
Indonesian Journal of Electrical Engineering and Computer Science 

Vol. 22, No. 1, April 2021, pp. 326~334 

ISSN: 2502-4752, DOI: 10.11591/ijeecs.v22.i1.pp326-334      326 

  

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

Design and monitoring body temperature and heart rate in 

humans based on WSN using star topology 
 

 

Setiyo Budiyanto1, Freddy Artadima Silaban2, Lukman Medriavin Silalahi3, Selamet Kurniawan4, 

Fajar Rahayu I. M5, Ucuk Darusalam6, Septi Andryana7 
1,2,3,4Department of Electrical Engineering, Universitas Mercu Buana, Jakarta, Indonesia 

5Department of Electrical Engineering, Universitas Pembangunan Nasional “Veteran”, Jakarta, Indonesia 
6,7Department of Informatics Engineering, Universitas Nasional, Jakarta, Indonesia 

 

 

Article Info  ABSTRACT 

Article history: 

Received Mar 25, 2020 

Revised Oct 10, 2020 

Accepted Dec 5, 2020 

 

 Electronic health (E-health) uses information and communication technology 
including electronics, telecommunications, computers, and informatics to 

process various types of medical information, to carry out clinical services 
(diagnosis or therapy). Health is the most important asset in human life, 
therefore maintaining health is a top priority and serious attention needed. 
Heart rate and body temperature are vital signs that the hospital routinely 
checks for clinical signs and are useful for strengthening the diagnosis of a 
disease. In this research monitoring heart rate and body temperature with the 
wireless sensor network (WSN) method that uses NodeMCU 1.0 as a 
controller module and wireless as communication between nodes, the 

wireless network used in this research Wi-Fi network. As a data taker, a 
DS18b20 temperature sensor and a heart rate sensor (pulse sensor) are 
needed, which will be displayed by the ThingSpeak web and smartphones. 
From the test results, the success rate of the system in detecting heart rates is 
97.17%. Whereas in detecting body temperature the success rate of the 
system is 99.28%. For data transmission, the system can send data smoothly 
at a maximum distance of 15 meters with a barrier.  
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1. INTRODUCTION 

E-Health one of the implementation technology in the world of health. According to (WHO, 2016), 

e-health uses electronic equipment to manage health resources and maintain health. Broadly speaking, e-

health covers three main areas, the first for the delivery of health information for health professionals and 

users of health information using the internet and telecommunications equipment. The second, e-health 

utilizes the development of information technology and e-commerce to improve health services. The third, e-

health uses e-commerce and e-business to manage the health system. Many researchers about health, one of 

which is monitoring heart rate and body temperature [1-4].  

Health is the most important asset in human life, therefore maintaining health is a top priority and 
serious attention is needed. The field of health sciences is developing very rapidly both in terms of medicine 

and other supporting scientific fields such as pharmacy, chemistry, biology and so on [5-6]. In previous 

research monitoring heart rate and body temperature developed a device used arduino board connected with a 
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heart rate sensor, GSM modem, and GPS. The heart rate sensor is mounted on the fingertips, hand 

performances or on the auricle. The sensor detects a human heartbeat which is then processed by Arduino so 

that it can be represented in the form of beat/minute (BPM) [7-8]. 

In the process, the examination of heart rate and body temperature in several hospitals still uses a 

manual system where a nurse must come to the patient's room to see and record the patient's heart rate and 

temperature. This system is less effective because it takes a lot of time. In this research, a wireless heart rate 

and human body temperature monitoring system was created [9-10]. The heart is organ form of a muscle, 

cone-shaped, hollow, with the base above and its peak below it tilted to the left. When blood is pumped out 

of the heart in an artery, known as a palpable artery, a pulse wave, and this pulse can also be felt in the place 

where arteries pass, for example, the radial artery in front of the wrist and fingertips. When this situation, the 
volume of blood at the tip of the finger increases or clots. Then conversely when the heart does not pump 

blood the volume of blood at the fingertips becomes smaller [11-12].  

Body temperature is a balance between heat production and expenditure from the body, which is 

measured in units of heat called degrees. The temperature in question is the heat or cold of a substance. Body 

temperature is the difference between the amount of heat produced by body processes and the amount of heat 

loss to the outside environment. So the difference between the heat produced and body heat expenditure is 

body temperature because body temperature is a reflection of body heat [13-14]. In the condition of the body 

that performs a strenuous physical activity, the human temperature control mechanism keeps the core 

temperature or the temperature of the inner tissue relatively constant, although the outside temperature 

fluctuates the body temperature still depends on blood flow to the skin and the amount of heat loss to the 

outside environment. Due to temperature fluctuations in the environment, acceptable normal body 
temperatures range from 36 ° C to 38 ° C [15-20]. 

 Researchers monitor heart rate and body temperature using the wireless sensor network (WSN) 

method that uses NodeMCU 1.0 as a controller module and wireless as communication between nodes, the 

wireless network used in this research is Wi-Fi network. As a data taker, a DS18b20 temperature sensor and a 

heart rate sensor (pulse sensor) are needed, which will be displayed via the Thingspeak web and smartphones 

[21-23]. By applying star topology, MCU Node technology and Thingspeak facilitate the performance the 

medical team to monitor, maintain, diagnose and manage health data, especially in body temperature and 

human heart rate [24-26]. From the test results, the success rate of the system in detecting heart rates is 

97.17%. Whereas in detecting body temperature the success rate of the system is 99.28%. For data 

transmission, the system can send data smoothly at a maximum distance of 15 meters with a barrier. For 

storage in a database, the system can store heart rate and body temperature data as expected. 

 
 

2. RESEARCH METHOD 

The design of monitoring body temperature and heart rate in humans with the application of 

Thingspeak with the wireless sensor network (WSN) method needs to pay attention to several things that 

must be considered, such as sensors on body temperature, sensors on heart rates, microcontrollers. How the 

quality of service (QoS) of the network at a certain distance within the range of NodeMCU on the Wireless 

Sensor Network is implemented, parameters that must be considered in monitoring body temperature and 

heart rate in humans with Thingspeak application with wireless sensor network (WSN) system, and 

monitoring via website thing speak with an IoT-based wireless sensor network system in monitoring body 

temperature and heart rate in health can overcome and provide solutions to the world of health. implementing 

this system is useful to facilitate the performance of the medical team to monitor, maintain, diagnose and 
manage health data, especially in human body temperature and heart rate. 

 

2.1.   System prototype design method 

The system design stage consists of four (4) main stages, namely: 

a) Architectural design of the system monitoring the condition of body temperature in humans and 

monitoring the heartbeat frequency in humans. 

b) Design of the station node.  

c) Design of the node coordinator.  

d) Design of the interface application through the smartphone application media and also Website-based 

application interface.  

the design of the system communication architecture is carried out in a star topology, where the end device 

(station node) is connected directly (direct communication) to the controller and monitor (node coordinator). 
Implementation of coordinator nodes in the research of 1 (one) coordinator node, which is 

Thingspeak which is also a provider of interface applications through the website, Thingspeak on the 

coordinator node is a data storage service on the server that can also be a controller and monitor of the node 
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Station by utilizing communication Wi-Fi in NodeMcu at the station node in the field. The implementation of 

station nodes in the field in this research made 2 (two) station nodes consisting of 1 station node initialized 

station node 1 and 1 other station node initialized station node 2 which is intended for the pulse sensor 

module and DS18B20 sensor (implemented on the end device on the station node side 1 and side 2 of the 

coordinator node), the design of the system architecture with the star topology is shown in Figure 1. 

 

 

 
 

Figure 1. System architecture with star topology 

 

 

The prototype system in this research is defined as an integrated device so that it can carry out the 

process of data acquisition in real terms from the results of recording information at the node of each station 

in the form of values of temperature parameters of body temperature and heart rate (node stations 1 and 2). 

Data recorded by the station node that is placed in a predetermined field is transmitted through the Wi-Fi 

network with the star topology method to the coordinator node as the controller and monitor, then the 

information is transmitted to the server. Data is displayed through the website interface application and the 

Smart Phone application. 
 

2.2.   Data acquisition 

The data acquisition process carried out by MCU 1.0 Node microcontroller which is placed in each 

station node namely station node 1 and station node 2. The data recorded by each sensor in the field in real-

time, are acquired through MCU node 1.0 at each station node. At node stations 1 and 2, the process of data 

acquisition by the microcontroller Node MCU1.0 is recording or collecting data in the form of human body 

temperature (˚C) and heart rate frequency detected by the heart rate sensor module and the pulse sensor 

module, these data then transmitted over the wifi network on the star topology directly to the coordinator 

node for further data processing. Data is then displayed through the website and smartphone interface 

applications. 

 

2.3.   System testing method 

The testing method and analyzing system performance through a smartphone application interface 

connected to the coordinator node are done through a monitoring center. In this study, the system warning 

limits are applied to the temperature and heart rate phenomena that change. Analysis and measurements are 

carried out through the heart rate module and body temperature which is implemented in it the pulse sensor 

module as a sensor that detects the heartbeat and the DS18B20 module as the sensor detects body 

temperature with a normal heart rate limit which is between 60 bpm to 100 bpm, the beat disturbed heart 

which is less than 60 bpm and more than 100 bpm, and normal body temperature which is between 36 ˚C to 

37 ˚C, disturbed body temperature which is less than 36 ˚C and more than 37 ˚C. If one of the boundary 

indicators is met, the node coordinator module conveys information messages of phenomena that occur to the 

monitoring center via WiFi communication to users as monitors. 

 
 

3. RESULTS AND DISCUSSION 

3.1.   Station node design implementation 

Station node is a set of the hardware placed in the field to acquire and record data in the form of 

body temperature and heart rate data from the sensor module implemented in it and the information is then 

forwarded to the coordinator node. Station nodes designed in this research are station node 1 and station node 

2. The pulse sensor module is a module that utilizes infrared waves, LED power indicators and LED signal 
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indicators. The voltage supply for pulse sensor modules ranges from 3.3V to 5V (optional). The output of the 

pulse sensor module is a digital logic quantity through port D1 that is connected to the microcontroller. 

Output port D0 is the logic value "1" if there is a "Beat" vibration detected by the sensor and vice versa 

output will be the logic value "0" if no heartbeat is detected. It also consists of a DS18B20 sensor in the form 

of a Thermo Couple which is sensitive to temperature, in use it requires a resistor as a load to connect to data. 

Figure 2 shows the architecture of station nodes 1 and 2 which have the same sensor. 

 

 

 
 

Figure 2. Architecture of Station Nodes 1 and 2 

 

 

The NodeMcu module is designed to acquire, record, transmit and process sensor data. The 

NodeMcu module on the system is programmed through the Arduino integrated development environment 

(IDE) software. Arduino IDE is used to write, edit code, enter function formulas and change the code into 

Arduino devices. The programming language is Arduino IDE C/C ++. The Arduino IDE transfers 

instructions to the Arduino board or upload process. 

 

3.2.   Heartbeat frequency analysis and measurement 

Data from the acquisition of station nodes 2 and 1 are sent to the coordinator node and monitored 

through the monitoring center, in the form of a measured heart rate frequency on the system as shown in 
Table 1, measurements are taken here for 1 day on October 9, 2019, and the time for measurement and 

analysis is 12 hours from 15.00 WIB-02.00 WIB with shaving on the same object. 

Node stations 2 and 1 are sent to the coordinator node and monitored through the monitoring center, 

in the form of measured body temperature in the system, measurement here for 1 day on October 9, 2019, 

and the time for measuring and analyzing for 12 hours from 15.00 WIB-02.00 WIB with shaving on the same 

object. The measurement results on the stethoscope mean object 1 is 79.6 bpm and object 2 is 83.75, whereas 

if the measurement uses a pulse sensor the average object 1 is 79.3 bpm, and object 2 is 84.75 bpm. 

 

 

Table 1. Measurement of heartbeat frequency in nodes 1 and nodes 2 
No Time Heart rate is measured in real time 

using a stethoscope (bpm) 

The average heart rate using a pulse 

sensor (bpm) 

Object 1 Object 2 Object 1 Object 2 

1 15.00WIB 78 80 76 80 

2 16.00WIB 75 91 75 94 

3 17.00WIB 85 74 85 73 

4 18.00WIB 85 96 87 98 

5 19.00WIB 83 73 81 74 

6 20.00WIB 74 68 75 68 

7 21.00WIB 88 93 87 98 

8 22.00WIB 67 80 64 78 

9 23.00WIB 77 80 78 79 

10 24.00WIB 79 85 77 89 

11 01.00WIB 85 90 86 92 

12 02.00WIB 80 95 81 94 

 

 

3.3.   Analysis and measurement of response time and sensitivity of system performance detecting body 

temperature 
Data from the acquisition of the station 1 node is sent to the coordinator node and monitored 

through the monitoring center, in the form of measured degrees Celsius (˚C) on the system. Data in the form 

of calculations and analysis of the sensitivity of system performance through the response time displayed by 

the application interface Smartphone applications and website interface applications that can be accepted by 

researchers at the monitoring center. The farther the distance of the station 1 and station 2 scenarios to the 
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coordinator node significantly influences the average value of the system's response time to actively respond 

to changes in body temperature, and the longer the node station sends a disturbance signal to the coordinator 

node, the longer the node response time station 2. 

It can be seen in Figure 3 that the optimal average response time value is 16.45 seconds in the 

measurement and analysis of the 10 m distance scenario of station 1 and station 2 nodes to the coordinator 

node, the system can detect changes in body temperature and conduct monitoring in face-to-face applications. 

website. The average response time value significantly increased to 18,475 seconds in the measurement and 

analysis of the 20m distance scenario, station node 1, and station 2 node to the coordinator node. In the 
measurement and scenario analysis, the distance reaches 20m at station 1 node and 2nd station node to the 

coordinator node, the average response time value is unstable because the coordinator node does not 

optimally capture the data network through Wi-Fi communication at each station node, which is 32.64 

seconds, and There is an increase in time at node station 2 because node station 2 receives an interference 

signal from node station 1 first before sending it back to the node coordinator. 

 

 

 
 

Figure 3. Graph Analysis of the System's Response Time Detecting Body Temperature 

 

 

3.4.   Website-based application testing interface 

Testing and analyzing system performance through the website interface application is done by 

accessing Http // thingspeak.com (node coordinator) and accessing the website browser link. The first stage 
in monitoring system performance through the website is by going to the website thingspeak.com and then 

logging in using the user-id and password afterward to the intended channel. In this research, the researchers 

made 2 channels that were initialized with "Tool 1" and "Tool 2" which functioned as a place to store data 

that had been sent by the node and as a communication and controller between the node. Researchers as 

observers or users can monitor the performance of real-time systems through the website display displayed 

on the browser page. Data displayed in real-time or renewable every 10 seconds. Data that is displayed 

through the website page in real-time is information in the form of body temperature, heart rate frequency 

and the state of the sensor whether it is disturbed or not. Figure 4 shows the appearance of the website 

interface application when the system operates in the normal state of station node 2.  

Figure 4 shows the appearance of the website interface application when the system operates in an 

abnormal condition. Through the body temperature sensor by using the DS18B20 sensor and the heart rate 

sensor that is the pulse sensor at the node station 1, detected vibration information exceeds the limit. This is 
indicated by the indicator field 3 indicating an increase in number 1. 

Figures 4 and 5 are monitoring media or the user can monitor the performance of the system in real-

time through a website display that is displayed on a browser page. Data is displayed in real-time or updated 

every 10 seconds. The data displayed on the website page in real-time is information in the form of body 

temperature, heart rate frequency, and the state of the sensor whether it is disturbed or not.  
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Figure 4. Website interface application display (Normal: station node 2) 

 

 

 
 

Figure 5. Website interface application display (Abnormal: station node 1) 

 

 

3.5.   Application testing interface based on smartphone applications 

Testing and analyzing system performance through smartphone application-based interface 
applications provided by the MIT App Inventor. System work flow diagram, in which information is 

forwarded to the smartphone of the researcher through the application as a monitor or user at the monitoring 

center if one of the boundary indicators by the station node 1 and station node 2 in the system workflow 

diagram is fulfilled. The following are Figure 6, displaying information in the form of design drawings from 

the application in abnormal circumstances to researchers as monitors or users at the monitoring center to alert 

the process. Information in the form of text warning of disturbance values caused by body temperature or 

heart rate increases or decreases which will display a warning sign corresponding to the disturbed station 

node. It also displays the latest results from body temperature and heart rate. 
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Figure 6. Display smartphone application interface (abnormal: station nodes 1 and 2) 

 

 

3.6.   Analysis of system testing results 

Comparison between body temperature measurements that are measured in real terms using a 

thermometer and body temperature measurements using a DS18B20 sensor that will tell you how much is the 

error between direct measuring and measurements using DS18B20. Website-based interface application 

testing (http://thingspeak.com) is by the objectives of the research where it is displayed in real-time, and 

through the application of the smartphone, application interface displays warning information about 
phenomena that occur at station nodes. 

 

 

4. CONCLUSION 

We have succeeded in realizing a device for measuring body temperature and heart rate based on 

IoT. Both of these data were successfully sent and can be widely accessed via web pages using 

thingspeak.com and smartphone applications. From the results of tests that have been carried out the 

frequency of the heart rate is measured using an average stethoscope on object 1 and object 2 is 81.70 bpm. 

While the results of tests that have been carried out heart rate frequency are measured using an average pulse 

sensor on object 1 and object 2 is 82.04 bpm. For an average body temperature of 29.16 degrees Celsius. The 

success rate of the system in detecting heart rates is 97.17%. Whereas in detecting body temperature the 
success rate of the system is 99.28%. For data transmission, the system can send data smoothly at a 

maximum distance of 15 meters with a barrier. 
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