and skill [11]. F. Cid et al have developed a low-cost phantom prototype for auscultation in
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simulation-based training for medical processes. The auscultation process training system uses a phantom
and a stethoscope that is adapted to produce body sounds. High-quality bluetooth sound sensors and systems
make it possible to simulate a collection of lung and heart diseases. The sensor on the phantom is connected
to a smartphone via a wireless network and uses a cellular application to configure system settings [12].
However, research conducted by F. Cid et al still uses pressure sensors and has not used internet of things
(1oT) technology, which at this time loT technology has been widely implemented in various sectors, such as
in the health sector [13-16], agriculture [17], etc. In this paper, auscultation training devices based on loT
have been developed using NodeMCU, four proximity sensors, metal as a stethoscope, a switch, an android
smartphone, an earphone, and a phantom doll. We also use the MQTT protocol for data communication
between NodeMCU and smartphones. MQTT is one of data communication protocols in 10T technology [18-
22]. MQTT is a publish-subscribe delivery protocol that is suitable for lightweight applications [23]. This
protocol uses a client-server architecture where the client (device) is connected to the server (MQTT broker),
which in turn forwards the message to other clients who subscribe [24, 25]. MQTT is perfect for limited
environments where devices have limited processing and memory resources and low network bandwidth
[26, 27].

2. RESEARCH METHOD

The research method in this study consists of designing an auscultation training system architecture,
developing an auscultation training device, testing an auscultation training device, and evaluating the
performance of an auscultation training device. The first stage is designing an auscultation training system
architecture. Figure 1 shows the loT-based auscultation training system architecture. l1oT-based auscultation
training device uses NodeMCU as a controller. NodeMCU is connected to the MQTT broker via a wi-fi
connection to communicate with smartphones. We also used a phantom doll where several proximity sensors
were placed inside the phantom doll. Each proximity sensor will be connected to NodeMCU. Normal and
abnormal breathing sound recording files are stored on the smartphone. The switch is used to select normal or
abnormal breathing sounds. If the proximity sensor detects a stethoscope drum, NodeMCU will publish
topics to the MQTT broker. Auscultation training application on the smartphone will subscribe to these
topics, data obtained from the topic will be used to play normal or abnormal breathing sounds, therefore that
breathing sounds can be heard through the earphone.

Phantom doll Smartphone

Database of normal and
abnormal respiratory
sounds

MaTT | Publish
BROKER

fiot.edipse.ocg) | ¢——F—

Subscribe

— Twwm
_A Student
o
Sensor A s
Ve

Proximity
Sensos B

R

Earphone

NodeMCu
L

I Proximity

e

Proximity
Sensor C

Figure 1. loT-based auscultation training system architecture

2.1. Hardware design

loT-based auscultation training device consists of NodeMCU, four proximity sensors, and a switch
with the cost required for this hardware which is less than 15 USD. The proximity sensor input voltage is 12
Volt, while the NodeMCU input voltage is 3.3 Volt, therefore the proximity sensor output cannot be
connected directly to the nodeMCU pin because it has different voltage levels so a signal conditioning circuit

A low-cost loT-based auscultation training device (Heri Andrianto)
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is needed in the form of a voltage divider circuit. Each voltage divider circuit connected to the proximity
sensor is connected to the NodeMCU digital pin. The GND pin of NodeMCU and proximity sensor are
connected to GND. One of the switch pins is connected to 3.3 Volt, the other pin is connected to pin DO
(GP1016). Pin DO (GP1016) is also connected to one of the 10 kQ resistor pins, the other pin of the 10 kQ
resistors is connected to GND. Pin 3V3 NodeMCU is connected to 3.3 Volt. Figure 2 shows the proximity
sensor on the phantom doll. Figure 3 shows the hardware circuit design of the loT-based auscultation training

system.

Bronchial (B) - Normal Vesicular (A)
Coarse Crackles (B1) Wheezing (A1)

Bronchovesicular (C)
Pleural Friction {C1)

12 Vdc
— A — B8 - - D
‘il‘ 27k % 27k0 g[l‘ 27k0 ! 27k
jmm jwkn Z10k0 jxokn
3.3 Vdc . . _ —
= D2 D1 D4 D3
3v3 NodeMCU
DO GND
Switch Z10k0 l’

e

Figure 3. The hardware circuit design of loT-based auscultation training device

2.2. Software design
Figure 4 shows the flowchart of the main program on NodeMCU. Proximity sensor functions to

detect stethoscope drums. The function of the switch is to distinguish between normal and abnormal
breathing sounds. Each proximity sensor has been configured for one normal breathing sound and one
abnormal breathing sound. NodeMCU will read the pin that is connected to the proximity sensor and a
switch. After that, NodeMCU will publish topics to the MQTT broker via a wi-fi connection.

Smartphone users must first choose the wi-fi connection before receiving data that has been
published by NodeMCU, therefore that the data can be received well by the smartphone. The program on the
smartphone checks whether there is data coming into the smartphone. If there is data coming into the

Indonesian J Elec Eng & Comp Sci, Vol. 21, No. 3, March 2021: 1356 - 1363
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smartphone, the data will be processed to play a sound. A database of recorded breathing sounds is stored on
the smartphone. Breathing sounds will be heard in accordance with the data coming into the smartphone. For
example, if the Switch is Off and the data received by the smartphone "0" with the topic "v / breathl" then
the sound of normal breathing (Normal Vesicular) will be heard on the smartphone. If the Switch is On and
the data received by smartphone "0" with the topic "v / breath4" then the abnormal breathing sound (Ronchi)
will be heard on the smartphone. Figure 5 shows the flowchart of the main program on smartphones.

NO
Start

YES

INITIALIZATION: Y
MQTT SERVER, PubSubClient, Pin, etc. Normal Abnormal
Read proximity sensor Read proximity sensor
Ll
V‘ a=digitalRead(4) b=digitalRead(4)
c=digitalRead(5) d=digitalRead(5)
OB S e=digitalRead(2) f=digitalRead(2)
; g=digitalRead(0) h=digitalRead(0)
£ |
\
client.publish("v/breathl", a);
Re-connect client.publish("v/breath2®, b);
client.publish(“v/breath3", c);

client.publish(“v/breathd”, d);
NO client.publish("v/breaths", );
client.publish({"v/breaths”, f);
client.publish({"v/breath7", g);
client.publish("v/breath8”, h);

Connected to MQTT ?

client.publish("outTopic”, "hello world");
client.subscribe("v/#");

POWER OFF?

Figure 4. Main flowchart program on NodeMCU

Auscultation training application on the smartphone for normal and abnormal breathing sounds of
humans is specifically used for learning auscultation techniques based on android smartphones. This
smartphone application consists of three buttons (publish, connect, and disconnect) where the first button is
the publish button which functions to display the words "Hello World" on the serial monitor and smartphone.
The connect button functions to connect the smartphone with NodeMCU via a wi-fi connection, and the
disconnect button functions to disconnect the wi-fi connection between the smartphone and NodeMCU. Two
text views (Normal Breathing Sounds and Abnormal Breathing Sounds), and one textview that is specifically
for displaying the writing of the selected radiobutton, for example the selected Ronchi radiobutton then the
textview will display the words "Ronchi 11", Eight radiobutton consisting of a menu selection of normal and
abnormal breathing (Tracheal Sound, Bronchial Sound, Bronchovesicular Sound, Normal Vesicular Sound,
Wheezing Sound, Coarse Crackles Sound, Pleural Friction Rub Sound, and Ronchi Sound). Figure 6 shows
the auscultation training application on smartphone.

A low-cost loT-based auscultation training device (Heri Andrianto)
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Figure 5. Flowchart of the main program on a smartphone
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Figure 6. Auscultation training application on the smartphone

3. RESULTS AND ANALYSIS

Testing the connection to the wi-fi network and publish the message of stethoscope drum detection
was observed on the serial monitor. Figure 7 shows that NodeMCU has successfully connected to a wi-fi
network and successfully published a message. The serial monitor shows that when the proximity sensor does
not detect a stethoscope drum, NodeMCU sends data "1" and if the proximity sensor detects a stethoscope
drum, NodeMCU sends the data "0".

Comnecting to D'Angelo

AP coanected
IP addreas:
192.168.43.9

ttempting MQIT conmection...connected

Publ Leh
ksl s mh

mennage A
TR .-
kel Lmh
Pkl Lsh
Publiah
Fubl Aisah
bl Leh
Publ ish

message D
Bl b
mesasage O
mesnage

mesrage D

S

message

Figure 7. Testing the connection to the wifi network and stethoscope drum detection
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Communication testing between NodeMCU and smartphone has been carried out using the
MyMQTT application on the smartphone. The MyMQTT application is subscribed to topics published by
NodeMCU. Subscribed topics are "v / #" which means that all topics related to "v / #" can be seen through
MyMQTT. Table 1 shows the test results, that each proximity sensor successfully detected a drum
stethoscope for the OFF/ON switch position, NodeMCU successfully published topics, and the smartphone
application (MyMQTT) successfully subscribed to topics published by NodeMCU.

Table 1. Testing of communication between NodeMCU and smartphone

Switch Proximity sensor Published by NodeMCU (v/breathl to v/breath8) Subscribed by
position that detects a 1 2 3 4 5 6 7 8 MyMQTT
stethoscope drum (a) (b) (c) (d) (e) H (9) (h)

OFF A 0 1 1 1 1 1 1 1 success
ON A 1 0 1 1 1 1 1 1 success
OFF B 1 1 0 1 1 1 1 1 success
ON B 1 1 1 0 1 1 1 1 success
OFF C 1 1 1 1 0 1 1 1 success
ON C 1 1 1 1 1 0 1 1 success
OFF D 1 1 1 1 1 1 0 1 success
ON D 1 1 1 1 1 1 1 0 success

The Functional testing of auscultation training application on a smartphone is conducted when the
switch is OFF, then the stethoscope is brought closer to the proximity sensor which is in position A, B, C, D,
after that, it is observed which radio button is checked on the smartphone application and listen to the
breathing sound that appears on the earphone. In the same way, further testing is performed when the switch
is ON. Table 2 shows the test results of the auscultation training application on the smartphone. The
auscultation training application on the smartphone successfully displays the checked radio button and plays
a breathing sound according to the position of the switch and the stethoscope drum.

Table 2. The Functional testing of auscultation training application on smartphone

Switch Proximity sensor that detects a stethoscope
Position A B C D
OFF

Sound: Normal (Normal Sound: Normal (Bronchial) Sound: Normal Sound: Normal (Tracheal)
Vesicular) (Bronchovesicular)

ON

Sound: Abnormal Sound: Abnormal (Coarse Sound: Abnormal (Pleural Sound: Abnormal
(Wheezing) Crackles) Friction) (Ronchi)

A low-cost loT-based auscultation training device (Heri Andrianto)
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4.  CONCLUSION

We have successfully developed a low-cost loT-based auscultation training devices using
NodeMCU, four proximity sensors, metal as a stethoscope, a switch, a phantom doll, an earphone, and an
android smartphone. Each proximity sensor works well and successfully detects a stethoscope drum.
NodeMCU successfully connected to the wi-fi network and successfully published topics. The Auscultation
training application on smartphones successfully subscribes to topics published by NodeMCU and
successfully plays normal and abnormal breathing sounds based on subscribed topics. In our future work, we
will test the use of this device for the practice of auscultation techniques by students and teachers in health
schools.
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