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 Research has been carried out on a heart rate and body temperature monitoring 
system based on the Internet of Medical Things (IoMT). This study aims to create 
a system for monitoring heart rate and body temperature remotely in real-time 
with measurement results displayed on a web server. This research includes several 
stages such as developing research concepts based on literature studies, system 
design consisting of hardware and software design, sensor calibration, web server 
creation, system testing, and direct data retrieval. The hardware manufacturing 
stage uses several components such as a pulse heart sensor to detect heart rate, 
DS18B20 sensor to detect body temperature, Arduino Uno microcontroller, Xbee 
end device, Xbee coordinator, and raspberry pi as a server computer. Then for the 
use of software on this system, it consists of Arduino Integrated Development 
Environment (IDE) to run Arduino Uno hardware, XCTU to provide 
configuration on Xbee, Python to run Raspberry Pi and Django as a framework 
for building web servers and MySQL as data storage center measurement results. 
Heart rate monitoring is done by placing a sensor on one of the fingers, and body 
temperature is done by placing the sensor in the axilla. The output from the sensor 
in the form of analog data is converted by the Arduino Uno microcontroller into 
digital data and then sent to the Raspberry Pi module via Xbee. The raspberry pi 
has processed data is then stored in the database and then displayed on the 
webserver. The sensor calibration results show that the pulse heart sensor's error 
rate is 0.41%, and the DS18B20 temperature sensor is 1.09%. After calibration of 
the sensor, data was collected on the three respondents' heart rate and body 
temperature. The measurement results show that the system can store each 
respondent's heart rate and body temperature data in the database and display the 
measurement results on the webserver in real-time. Based on these results indicate 
that the system that has been made can work well. 
 

Copyright © 2022 AuthorsAll rights reserved. 

 

 

  

 

Introduction 

Health is the primary need for every human being to carry out daily activities. Human health 
conditions can be determined by examining vital signs [1]. Examination of vital signs includes 
checking heart rate, body temperature, respiration, and blood pressure [2-5]. Monitoring vital 
signs is the main priority that must be considered by medical personnel to carry out early 
prevention and reduce mortality [6]. The population in Indonesia continues to grow, but health 
care and monitoring remain a severe problem. Based on data from the Ministry of Health of the 
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Republic of Indonesia in 2019, the number of health workers as many as 1,182,024 people is not 
comparable to the population of 268,074,565 people [7]. This makes the health care system 
ineffective and inefficient. In addition, the current pandemic condition is also a moderately 
severe problem. Furthermore, physical distancing makes it difficult for humans to carry out 
health checks in hospitals [8]. Therefore we need a health monitoring system to check heart rate 
and body temperature remotely in real-time. 

The development of health care and communication network sensors has encouraged the 
emergence of the Internet of Things (IoT) based on health measurement and monitoring [9,10]. 
This technology can send data over a network without requiring human-to-human or human-
to-computer interaction [11-13]. In its application, IoT can identify, find, track, and can monitor 
objects remotely automatically and in real-time [14]. IoT technology has been widely applied in 
various healthcare industry sectors, commonly known as the Internet of Medical Things (IoMT). 
IoMT is an intelligent platform consisting of sensors and electronic devices used to obtain 
biomedical signals from patients [15]. These devices consist of processors for processing 
biomedical signals, network devices for transmitting biomedical data over the network, 
temporary or permanent storage units, and visualization platforms with artificial intelligence 
schemes for decision making or diagnosis by doctors [16,17]. IoMT based remote health 
monitoring system is an alternative that several researchers are currently developing to 
improve the health care system in hospitals. 

Several researchers have carried out research related to remote health monitoring, such as Li et 
al. (2017), regarding an IoT-based heart disease monitoring system for health services. This 
system can continuously monitor the patient's physical signs such as blood pressure, ECG, 
SpO2, heart rate, pulse, blood fat, blood glucose, and environmental indicators (patient 
position) [18]. Kalamkar et al. (2018) regarding a human health monitoring system using IoT 
and raspberry pi 3. This system can monitor several parameters such as the electrocardiogram 
(ECG), blood pressure, heart rate, and body temperature [19]. Zouka and Hosni research (2019) 
on a health care monitoring system with IoT communication that utilizes a biomedical wireless 
sensor network. This system uses a microcontroller to communicate with various sensors such 
as temperature, pulse, and blood pressure sensors [20]. Sheela and Varghese's research (2020) 
related to a machine learning-based health monitoring system with Arduino Uno control which 
was then connected to several sensors to detect five measurement parameters in the body, 
namely (ECG), pulse, blood pressure, body temperature, and patient position [21]. Shewale and 
Sankpal (2020) researched IoT-based health care systems by measuring several parameters such 
as heart rate, body temperature, and blood pressure [22]. Some of the studies above have 
weaknesses, such as transmitting data from the microcontroller to the raspberry pi still using 
Bluetooth communication and some researchers testing the patient health monitoring system 
based on simulations to determine the performance of the IoT system. Therefore, in this 
research, the IoMT-based heart rate and body temperature monitoring system using a raspberry 
pi as a computer server and transmitting data from the microcontroller to a raspberry pi using 
Xbee communication, then testing the system using several devices that have been integrated 
with sensors that can detect heart rate and body temperature parameters in humans (objects). 
The measurement data is then saved to the database and displayed on the webserver in real-
time. This system is expected to accelerate the diagnosis of patient disease, reduce the workload 
of medical personnel and reduce operational costs. 
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Experimental Method 
This research includes several stages such as developing research concepts based on literature 
studies, system design consisting of hardware and software design, sensor calibration to see 
comparisons of sensor measurement results with comparison measuring instruments, web 
server creation, system testing, and direct data retrieval. 

System Design 
The design of the IoMT based heart rate and body temperature monitoring system consists of 

two stages, namely hardware and software design. The hardware design stage uses several 

components such as pulse heart sensor, body temperature sensor, Arduino Uno 

microcontroller, Xbee end device, Xbee coordinator, and raspberry pi as a server computer. 

Then, the use of software on this system consists of the Arduino IDE to compile and upload 

Arduino Uno hardware, XCTU to provide configuration on Xbee, Python, and Django-

framework to run Raspberry Pi and MySQL database as a data storage center. The additional 

software used to build a web server such as atom as a python text editor and PuTTY as a 

terminal emulator to access the server remotely. Figure 1 shows a block diagram of an IoMT 

based heart rate and body temperature monitoring system. 

 

 
 

  
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 

 
Figure 1. Block diagram of an IoMT based heart rate and body temperature monitoring 

system 

The block diagram above shows an IoMT-based heart rate and body temperature monitoring 
system. Two sensor kits are used to detect each parameter, such as body temperature and 
respiration in the human body. This sensor is controlled by the Arduino Uno microcontroller, 
which functions as a processor for inputting data from sensors mounted on the body. First, a 
program was created using Arduino IDE to read the sensor measurement data. The Arduino 
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Uno microcontroller has processed data is then sent to the raspberry pi via Xbee as wireless 
data communication. But first, the Xbee configuration is done using the XCTU software. The 
configuration provides ID and sets the Xbee function, Xbee end devices, and Xbee coordinators. 
The measurement data sent via Xbee is then processed by the raspberry pi using python 
software which then the results will be stored in a database and can be displayed on the 
webserver in real-time. Medical personnel and the patient's family can access the measurement 
results through the website. The hardware design of the IoMT based heart rate and body 
temperature monitoring system is shown in Figure 2. 

 

 

 

 

 

 

 

 

 

 
 

 

 

 
 

Figure 2. Hardware design of IoMT based heart rate and body temperature monitoring 
system 

Sensor Calibration 
In this study, the heart rate and body temperature sensors were calibrated to reduce the 
measurement error value for each sensor. The heart rate sensor calibration process is carried 
out by comparing the results of the heart rate calculation using a pulse heart sensor placed on 
the finger with a comparison tool in the form of a pulse oximeter measured simultaneously. 
The heart rate sensor calibration data retrieval was carried out for 5 minutes with a 
measurement time delay of 3 seconds so that the data obtained was 100 data. At the same time, 
the temperature sensor calibration process is carried out by comparing the results of 
temperature calculations using the DS18B20 temperature sensor with a comparison tool in the 
form of a thermometer. 
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Web Server Design 
The first step in making a web server is to install the operating system on raspberry pi. The 
raspberry pi operating system that is currently widely recommended is raspbian. After 
installing the operating system on the raspberry pi is successful, the next step is to download 
the python and Django-framework software on the raspberry pi. Then the next step is to create 
a web server using the Django-framework. Several programming languages are used in making 
web servers, such as Hypertext Markup Language (HTML), Cascading Style Sheets (CSS), 
JavaScript, and databases. Applications on the web are divided into static and dynamic web 
applications. HTML is used to create a static website, JavaScript to create a dynamic website, 
CSS to adjust the website's appearance to make it look attractive and structured. The database 
used is MySQL which acts as central storage for sensor measurement data obtained before being 
sent to the webserver. The process of sending sensor measurement data to the webserver uses 
two-way communication with JavaScript Object Notation (JSON) data format, and the 
webserver dashboard display uses one-way communication by applying Server-Sent Event 
(SSE) rules. The web server workflow is shown in Figure 3. 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 

Figure 3. Web server workflow 

System Testing and Measurement 
System testing is done after system design and web server creation. This test is carried out to 
see the success of the system made. Testing the heart rate sensor and body temperature sensor 
begins with the preparation of measurement instruments and verification of the Arduino IDE 
program for further testing. The first test is the heart rate sensor which is done by placing the 
sensor on one fingertip. After that, whether the sensor can record heart rate data and display 
the value of beats per minute (bpm) on the webserver is observed. Fingertip selection and 
placement of sensors result in more consistent and stable data. Heart rate data varies according 
to the patient's condition at measurement. The second test is the DS18B20 temperature sensor, 
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which is carried out by placing the sensor in the armpit and observing changes in temperature 
on the webserver in degrees Celsius. Body temperature data will vary according to the patient's 
physical condition and the ambient temperature at data collection. 

Result and Discussion 
Sensor Calibration Results 
In this study, the pulse heart sensor and the DS18B20 temperature sensor were calibrated to see 
the error rate for each sensor. The test compares the sensor measurement results with a 
comparison tool. The error value for each sensor is obtained by using equation (1) [23]: 

𝑅𝐸 =  
𝐹−𝐹𝑎

𝐹𝑎
 × 100%              (1) 

Where RE is the error percentage, F is the sensor measurement value, and 𝐹𝑎 is the comparison 
tool measurement value. The graph of the comparison of the results of heart rate measurements 
using a pulse heart sensor with a comparison measuring instrument in the form of an oximeter 
is shown in Figure 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Comparison graph of heart rate measurement results 

The graph above shows the results of measuring heart rate in one respondent who is 23 years 
old. Heart rate measurements were carried out in a resting condition with a measurement time 
of 5 minutes and a delay of 3 seconds. The test results show the heart rate is at 70 bpm to 74 
bpm with an error rate of 0.41%. The results obtained are by previous research conducted by 
Alamsyah, et al. (2020), which states that a normal heart rate at rest is in the range of 60 bpm to 
100 bpm [6]. Furthermore, the comparison of the temperature measurement results is shown in 
Figure 5. 
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Figure 5. Comparison graph of temperature measurement results 

The graph above shows the results of temperature measurements using the DS18B20 
temperature sensor with a comparison tool in a thermometer. The measurement results 
obtained an error rate of 1.09% from the measurement range 0℃ to 100℃. 

System Test Results 
The Internet of Medical Things (IoMT) based heart rate and body temperature monitoring 
system has worked well. The results of heart rate and body temperature measurements are 
stored in a database and then displayed on a web server in the form of graphs or tables. 

a. Heart Rate Measurement 
Heart rate measurements were carried out twice. The first measurement was carried out on one 
respondent aged 23 years with different measurement times, namely in the morning, noon and 
afternoon. The second measurement was on three respondents aged 23 years, namely in the 
morning, with the same measurement time. Figure 6 shows the heart rate measurements in one 
respondent with different measurement times. 

Figure 6 shows the results of measuring heart rate per minute in one respondent in a resting 
(normal) condition. The average heart rate in the morning is 77.20 bpm, 81.50 bpm in the noon, 
and 79.33 bpm in the afternoon. Based on the results obtained, it can be concluded that the 
system can measure heart rate well with the measurement results following previous research 
conducted by Ahammed, et al. (2021). His research stated that the normal heart rate of adults 
in resting conditions ranges from 60 bpm to 100 bpm [24]. Furthermore, the results of heart rate 
measurements in three respondents are shown in Figure 7. 
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Figure 6. Graph of heart rate measurement results in one respondent 

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Graph of heart rate measurement results for three respondents 

Figure 7 shows the heart rate per minute for three respondents in a resting condition. The 
measurement results show that the average heart rate of each respondent is 83.67 bpm, 90.23 
bpm, and 77.30 bpm, respectively. The measurement results indicate that the heart rates of the 
three respondents are in the normal category. 
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b. Body Temperature Measurement 
Body temperature measurement is done to analyze the patient's body temperature condition. 
The first measurement was carried out on one respondent with different measurement times, 
namely in the morning, noon and afternoon. The second measurement on three respondents 
with the same measurement time is in the morning. The results of measuring body temperature 
in one respondent at different times are shown in Figure 8. 

 

 

 

 

 

 

 

 

 

 

Figure 8. Graph of body temperature measurement results in one respondent 

 

   

 

    

 

 

 

 

 

 

 

 

Figure 9. Graph of body temperature measurement results for three respondents 

Figure 8 shows the body temperature per minute for one respondent with three measurements 
at different times. The measurement results show that the average body temperature in the 
morning is 36.33℃, noonday 36.90℃, and in the afternoon 36.65℃. The results obtained show 
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that the respondent's body temperature is still in the normal category, with a temperature range 
of 36.33℃ to 36.90℃. This is following the standards of the World Health Organization (WHO), 
where the average human body temperature ranges from 36℃ to 38℃ [25]. From the 
measurement results, it can be seen that body temperature noonday is higher than body 
temperature in the morning and afternoon. Differences in temperature measurement results are 
caused by several factors such as ambient temperature and the respondent's activities before 
taking measurements. Furthermore, the measurement of body temperature in three 
respondents in the morning is shown in Figure 9. 

Figure 9 shows the body temperature results in three respondents who were measured in the 
morning. The measurement results show that the average body temperature of each respondent 
is 36.18℃, 36.49℃, and 36.69℃, respectively. Therefore, based on the measurement results, each 
respondent's body temperature is in average condition. 

 Display of Measurement Results on the Web Server 
The heart rate and body temperature monitoring system on the webserver consists of several 
pages, namely dashboard (home), patient data, patient history, medical records, and 
monitoring. First, the measurement results of heart rate and body temperature are displayed 
on the patient history page with a display in data graphs and data tables. Then the display of 
measurement results in real-time is located on the medical record page. The dashboard view of 
the system is shown in Figure 10. 

 

  
 
 
 
 
 
 
 
 

 
 
 
 
 

Figure 10. Dashboard display of IoMT based heart rate and body temperature monitoring 
system 

The figure above shows a web server dashboard display on a heart rate and body temperature 
monitoring system. This page contains information about the average human heart rate and 
body temperature and the use of the types of sensors used in this study. Furthermore, the 
graphic display of the data from the measurement of heart rate and body temperature on the 
webserver is shown in Figure 11. Figure 12 is a table display of data from the heart rate and 
body temperature measurement on the web server. 
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Figure 11. Graph display of data on a web server (a) heart rate; (b) body temperature 
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Figure 12. Table display of data on a web server (a) heart rate; (b) body temperature 

Conclusion 

Research on the Internet of Medical Things (IoMT) based on heart rate and body temperature 
monitoring systems has been successfully conducted. This system can monitor heart rate and 
body temperature remotely by displaying measurement data on a web server. The sensor 
calibration results show the pulse heart sensor's error rate is 0.41%, and the DS18B20 
temperature sensor is 1.09%. After calibration of the sensor, data was collected on the three 
respondents' heart rate and body temperature. The measurement results show that the system 
can store each respondent's heart rate and body temperature data in the database and display 
the measurement results on the webserver in real-time. Based on these results indicate that the 
system that has been made can work well. 
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