








Indonesian Journal of Electrical Engineering and Computer Science 

Vol. 21, No. 3, March 2021, pp. 1356~1363 

ISSN: 2502-4752, DOI: 10.11591/ijeecs.v21.i3.pp1356-1363      1356 

  

Journal homepage: http://ijeecs.iaescore.com 

A low-cost IoT-based auscultation training device 
 

 

Heri Andrianto1, Daniel Perdana Sutanto2, Yunus Adhy Prasetyo3 
1,2Electrical Engineering Department, Faculty of Engineering, Universitas Kristen Maranatha, Bandung, Indonesia 

3Nursing Department, Sekolah Tinggi Ilmu Kesehatan Immanuel, Bandung, Indonesia 

 
 

Article Info  ABSTRACT  

Article history: 

Received Apr 4, 2020 
Revised Oct 20, 2020 

Accepted Dec 5, 2020 

 

 Auscultation training devices are needed by teachers and students in health 
schools to practice auscultation techniques. In this paper, a low-cost IoT-
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 IoT-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 

(IoT) technology, which at this time IoT 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 IoT 

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 IoT 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 IoT-based auscultation training system architecture. IoT-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.  

 

 

 
 

Figure 1. IoT-based auscultation training system architecture 
 

 

2.1. Hardware design 

IoT-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 
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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 D0 

(GPIO16). Pin D0 (GPIO16) is also connected to one of the 10 kΩ resistor pins, the other pin of the 10 kΩ 

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 IoT-based auscultation training 

system. 

 
 

 
 

Figure 2. Proximity sensor on phantom doll 

 

 

 
 

Figure 3. The hardware circuit design of IoT-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 
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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 / breath1" 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. 

 

 

 
 

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 !!!!". 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. 
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Figure 5. Flowchart of the main program on a smartphone 

 

 

 
 

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". 

 

 

 
 

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 

position 

Proximity sensor 

that detects a 

stethoscope drum  

Published by NodeMCU (v/breath1 to v/breath8) Subscribed by 

MyMQTT 1 

(a) 

2 

(b) 

3 

(c) 

4 

(d) 

5 

(e) 

6 

(f) 

7 

(g) 

8 

(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 

Position 

Proximity sensor that detects a stethoscope 

A B C D 

OFF 

    
 

Sound: Normal (Normal 

Vesicular) 

 

 

Sound: Normal (Bronchial) 

 

 

Sound: Normal 

(Bronchovesicular) 

 

 

Sound: Normal (Tracheal)  

 

ON 

 
 

   

Sound: Abnormal 

(Wheezing) 

Sound: Abnormal (Coarse 

Crackles) 

Sound: Abnormal (Pleural 

Friction) 

Sound: Abnormal 

(Ronchi) 
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4. CONCLUSION  

We have successfully developed a low-cost IoT-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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