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human body function, with a typical range of 60-100 beats per minute for
adults. This study aims to leverage Internet of Things (IoT) technology to
create a monitoring system for heart rate and body temperature.The main
objective of this final project is to design a device capable of monitoring body
temperature, heart rate, and oxygen saturation levels in the human body. The
anticipated benefits of this research include facilitating the continuous
monitoring of body temperature, heart rate, and oxygen saturation levels,
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Keywords: thus aiding in timely health assessments. To achieve this, the study employs
the MLX90614 sensor for temperature measurement and the MAX30100

* Body Temperature sensor for heart rate and oxygen saturation level readings. These sensors are

* Heart Rate integrated with the Arduino Nano microcontroller and NodeMCU

* Oxygen Saturation Level ESP8266.The study’s findings demonstrate that the sensors effectively

*IoT measure body temperature, heart rate, and oxygen saturation levels, as
confirmed by comparison with medical-grade devices. The system developed
in this research performs well and is ready for practical application, providing
the desired benefits of enhanced monitoring capabilities for healthcare
purposes.
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1. INTRODUCTION

Comprehending body temperature is highly crucial for identifying illness
symptoms. It is essential to be aware of the typical range of body temperature and how to
measure it accurately, as well as recognizing abnormal body temperature, as it can indicate
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potentially life-threatening conditions. The normal human body temperature generally falls
within the range of 36.5-37.2 degrees Celsius.Heart rate serves as a parameter to evaluate
the functioning of the human body, with a typical range of 60-100 beats per minute for
adults. The average heart rate provides insights into the heart's activity and overall
cardiovascular health.[1].

The aim of developing an IoT-based heart rate and body temperature monitoring
system is to enable direct online monitoring through Android and desktop devices,
allowing doctors and families to access heart rate and body temperature data anytime. By
using an IoT-based system, geographical distance becomes inconsequential in the
monitoring process [2]. The study draws on related research, such as LM35 Sensors and
SIM80OL Module [4], NodeMCU—an open-source IoT platform [5], real-time health
condition monitoring [6], and heart rate, oxygen saturation levels, and body temperature
assessment [7]. The collected data is then presented through an application [8]. The
importance of maintaining good health is emphasized. Measuring body temperature, heart
rate, and oxygen saturation serves as crucial parameters to identify clinical signs and
enhance disease diagnosis [9]. These supporting technologies involve the use of
microcontrollers and sensors, culminating in the creation of a diagnostic tool utilizing
wireless or loT-based systems [10]. Sensors can be monitored through a single
microcontroller device, and the data can be sent to the cloud. The rapid advancement of
microcontrollers offers an alternative for developing medical equipment and facilitates
checkups at any time [11].

The Internet of Things operates by utilizing programming commands to enable
automatic interactions between machines regardless of distance. It finds applications in
various fields, including security, wherein internet-based controls are employed [12]. A
microcontroller is a tiny controller enclosed within a chip [13]. NodeMCU, an open-source
IoT platform, is composed of hardware in the form of the ESP8266 System On Chip
developed by Espressif System [14]. This platform incorporates the ESP8266 wifi chip into
a board with features similar to an Arduino microcontroller board [15]. An ATmega 328
microcontroller is used [16]. A sensor is a device designed to detect changes in physical
quantities [17]. The MLX90614 sensor integrates a low noise amplifier signal conditioner, a
17-bit ADC, and a powerful DSP unit, achieving high accuracy and resolution in
temperature measurements [18]. The sensor's photosensitive detector converts infrared
energy emitted by an object into an electrical signal, directly proportional to the object's
temperature. The MLX90614 Sensor data can be read using the [2C/TWI protocol [19]. The
MAX30100 sensor integrates pulse oximetry to monitor heart rate signals and blood oxygen
levels. This sensor contains two LEDs and a photodetector, exploiting the properties of red
blood cells, such as light absorption and pulsatile blood flow in the arteries, to calculate
oxygen levels in the body [20].
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2. RESEARCH METHOD

This study is carried out in the implementation stages: Literature Study Method,
Observartion Method, Cyber Method and Interview Method. The research framework in
Figure 1 below:

Observation
Method ] [ Cyber Method ]

Interview ]

Literature
Study Method Method

Figure 1. Research Outline

1) Literature Study Method: Specifically, a way of gathering data about the tool
monitoring system's health from books, the internet, papers, and other sources.

2) Observation Method: Specifically, a way of gathering data about the tool monitoring
system's health from books, the internet, papers, and other sources.

3) Cyber Method: This strategy involves browsing the internet for information and data
relating to the subject being discussed as reference material for the report.

4) Interview Method: Specifically, a technique including interviews and conferences with
the necessary supervisor over the Author's Final Assignment.

2.1. Hardware Design

In Hardware Design, a component is needed to make a device, and below are the
components used in the health monitoring device.

2.1.1. Microcontroller NodeMCU ESP8266

NodeMCU is an open-source IoT platform comprising hardware based on the
System On Chip ESP8266, developed by Espressif System. It operates on the Lua scripting
programming language. It is important to note that the term "NodeMCU" primarily refers
to the firmware utilized rather than the hardware development kit itself. In essence,
NodeMCU can be likened to the foundation firmware for the ESP8266 board [14].

2.1.2. Microcontroller Arduino Nano

The Arduino Nano utilizes the Atmega 328 microcontroller for Arduino Nano 3.x
and Atmegal68 for Arduino Nano 2.x. For the implementation of this final project, the
author has opted for the ATmega 328 microcontroller. The Arduino Nano offers 14 digital
pins that can serve as either inputs or outputs, with their functionalities controlled through
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the pinMode(), digitalWrite(), and digitalRead() functions. Additionally, the Arduino Nano
provides 8 analog input pins, labeled A0 through A7, each offering 10 bits of resolution,
equating to 1024 different values. By default, these pins can measure and set values ranging
from Ground to 5 Volts [16].

2.1.3. Sensor MLX90614

The MLX90614 is a non-contact infrared thermometer designed for temperature
measurement. It incorporates an IR-sensitive thermopile detector chip and a signal
conditioning ASIC, effectively integrated within the sensor packaging of the O-39 model.
The MLX90614 further integrates a low noise signal conditioner amplifier, a 17-bit ADC,
and a powerful DSP unit, enabling the thermometer to achieve high accuracy and resolution
in temperature readings [18].

2.1.4. Sensor MLX90614

The MAX30100 sensor is a combination of pulse oximetry capabilities, enabling it to
monitor both heart rate signals and blood oxygen levels. This sensor is equipped with two
LEDs and a photodetector. It operates based on the unique properties of red blood cells,
which absorb light as well as the pulsating blood flow in arteries. By leveraging these
characteristics, the sensor can accurately calculate oxygen levels in the body. The device
includes a probe with a light source, light detector, and microprocessor, facilitating
comparisons and measurements of oxygen-rich and oxygen-deficient blood cells.
Additionally, the sensor can measure heart rate by analyzing the variations in blood flow
[20].

2.1.5. Assembling Tools

At this stage, after the components needed by the device have been collected, then
here the components are assembled into a health monitoring device.

Figure 2. Circuit Schematic Device
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Figure 2 represents the comprehensive circuit design plan created using hardware
components. The circuit design utilizes a 12V adapter as the power source, which is then
connected to the LM2596 stepdown module. The LM2596 stepdown module reduces the
voltage from the adapter to 5V. The ATMega 328P microcontroller, ESP8266 NodeMCU,
MLX90614 sensor, MAX30100 sensor, and 16 x 2 I2C LCD all directly receive the 5V voltage
from the stepdown controller.

2.2. Design of Devices

The complete design of the Internet of Things-based health monitoring device is
visible in the illustration. Positioned at the top front of the device is an LCD display, which
serves to present the readings from the various sensors. Directly below the display is the
MAX30100 sensor. Slightly to the right, there is a button, and at the bottom center, the
MLX90614 sensor is placed.

Figure 3. Tools Design

Figure 3 depicts a design for a tool in which all sensors are set in one location and
connected to the NODEMCU ESP8266 microcontroller that serves as the device's
microcontroller. Figure 4 depicts the arrangement of all used components:
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Figure 4. Component Layout
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There are components in the overall circuit picture that perform the following

functions:

1. The ESP8266 and ATMega328P microcontrollers, which are used to control electronic
circuits.

2. LCD 16x2 I2C that functions to display data by connecting to a microcontroller via pin
SDA and SCL on the I2C module and pin D2 and D1 on the ESP8266.

3. MLX90614 sensor, which measures temperature by connecting the sensor's SDA and
SCL pins to ATMega328P pins A5 and A4.

4. MAX30100 sensor, which measures heart rate and oxygen saturation by connecting the
SDA and SCL pins to ESP8266 pins D2 and D1.

5. The button functions as input to start reading on the sensor by connecting the pin on
one leg of the button to pin D5 on ESP8266 and the other leg to GND.

2.3. Device Set

The next stage, following the creation of the device design and component layout, is

to assemble the actual device using the sensors and components that were previously
chosen. The device is depicted in Figure 5 below.

(a) (b) (©)
Figure 5. Device Set (a) display image of start testing tool button (b) image reveals LCD output of
pulse testing (c) display image reveals temperature testing output

3. RESULTS AND DISCUSSION

3.1.

Testing of Body Temperature Readings using MLX90614 Sensor

The MLX90614 temperature sensor undergoes testing, taking into account variations

in measuring distance and ambient temperature. The sensor is subjected to 10 test runs, with
data collected at 5 cm intervals, ranging from 15 cm to 60 cm in measuring distance. These
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tests are conducted at different times of the day, including morning, afternoon, and evening,
with three different ambient temperatures. The outcomes of the sensor testing are presented
in Table 1 below.

Table 1. MLX90614 Sensor Testing Results Body Temperature Measurement Test Results (To = 36.3)
with Variation in Measuring Distance and Ambient Temperature (Ta)

Measuring To Ta=28°C Error To Error To Error
Distance (morning) (%) Ta=32.3°C (%) [a=29°C (night) (%)
(afternoon)
15 cm 36.4°C -0.3% 36.8 °C -1.4% 35.5°C 2.2%
20 cm 36.4°C -0.3% 36.8°C -1.4% 35.8°C 1.4%
25 cm 36.3 °C 0.0% 36.7 °C -1.1% 35.8°C 1.4%
30 cm 36.1°C 0.6% 36.4°C -0.3% 36.1°C 0.6%
35 cm 36.2°C 0.3% 36.5°C -0.6% 36.0 °C 0.8%
40 cm 35.7°C 1.7% 35.4°C 2.5% 359°C 1.1%
45 cm 35.1°C 3.3% 35.1°C 3.3% 34.7°C 4.4%
50 cm 34.8°C 4.1% 34.8°C 4.1% 34.1°C 6.1%
55 cm 32.6°C 10.2% 344°C 5.2% 334°C 8.0%
60 cm 304 °C 16.3% 33.9°C 6.6% 31.2°C 14.0%

After conducting the testing, error values were obtained as shown in the table above.
The results of the above testing can be visualized in the form of a graph as depicted in Figure
6 below.

TEMPERATURE MEASUREMENT
COMPARISON

=—&— Morning == Afternoon Night
40
T —
30 \ 4
25
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15
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15¢CM 20CM 25CM 30CM 35CM 40CM 45CM 50CM 55CM 60CM

Figure 6. is a graph displaying the results of temperature measurements over distance.
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3.2. Testing of SpO: Readings using MAX30100 Sensor

The testing of blood oxygen level readings using MAX30100 was conducted through
a direct measurement procedure on the fingertip of the same individual at their body
temperature. The results of the sensor testing can be observed in Table 2 below.

Table 2. MAX30100 Sensor Testing Results for SpO2 Parameter

Pulse Oxymetry MAX30100 Error(%)
96 % 94 % 2.1%
96 % 98 % 2.1%
98 % 97 % 1.0%
98 % 98 % 0.0%
99 % 97 % 2.0%
99 % 98 % 1.0%
97 % 96 % 1.0%
97 % 95 % 2.1%
96 % 98 % 2.1%
98% 97 % 1.0%

After conducting the testing, very small error values were obtained as shown in the
table above. The results of the above testing can be visualized in the form of a graph as
depicted in Figure 7 below.
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Figure 7. Is a Graph Comparing SpO2 Readings With Readings From A Conventional Oximeter
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3.3. Verifying Heart Rate Sensor Readings for the MAX30100

The testing of heart rate readings using MAX30100 was conducted through a direct
measurement procedure on the fingertip of the same individual at their body temperature.
The results of the sensor testing can be observed in Table 3 below.

Table 3. MAX30100 Sensor Testing Results for SpO2 Parameter

Conventional Heart Beat Mete MAX30100 Error(%)
78 BPM 78 BPM 0.0%
77 BPM 80 BPM -3.9%
78 BPM 77 BPM 1.3%
80 BPM 78 BPM 2.5%
79 BPM 78 BPM 1.3%
78 BPM 77 BPM 1.3%
78 BPM 78 BPM 0.0%
79 BPM 78 BPM 1.3%
78 BPM 79 BPM -1.3%
77 BPM 78 BPM -1.3%

After conducting the testing, very small error values were obtained, as shown in the
table above. The results of the above testing can be visualized in the form of a graph, as
depicted in Figure 8 below.
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Figure 8. Is a Graph Comparing Heartbeats Recorded By MAX30100 And Conventional Heartbeat
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4. CONCLUSION

The conclusion drawn from the research results is as follows. The Health Monitoring
Tool successfully measures and monitors body temperature, heart rate, and oxygen
saturation levels of patients. The closer the measuring distance to the MLX90614 sensor, the
smaller the resulting error rate. After conducting tests on the device's sensors, it was found
that the MAX30100 heart rate sensor has a high level of accuracy, with an average error rate
of 1.4% at a stable voltage of 5V. Likewise, after testing the sensors used in the device, it was
found that the MAX30100 oxygen saturation sensor also exhibits a high level of accuracy,
with an average error rate of 1.4% at a stable voltage of 5V. The observations from the
conducted tests reveal that there is a slight difference in accuracy between the readings

obtained from conventional sensors and the results from the created device.
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