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1. INTRODUCTION

The internet of things (l0T) is an interesting study material in the current era. 10T is currently
growing and widely used where every electronic device around us can be connected to each other so that
complex communications can be formed. With this 10T technology we can connect objects such as lights,
fans, smartphones, sensors and actuators to the internet so that we can control them and allow for forms of
communication between objects and humans [1]. So that with lot human will be easier to monitor and check
all activities remotely. 10T, if described more specifically, has been controling and monitoring the
technology. Control technology connected to 10T can be developed to support the current government's target
of building making Indonesia 4.0. Utilization of 10T can be applied to devices for automatic thermogun by
utilizing arduino and ESP32 cam [2]. The results of Lilik's research [3] which made a monitoring system for
the patient's body temperature and heart rate using loT, was able to develop e-health technology and assist
medical personnel in monitoring the patient's condition. 10T in the health sector is also used as a monitoring
technology for fall risk assessment, fall prevention and fall detection in healthy elderly using 2 sensors,
namely accelerometer and gyroscope [4].

Other researchers have developed IoT and Arduino applications, including Murad et al. [5] have
succeeded in developing smart home systems with two levels of security based on 10T technology. They have
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used Arduino and NodeMCU microcontrollers. Velasco et al. [6] have applied the arduino yun and arduino
uno to monitor the stock in the refrigerator wirelessly by accessing the android application. Rahman et al. [7]
have successfully developed a temperature and humidity monitoring system using the Arduino Mega 2560
R3. Rafiqg et al. [8] have applied infrared sensor and arduino to improve electricity efficiency based on loT.
Meanwhile, the implementation of the embedded real-time temperature and moisture monitoring system
using the loT-based Arduino application has been carried out by Hashim et al. [9].

Corona virus or known as Covid-19 has been epidemic in the country since the end of February
2020. With this case the government has implemented several policies, including urging people not to leave
the house to break the chain of spreading the virus. If you leave the house, you must wear a mask, keep your
distance and clean your hands. As has been informed through various media, that the corona virus can be
transmitted through physical contact with symptoms that are very similar and familiar to illnesses to
Indonesian and the world.

Early prevention of the spread of Covid-19 is carried out by checking body temperature. This has
been done by the government at several entrances to public places and shopping, because it is a location that
has the potential to transmit Covid-19. Body temperature checks is carried out by officers generally use a
thermogun. The use of the thermogun by officers is still felt to be ineffective, because officers have to
approach the object to be measured in temperature. This condition raises the need for automatic thermogun.
Automatic thermogun can help officers, where the measurement of body temperature without having to be
done by the officer because the tool takes measurements of body temperature automatically. A related
research to this research is the design of a digital contactless infrared thermometer based on Arduino nano
[10]. All processes in this study have gone well that the digital contactless infrared thermometer is able to
measure human body temperature automatically.

Based on the description above, and oberserved the current situation that has occurred in the Covid-
19 pandemic, researchers made a device to detect a person's body temperature that is easy to apply to
government agencies or public places. The device is made using Arduino Pro mini and ESP32 Cam and sent
the results of measurements of body temperature and condition of a person via a web interface that has been
made previously [11]. The advantage of this research is that there is a photo-taking feature that is sent via a
web interface to find out whether a person is healthy or sick after measuring the temperature.

2. RESEARCH METHOD

The research method used is engineering research. This study applies science into a design in order
to obtain performance in accordance with specified requirements [12]. The design is a synthesis of design
elements combined with the scientific method into a model that meets certain specifications. Research starts
from determining design specifications that meet the specified specifications, selecting the best alternative,
and proving that the selected design can meet the specified requirements in an efficient, effective and low

cost. Computer software research can be classified as engineering research [13].

The research steps carried out are as follows:

a) Literature study: at this stage, data collection and theoretical assessment are carried out regarding the
materials needed for the required design. The materials collected and reviewed are either literature
needed for both software and hardware

b) Design: at this stage the design is carried out both in software and hardware design. The results at this
stage are hardware designs obtained both block diagrams and circuits based on the electronic
components that have been obtained and the software design and software flow are obtained

¢) Simulation:at this stage, a simulation is carried out on the software and hardware design based on the
design results in the previous stage in order to obtain simulation data on the function of each part of the
software and hardware

d) Implementation: at this stage, a combination of hardware and software is carried out. The result is
synchronization between software and hardware that has been designed and simulated.

e) Verification: at this stage, the verification process is carried out on the tools that have been made with
the simulation results of software and hardware. The result at this stage is that the tool can measure
temperature automatically, find out human health conditions, take photos, and be able to send
measurement data and photo images to the web interface page.

f)  Testing: at this stage, a final test is carried out on the system that has been created to determine the level
of success, whether it is in accordance with the scenario of the objectives to be achieved.

2.1. Proximity sensor
The design of an automatic temperature measuring device in this study uses a proximity sensor and a
DC motor drive. The proximity sensor used is an infrared sensor Type E18-D80NK as shown in Figure 1.
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This infrared sensor can be powered with 5 V and detection distance can be adjusted from 3 cm to 80 cm
with NPN output. It can be used at automation machine and mobile robot for obstacle detecting. The sensor
provides a non-contact detection. The implementations of modulated IR signal immune the sensor to the
interferences which caused by the normal light of a light bulb or the sun light [14].

o)

Figure 1. Infrared sensor Type E18-D8ONK

2.2. Microcontroller

A microcontroller is a single chip computer that includes a minimum of a microprocessor, memory,
and input-output modules. Depending on the complexity, some microcontrollers include additional
components such as counters, timers, interrupt control circuits, serial communication modules, analog-to-
digital converters, digital signal processing modules, and so on [15]. Microcontrollers are used in products
and tools that are automatically controlled, such as machine control systems, remote controls, office
machines, household appliances, heavy equipment, and toys. The presence of a microcontroller makes
electrical control for various processes more economical. With the use of this microcontroller: i) the
electronic system will be more compact, ii) the electronic system design will be faster because most of the
system is software that is easily modified, and iii) the search for interference is easier to trace because the
system is compact.

2.3. Arduino pro mini

Arduino pro mini is a microcontroller board with ATmega328. Several studies [16], [17] used
Arduino pro mini to control the tools. The Arduino pro mini has 14 digital input/output pins, of which 6 can
be used as PWM outputs, 6 analog inputs, an on-board resonator, a reset button, and holes for pin header
mounting. The six-pin header can be connected to any FTDI or sparkfun board breakout cable to provide
USB power and communication for the board. The Arduino Pro Mini is meant for semi-permanent
installation on an object. The pro mini allows the use of various types of connectors or direct soldering of
cables. All important data sent wirelessly by arduino pro mini can be displayed in real time. Layout pins are
compatible with Arduino Mini [18]. Arduino pro mini is shown in Figure 2.
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Figure 2. Arduino pro mini [18]

The Arduino Pro Mini can be powered with an FTDI cable or breakout board connected to its six-
pin header, or with a 3.3 V or 5 V voltage (depending on the model) on the VCC pin. There is a voltage
regulator on the board so it can accept voltages up to 12VDC. If your power supply is regulated to the board,
make sure it is connected to the "RAW" pin on not VCC.
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2.4. ESP32 cam

This module is a Wi-Fi module that is equipped with a camera. From this module it can be used for
various purposes, for example for CCTV, taking pictures and so on. Another feature is that it can detect faces
and face recognition. The ESP32 cam has a very competitive small size camera module that can operate
independently with a minimum system. ESP32 cam can be used widely in various 10T applications. It is
suitable for smart home devices, industrial wireless control, wireless monitoring, QR wireless identification,
wireless positioning system signals and other 10T applications. Several studies [19], [20] have used ESP32
cam as an ideal solution for 10T applications.

2.5. MLX90614 infrared temperature sensor

The MLX90614 sensor is an infrared thermometer that is used to measure temperature without
coming into contact with an object [21]. This sensor consists of an infrared based temperature sensitive
detector chip and an ASSP signal conditioner which is integrated with the TO-39. This sensor is supported by
a low noise amplifier, 17 bit ADC, DSP unit and thermometer which has high accuracy and resolution. The
thermometer is calibrated with a digital output from the PWM and SMBus. As a standard 10-bit PWM will
show a temperature change that is measured continuously with a temperature range on the sensor minus 40 to
120 degrees celsius and an object temperature range from -70 to 380 degrees celsius with an output
resolution of 0.14 degrees celsius. The circuit and physical display of the MLX90614 temperature sensor can
be seen in Figure 3.

MLX90614Axx: Vdd=4.5...5.5V

J1 1] MLX90614
SCL
SDA
Vdd
GND —-“I |
CON/1 0.1luF
@ (b)

Figure 3. MLX90614 infrared temperature sensor. (a) physical display, (b) electronic circuit [22]

The PWM pin can be used as a temperature change relay (to as input), which is easy and cheap to
use in a thermostat or temperature warning (freeze or boil). Temperature thresholds are easy to program. On
the SMBus, this feature has a function as an interrupt on the processor that can trigger a reading of all the
slaves on the bus and determine the actual conditions. Normally, the MLX90614 sensor can sense objects
with an emissivity of 1. However this sensor can be calibrated easily to sense objects with an emissivity of
0.1to 1. MLX90614 can use 2 alternative voltage sources, namely 5 V or 3 V batteries. The pin position can
be seen in Figure 4 and the description is in Table 1.

Y Y
2 - PWM/ 1-SClU
SDA Vz
3-VDD 4-VSS

Y Y

Figure 4. MLX90614 sensor pin description [23], [24]
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Table 1. Description of MLX90614 sensor pin hame and function [24]

Pin Name Function
VSS Ground
SCL/Vz Input Clock Serial for Wired Communication Protocol 2
PWM/SDA Digital Input/Output
VDD External Voltage Source

2.6. Buzzer

Buzzer is an electronic component which has function to convert electric vibrations into sound
vibrations [25]. The buzzer as shown in Figure 5. Buzzer is usually used as an indicator that a process has
been completed or an error has occurred in a device [26].

Figure 5. Buzzer [26]

3. RESULTS AND DISCUSSION

The design of this tool is divided into two main parts the first is hardware design and the second is
software design. Design software includes flowcharts and web interface design. Figure 6 shows a block
diagram regarding hardware design.

—p ESP 32 CAM
— ’,-\\
>
S Suh WEBSITE
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MLX 90614 —» Arduino Promini
ﬂ'
.
—» Buzzer

Figure 6. Block diagram of automatic thermogun implementation with arduino promini and ESP32 cam

Figure 6 shows the block for tools or hardware and the block for the website. Tool blocks include
the arduino promini, ESP32 cam, MLX 90614 temperature sensor, and buzzer. This block can send and
receive data to and from the server. Arduino is used as the main brain of the system where arduino will read
data from the temperature sensor. The sensor data will continue to besent to the server by Arduino via the
ESP32 cam module. The ESP32 cam module can also send photos automatically when maotion is detected
[20]. The arduino will command the ESP32 Cam to take a picture and send it to the server. This is one of the
real requirement of the arduino in the system [27]. Furthermore, the hardware assembly as shown in Figure 7.
The software design is made by a flowchart for the system shown in Figure 8.
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Figure 7. Hardware design result
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Figure 8. Flowchart of the whole system

There are two types of data transfer, that are serial data transfer from arduino and client-server data
transfer on ESP32 cam. For the serial data speed, settings are made in the arduino programming that is using
the baud rate value on the Arduino, the greater the baud rate value, the higher the transfer speed. However,
because communication that involves electrical signals and data synchronization processes is very susceptible
to errors and noise, it is recommended not to exceed the speed of 115,200 bps for communication on the
arduino [28]. Meanwhile, the speed of the client-server data depends on the speed of the internet signal used,
how much data is sent from the server to the client and it can also go through the delay value set during
programming.
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In terms of sending data, the arduino pro mini will read data from the MLX90614 temperature
sensor regarding human body temperature. The reading data will be sent serially via the ESP32 cam so that it
can be displayed on the website interface page. If the temperature is greater than 37.50 C, the Arduino will
activate the buzzer to indicate that the body whether is healthy or sick. Then the data received by the ESP32
cam will be sent to a server with a WiFi connection. When the MLX90614 temperature sensor has finished
processing the body temperature reading, Arduino will immediately send a command to the ESP32 cam to
take a picture and send it to the website interface page [11].

The next part is web interface design. In this design, there are 3 parts that display information about
human body temperature, human body condition and photo images that have been captured automatically.
After all the designs and programs have been created that involve the process of verifying the function of
each part, the next step is testing the tools. The tests carried out include testing data delivery to the website,
and testing automatic image capture. In the data delivery test section, testing is carried out related to the
sending of sensor data which includes data from the MLX90614 temperature sensor as well as sending the
capture results from the ESP32 cam. This test is intended to see whether the data is successfully displayed or
not on the sensor result data page. To find out the average temperature measurement error on the MLX90614,
a comparison was made by measuring temperature using a thermogun.

Table 2 shows the results of testing the MLX90614 temperature sensor data where from the test
results all sensor data read from the Arduino Pro Mini and sent via ESP32 Cam was successfully sent to the
server and successfully displayed on the website interface page. While the measurement results from
MLX90614, as shown in Figure 9. With an accuracy of measurement of 99.6% [29]. The average
temperature measurement error on the MLX90614 with a thermogun is 3.8%.

Table 2. Data transmission of MLX90614 temperature sensor results and photo capture results

Componen Name Testing Transmitte to
P 1 2 3 4 5 6 7 8 9 10

Thermogun 363 3561 3523 3515 3526 3535 3515 35.2 35.55 35.2
MLX90614 365 3563 3522 3517 3525 3537 3517 3523 3553 3531

Camera Ok Ok Ok Ok Ok Ok Ok Ok Ok Ok
Buzzer Off Off Off Off Off Off Off Off Off Off
MLX90614

36,5
gJ r
2
® 36
L8]
=2
g 355
h
. il l il l
@
34,5
1 2 3 4 5 6 7 8 9 10

Measurement

Figure 9. MLX90614 measurement chart

The result data that has been processed and sent via the ESP32 cam can be seen by the user on the
website interface page. Figure 10 shows the MLX90614 temperature sensor data and the camera capture
results displayed on a web page where the page contains data related to temperature data, a person's
condition, and the results of the capture from the camera. While the results of the tool design are shown in
Figure 11. In general, the test results have been successful, but there are obstacles when the tool is placed
outside the room. In the process of object initialization, we often get interference with the objects around it,
because the proximity sensor is too sensitive and sometimes the proximity sensor cannot detect the human
body at a predetermined distance. The next research proposal is to change the mechanical construction so that
it will limit the sensitivity of the proximity sensor which always detects objects around it. Furthermore, the
microcontroller can use the arduino mega or arduino uno so that the reading speed is more stable.
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Figure 11. (a) results of automatic thermogun design in unesa campus rectorate building [11],
(b) results of automatic thermogun design in unesa control system laboratory

4. CONCLUSION

The implementation of temperature monitoring with arduino promini and ESP32 cam for this
automatic thermogun has been successfully made and ran well. The test results of all sensor data read from
arduino pro mini and sent via ESP32 cam were successfully sent to the server and successfully displayed on
the website interface page. The measurement accuracy of the MLX90614 is 99.6%. However, there are
problems with the proximity sensor, which is too sensitive, making it easy to detect objects in the vicinity.
This can be overcome by designing the mechanical construction in such a way that it can limit the sensitivity
of the proximity sensor. It can be used in the next proposal to help measure body temperature as an early
detection of Covid-19 symptoms, which can be placed at the entrance of a building or room.
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