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Abstract - The objective of developing the Smart Health Device utilizing the Internet of Things (1oT) with ESP32 is to offer a practical
solution for users who are unable to visit the hospital for regular check-ups. This device is designed following the waterfall methodology,
which encompasses requirements analysis, system design, implementation, and testing. The primary controller of this system is the
ESP32 module, which is integrated with an input circuit that includes a distance sensor, weight sensor, heart rate sensor, temperature
sensor, pressure sensor, and speaker. This design is capable of calculating, monitoring, and managing medical check-up values through
the Blynk 10T application. The results indicate that the Smart Health Device based on 10T with ESP32 operates as intended.
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I. INTRODUCTION

Health is an essential basic need for every individual,
regardless of gender, age, ethnicity, or social group. When
someone experiences a health disorder and is diagnosed as ill,
it can lead to consequences such as the inability to work. This
reason is valid as grounds for leaving duties, which in turn can
result in a decrease in productivity and income for the
individual or the company[1]. The communities living in
Disadvantaged, Border, and Outlying Areas (DTPK) often face
difficulties in accessing quality primary healthcare services.
[2].

A Medical Check-Up is a comprehensive health examination
process that includes various stages. It begins with consultation
and medical interviews with a doctor, evaluation of health
history, and examination of internal and external body organs.
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The primary goal is to detect health problems or diseases as
early as possible. By undergoing this examination, it is hoped
that any health issues can be detected early, allowing for timely
action and appropriate treatment before the condition
worsens.[3].

The relationship between health and Medical Check-Ups is
very close, but people in Indonesia are still less concerned
about undergoing these health checks. Many of them are
reluctant to do so. Besides the lack of awareness of the
importance of maintaining health, this is also due to the
difficulty of access for people living in remote areas. The long
distance between their homes and healthcare facilities makes
them unwilling to undergo Medical Check-Ups. Not only rural
communities, but also urban residents are hesitant to go to
hospitals for these check-ups due to the time wasted as a result
of long waiting times to receive Medical Check-Up services.
Therefore, a solution is needed to provide more practical and
efficient Medical Check-Ups, which can reduce the obstacles
that people might face in undergoing health checks. To achieve
this, a device is being designed that allows for faster Medical
Check-Ups without requiring a direct visit to the hospital or
nearby healthcare centers. This device will use Internet of
Things (IoT) technology to remotely connect and monitor
patients' health conditions..

Internet of Things (10T) is the latest trend in the world of
technology with the potential to become a major aspect in the
future. The concept of loT aims to expand the benefits of
continuous internet connectivity by integrating physical and
virtual objects through data capture and communication
capabilities.[4].

This Final Project focuses on the development of a Smart
Health Monitoring tool capable of performing Medical Check-
Ups for several parameters, including heart rate, blood
pressure, body temperature, height, and weight. All of this data
will be combined to calculate the patient's Body Mass Index
(BMI). The tool also has the capability to send data to the Blynk
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application, enabling patients to perform Medical Check-Ups
without needing to visit the hospital. Additionally, doctors can
access the patient's condition through the data sent by the tool
to the Blynk application. Thus, this tool provides convenience
for patients in monitoring their health independently and offers
relevant information to doctors for making appropriate medical
decisions.

Il. LITERATUR REVIEW

A. Medical Check-Up

A Medical Check-Up is a comprehensive health examination
procedure aimed at early detection of diseases or health
disorders. Through this examination, it is hoped that health
conditions can be detected early on. This test is also useful for
planning appropriate treatment and care methods before the
health condition worsens[5].

B. Heart rate

The heart is a vital organ with a heavy workload, functioning
continuously as a pump that circulates blood throughout the
body. The condition of the heart is influenced by diet and daily
activities, and its function tends to decline with age. A normal
heart rate in humans typically ranges from 60 to 100 beats per
minute (bpm), and maintaining this range is important to
optimize oxygen delivery throughout the body [6].

C. Body Temperature

Body temperature is the balance between heat production
and heat release from the body, measured in units of heat called
degrees. The temperature in question refers to the level of heat
or coldness of a substance. Body temperature is the difference
between the amount of heat produced by bodily processes and
the amount of heat released to the external environment[7].

D. Indeks Massa Tubuh (IMT)

The weight and height of a person are usually measured
using different methods and measuring tools. Additionally,
calculating BMI is often done manually. This phenomenon
highlights the importance of health monitoring and weight
control to reduce the risk of obesity-related diseases and
maintain optimal health[8].

E. Microcontroller

A microcontroller is a computer system that has one or
several highly specific tasks, unlike a personal computer which
has a wide range of functions[9].

F. Components Used
1) MLX90614 Temperature Sensor

The MLX90614 Temperature Sensor is a non-contact
temperature sensor that measures temperature based on infrared
radiation emitted by an object. This sensor can detect
electromagnetic waves in the range of 700 nm to 14,000 nm and
can accurately measure the internal temperature of a human up
to a distance of 5 cm[10].

Picture 1. Sensor MLX90614
2) MPX5700DP pressure sensor
Pressure, denoted by the letter (p), is a physical unit that
represents force per unit area (A) on a substance, such as a
liquid or gas. A pressure sensor functions to convert that
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pressure into an induced signal or an electrical signal that can
be measured and further analyzed[11].

Picture 2. MPX5700DP pressure sensor
3)  Sensor MAX30100 pulse Oximeter
The MAX30100 sensor is a device that integrates pulse
oximetry, heart rate monitoring, and blood oxygen content
measurement. This device is equipped with two LEDs and one
photodiode, and operates with a power supply of 1.8V and
3.5V.3,5V[12].

Picture 3. Sensor MAX30100
4)  Sensor Ultrasonic HC-SR04
A sensor functions to provide feedback information that
is useful for controlling a program by detecting the output of
a particular system or environment[13].
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Picture 4. Sensor Ultrasonic HC-SR04
5)  Sensor Load Cell
A Load Cell is a testing device for electrical equipment
that functions to convert one form of energy into another. This
device is commonly used to transform a force into an electrical
signal[14].

Picture 5. Sensor Load Cell

6)  Microcontroller Esp32

The ESP32 is a microcontroller introduced by Espressif
Systems and is the successor to the ESP8266 microcontroller.
The advantages of the ESP32 microcontroller compared to
others include several aspects such as a greater number of
pinouts, more analog pins, larger memory, the presence of
Bluetooth 4.0 low energy, and WiFi capabilities. These features
enable the ESP32 microcontroller to be applied in Internet of
Things (10T) applications[9].



Picture 6. Microcontroller Esp32
7)  Module HX711
The HX711 module is a device that simplifies the
reading of a Load Cell in weight measurements. Its function is
to amplify the output signal from the Load Cell sensor and then
convert the analog data into digital data that can be interfaced
with a microcontroller[15].

Picture 7. Module HX711
8)  Liquid Crystal Display 16X2 (LCD)

Liquid Crystal Display (LCD) is an electronic
component that functions to display data, which can include
characters, letters, symbols, or graphics. Due to its smaller size,
LCDs are typically used with microcontrollers. LCDs are
available in module form and include data pins, power supply
control, and contrast adjustment.

Picture 8. LCD 20x4
9)  Power Supply
A power supply, often referred to as a power source, is
an electronic device used to lower voltage and convert
alternating current (AC) to direct current (DC). The power
supply functions as a source of power for electronic devices that
require direct current (DC) to operate..

Picture 9. Power supply
A DC water pump
A DC water pump is a type of pump that uses a direct
current (DC) motor as its power source. By applying a voltage
difference across the two terminals, the motor will rotate in one
direction, and if the polarity of the voltage is reversed, the
direction of the motor's rotation will also reverse.

10)

2

Picture 10. A DC water pump
11)  Speaker
A speaker is a hardware device that functions as an

output to produce sound from processed audio[16].

Picture 11. Speaker

I11. METHODS

In the design of a Smart Health Tool based on the Internet of
Things (10T) using ESP32, the waterfall model is a systematic
and sequential research model that is suitable for this study
because it provides step-by-step procedures that align with field
conditions. Although this method is considered outdated, it
remains relevant for developers. The following are the
procedural steps of the waterfall development method[17].

A. Block diagram
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Picture 12. Block diagram
B. Flowcharts Sistem
Flowcharts are used to understand the workflow of the
designed tool. The workflow of this tool is shown in the picture.
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Picture 13. Flowcharts Smart Healt
C. Hardware design
1) Power supply design
The power supply circuit functions as a source of current
used in the circuit.. "
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Picture 14. Power supply design
Overall design
Designing with temperature sensors, heart rate sensors,
blood pressure sensors, ultrasonic sensors, and load cell
sensors functions as input to measure the results of these
sensors in real-time. All sensors require a 5V DC voltage..
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Picture 15. Overall design
D. Software design
The software used to create the program that provides sensor
information for the device includes two types of software:
1) Arduino IDE

The program to be created using the Arduino IDE is a
program for the ESP32 microcontroller to connect to the Blynk
application..

2) Blynk loT

The Blynk loT application is used for monitoring
devices. The creation of the monitoring dashboard is done and
configured directly in the Blynk loT application.

Tugas Akhir
Detak Jantung Suhu Tubuh
OdBm 20 q47°c
Tinggi Badan Tekanan Darah
1920m 4 8 5 3Pa
Berat Badan Body Mass Index

321.13° ()

Pompa

Selenoid

Picture 16. Blynk loT Application Appearance Design

E. Mechanical design

The materials used in the construction of this device include
a thin iron beam for the base and a platform with dimensions of
Length x Width (30cm x 30cm), which serves as a place to
position the Load Cell for measuring body weight.
Additionally, there is a 2-meter long iron beam used as a pole
for measuring height. A solid object is used as a head surface
barrier to ensure more accurate measurements from the
ultrasonic sensor. A black box is used to house the necessary
electronic equipment, along with a support for the Ultrasonic
Sensor. This design aims to facilitate and ensure the availability
of the materials and equipment needed for the construction of a
smart health device. The design also ensures that the device will
have appropriate dimensions and accuracy for measuring
temperature, heart rate, blood pressure, weight, and height
within certain limits.
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Picture 17. Mechanical design

IV.RESULTS AND DISCUSSIONS

This chapter will discuss the testing of a smart health device
based on the Internet of Things (IoT) using the ESP32. The
testing includes both software testing of each system and
overall system testing. After the completion of the hardware
circuit assembly, the next step is to create a flowchart that
facilitates communication between the running programs.

A. Functional Testing

Functional testing part by part based on flowcharts and the
overall system consisting of :

1) Testing of HC-SR04 Ultrasonic Sensor and Load Cell:
This test is conducted to determine the ability to measure body
mass index. The ultrasonic and load cell sensors must be able
to differentiate measurement results that are already registered
in EEPROM. When the ultrasonic sensor is approached by an
object, the output produced will be high, and when the object is
moved away, the output will decrease. On the other hand, the
load cell sensor will produce an output based on the weight of
an object when pressure is applied. If both sensors are used
simultaneously, the result will indicate whether the body mass
index is within an ideal range or not. To determine the values
received by the ESP32, the sensor detection results are sent
through the serial monitor in the Arduino application. The
sensor measurement results will be defined and processed by
the ESP32 before sending the data to Blynk and the LCD.

Table 1. Ultrasonic Testing Results of HC-SR04

Condition of the HC-SR04
Ultrasonic Sensor

Operating Voltage of the HC-
SR04 Ultrasonic Sensor 3V

Inactive oVv

Active 3V
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PIN, 208);

NewPing sonar(

TRIGGER_PIN, ECHO_

sonar.ping_cm(};

loat tinggiBadan = 192.8 -

Picture 18. Ultrasonic Program
The program is designed to periodically read distance
data from an ultrasonic sensor and print it to the Serial Monitor
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every 500 milliseconds. The variable "newDataReady" is used
to check whether new data is available. The measured distance
data, stored in the “tinggi~ variable in centimeters, is considered
valid only if it is a non-negative value. The program then
checks if the desired time interval to print the data to the Serial
Monitor has been reached using the “millis()” function. If the
condition is met, the program prints the measured distance
information along with the unit in centimeters to the Serial
Monitor and updates the last time ('t’). This process
continuously monitors changes in distance from the ultrasonic
Sensor..

Table 2. Load Cell test results

Load Cell sensor condition Load Cell sensor working
voltage 3V
Inactive ov
Active 3V

loadCell(){
Serial.println();
Serial.println("Starting...");

LoadCell.begin();
Load(ell start(2000,

).
f (LoadCell. getTareTlmecutFlag() l] LoadCell getS1gna1T1meoutFlag()) {
‘ Serlal println("T t, che 11 wi and pin designat

S H
(1)

Load(ell et(alFactor(l e)
Serlal println(" is complete”

> (!LoadCell.update());
calibrate();
}
Picture 19. Load Cell Program

The program above aims to initialize and calibrate the
load cell sensor using the HX711_ADC library. Initially, the
program sets a default calibration value (calibrationVValue =
25.41) and starts the sensor. Next, a stabilization time of 2
seconds is carried out to ensure stable values. If a timeout
occurs during stabilization, the program provides an error
message. If not, the calibration value is set, and the message
"Startup is complete” is displayed. The program then displays
several sensor parameters such as calibration value, conversion
time, sampling rate, and settling time through the Serial

Monitor.
if (rnlll' ()} -

i11is();

; CTimel = millis();

| serial.println{"

"3; cTime = millis();
Picture 20. Program BMI

In the picture, a body mass index (BMI) program is
explained. Once both sensors provide their outputs, the body
mass index result will be displayed. To determine the body
mass index, the formula is BMI = WEIGHT / (HEIGHT)"2.
After obtaining the results, the data will be sent to the Blynk
application and displayed on an LCD screen.



2) Testing Pulse Heart Rate Sensor and MLX90614
Temperature Sensor: This testing is conducted to assess the
capability of measuring heart rate and body temperature. The
Pulse Heart Rate sensor detects the heartbeat when it is placed
on the thumb, and the sensor processes this information. The
MLX90614 sensor, when placed on the body, also detects the
temperature and processes it. The output from the MLX90614
sensor is obtained after acquiring the heart rate data from the
Pulse Heart Rate sensor. To determine the values received by
the ESP32, the sensor detection results are sent via the serial
monitor in the Arduino application. The sensor detection results
are then defined and processed by the ESP32 before sending
the data to Blynk and the LCD.

Table 3. Testing the MLX90614 Pulse Heart Rate and Temperature
Sensor

combines two bytes into a single 16-bit (raw) value. The
program then adjusts the raw value based on the sensor’s
configuration, such as shifting the raw value if the sensor has
high resolution (type_s). The Celsius value is calculated from
the raw value by dividing it by 16.0. This entire process is used
to read the temperature data from the MLX90614 sensor and
convert it into a temperature value in degrees Celsius, which is
then sent to the Blynk application for display..

3) Testing of MPX5700DP Pressure Sensor: This test is
conducted to determine the ability to measure blood pressure in
the human body. The MPX5700DP pressure sensor captures
the measurement by attaching a sphygmomanometer to the
wrist, and the device will read the blood pressure gradually.
Wait a few moments to obtain the final result. The output
generated by the sensor and the values received by the ESP32
are sent via the serial monitor in the Arduino application. The
sensor's measurement results will be defined and processed by
the ESP32 before sending the data to Blynk and the LCD.
Table 4. MPX5700DP

Sensor
Sensor Sensor condition working
voltage
Pulse Heart Rate Inactive oV
Active 3V
MLX90614 Inactive oV
Active 3V

dnalcgkpad(DB].

Condition sensor The working voltage of the

MPX5700DP MPX5700DP sensor is 3V
Inactive ov
Active 3V

~primt{bpm} ;
c_wirtualkWrite (W11, n);
ataadcl > 12) &2 x > 13} {
» HIGHY};:

F {{dataadcl < S12) &% {x < 13» L

talkWrite({l3,

L) 5

delaw{2a8} ;5

Picture 21. Program Pulse Heart Rate

The working principle of this program is to detect
changes in sensor values to calculate heart rate, while
monitoring and dlsla ing information on the LCD and Blynk.

raw = (daral ] <=
(type_s3 €
TEw = Taw << I
{datal71 =
raw = {[(raw &

kS

¥ | darafol;

i
byte cfg = (datal[ ] & LE
(cfg —
(cEg
LoEg

) Taw = Taw B ~T;
3 Taw = Tow B ~Z;

3 Taw = Tow B -0
E
celsiws = [

dxraw S H
Picture 22. Program M1X90614

The program above uses the OneWire library to
communicate with the MLX90614 temperature sensor. First,
the program performs a reset on the sensor and selects its
address. Next, it sends a command to measure the temperature
(0x44) and allows time for the measurement. After that, the

program reads the temperature data from the sensor and

int PressureValue = unulogﬁrad(PressurebensurPln}'

float tekanan = (PressureValu
| ‘ tekanan = tekanan /

Picture 23. Program Sensor MPX5700DP
4) Speaker Testing: This test is conducted to determine
the quality of the sound output from the BMI. A DFPlayer MP3
module is used in the speaker to read the output from the BMI
on the ESP32 and pass it to the speaker.
Table 5. Pengujian Speaker

Kondition speaker Tegangan kerja Speaker

No Sound oV

Sound 3V

r. EQ([IFPLAYER EO_HDRW\L)
utputDevice (DFPLAYER_DEVICE_SD);

Picture 24. program Df Player

The program begins with initializing serial
communication through “SoftwareSerial” at a baud rate of 9600
bps to communicate with the DFPlayer Mini module. Next, the
program initializes the DFPlayer Mini using the
‘myDFPlayer.begin(mySoftwareSerial)® method. If the
initialization fails, the program prints an error message "Unable
to begin DFPlayer" and halts execution with a “while (true)’
statement. If successful, the program sets the timeout for the
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DFPlayer Mini and adjusts the sound volume to 25. Afterward,
the program pauses execution for 2 seconds before proceeding
to the main part of the program, which can be filled with control
logic or sound playback as needed.

5) The program begins with initializing serial
communication through “SoftwareSerial™ at a baud rate of 9600
bps to communicate with the DFPlayer Mini module. Next, the
program initializes the DFPlayer Mini using the
“myDFPlayer.begin(mySoftwareSerial)” method. If the
initialization fails, the program prints an error message "Unable
to begin DFPlayer" and halts execution with a “while (true)’
statement. If successful, the program sets the timeout for the
DFPlayer Mini and adjusts the sound volume to 25. Afterward,
the program pauses execution for 2 seconds before proceeding
to the main part of the program, which can be filled with control

logic or sound playback as needed.
1lcd.setCursor(0,8); lcd.print{ d.print{suhuTubuhC);
| | | | | ‘ | | | ‘ led.print{ lcd.print(tekanan); led.print(" *);
lcd.setCursor(@,1); lcd.print{"Ti 3 led.print(tinggiBadan);
VLT T e
lcd.setCursor(8,2); lcd.print
|11 TT L] 2eaprine

'}; lcd.print(weight);

|
lcd.setCursor(8,3); lcd.print{ ");
CETTET T 2ot )3

Lled.print{BMI};

Picture 25. Program LCD
In the picture, it can be explained that the program
displays data for height, weight, BMI, pulse rate/heart rate,
body temperature, and blood pressure, all read by the sensors
with their respective units. This data will then be read by the
Blynk application.
6) Testing ESP32 Connection with Blynk Application:
After designing and creating the Blynk application as outlined
in Chapter 1ll, the Blynk application serves as a control
platform for both iOS and Android operating systems to
manage the ESP32. To test the Blynk application, download it
from the Play Store onto your phone. Open the application and
log in using the email: socong27@gmail.com. The ESP32
program will connect with the Blynk application, and Blynk
will send a token code to the email. Copy and paste this token
code into the Arduino IDE program as shown in the picture..

25 #define ssid

[

ssword

Picture 26. Program Testing ESP32 connection to Blynk
The picture can be explained that to connect to run the
Blynk application you need an Auth token (chart Auth[]) which
is sent via email, then connecting to the Esp32 with Blynk then
turning on the Hostpot on the cellphone and WiFi on the Esp32.
7) Relay Testing for Motor Relays and Selenoids: Relay
testing aims to control the motor in a series of tools. Testing is
carried out manually which has been set in the Blynk
application.

pinMode{motorRelay, OUTPUT);
pinMode{selenodid, OUTPUT);

digitalkrite({selenoid, HIGH);
digitalkWrite{motorRelay, HIGH);

Picture 27. Motor Relay and Selenoid Program Testing

The picture above shows that when the pump status is
manually selected, the pump condition is selected, then the
manual water pump is equal to 0, which can be set by itself.

When the pump status is on, the condition is selected to be equal
to 1 and when the water pump status is off it is equal to 0, as is
the solenoid. You can see the pump and solenoid test results in
the table below.

Table 6. Relay test results with DC motors and selenoids

Komponen Hihg/low bilangan Kondisi
komponen
Motor Dc High 1 menyala
Low 0 mati
Selenoid High 1 menyala
Low 0 mati

From the relay testing results, it has been proven that
the relay operates correctly, as evidenced by the relay being
activated using voltage from the GPIO PIN of the NodeMCU
ESP32.

B. Tool Making Results
1) Hardware Manufacturing Results

PCB layout design is done using Eagle software
because it has many libraries of electronic components.
Additionally, if a component library is not available, users can
also create their own component libraries. The design of the
PCB layout and the results of the overall circuit construction.

Picture 28. PCB layout design

Picture 29. Overall circuit layout
2. Software Design Results
a. Widget
In designing the Blynk 10T control dashboard, the widgets or
components used are :
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1) Labeled Value is used for monitoring body temperature,
heart rate, height, weight, BMI, and blood pressure.

2) Button is used to activate the relay, motor, and solenoid.
Figure 2 shows an example of a low-resolution image
which.

b. Blynk 10T display

Tugas Akhir
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Picture 30. Blynk loT Devices display and control dashboard

3. Mechanical Design Results

Picture 31. Mechanical Manufacturing Results

V. CONCLUSIONS

Based on the evaluation of the design, testing, and analysis
results, several conclusions can be drawn as follows: The
specifications for the Smart Health device have been
successfully designed, with a base dimension of 30x30 cm, a
height of 200 c¢cm, and using wood and aluminum alloy as
materials. From the sensor accuracy tests on the Smart Health
device, different accuracy values were obtained for each sensor,
and the results can be calculated. Integration testing of the
device with the Blynk application shows that the Smart Health
Monitoring can be integrated well. All sensor readings were
successfully transmitted and displayed accurately on the Blynk
application, and the control of the MPX700DP sensor operates
smoothly..

VI.LIMITATIONS AND FUTURE WORK

Based on the results of this Final Project, several
recommendations for further development can be proposed as
follows: including a respiration sensor to measure the
respiration rate on the device, refining the device design to
make it more portable and easier to move, implementing
automatic blood pressure measurement using a motor pump,
replacing the conventional pump cuff to improve efficiency,
and updating the application to allow more users to monitor and
control the device.
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