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ABSTRACT

The use of solar panels in bird pest control equipment in the rice field zone is based on the internet
of things (lIoT), which aims to create bird pest control equipment for farmers. This control system
is equipped with a PIR sensor whose role is to determine the presence of birds in the rice field
zone. The distance range when a bird is found is 5 meters, and an ultrasonic speaker will be active
when there is bird movement in the rice field. This speaker uses an ultrasonic wave frequency of
20 kHz. RTC testing is used as a timer to reset the number of invasions in 1 x 24-hour intervals at
00.00 WIB. Next, there is a test of sending (transmitter) and receiving (receiver) LoRa material
information near + 450 meters, information to be sent and placed on the dashboard things board.
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INTRODUCTION

Indonesia is an agricultural country, one of
Indonesia’s crops is rice which is the staple food
of Indonesian citizens. Rice or in Latin Oryza
sativa is one of the most cultivated plants in
today's civilization. In Indonesia itself, rice is
the staple food every day for Indonesian
citizens, therefore Indonesia is a country that is
synonymous with rice as the main food of its
population. In the process of planting rice, there
are challenges that farmers will experience, one
of which is bird pests. The increasing problem
of bird pest attacks can cause serious damage to
rice so farmers' rice harvests decrease. Bird pest
attacks generally range from when the rice is 25
to 30 days old (the period when rice flowers
develop). Various obstacles to rice cultivation
give rise to shaky food security [1-3].

Bird pests are one of the main enemies of
farmers who can harm plant production. The
bird population continues to increase causing
crop yields to decrease. On average, bird pests
eat 5 — 10 g of rice. Attacks by groups of birds
have disturbed farmers planting rice. Bird pest
attacks include consuming rice grains during
the ripening period of milk or rice with a
planting period of 70 days. Due to bird

invasions, rice production fell by 30% - 50%.
Over the last 10 years, the development of
Indonesian rice production has increased, and in
2045 the Ministry of Agriculture of the
Republic of Indonesia designated Indonesia as
the world's food basket, to ensure the stability
of rice production in the years to come, making
it necessary to estimate early the problems
encountered in rice production. One of them is
the difficulty of controlling rice-eating bird
pests [4-6].

Solar panels are equipment that can convert
solar energy into electrical energy or as it is
often called photovoltaic. In PLTS, solar panels
are the most important component and use WP
units. Solar panels are not only environmentally
friendly, but they also have advantages, one of
which is saving on electricity bills [7-9]. With
today's technological developments and
problems, the author got the inspiration to
create another alternative, namely producing
equipment to control pests. One of them is by
using solar panels as a voltage source for bird
pest control equipment in the rice field zone
based on the internet of things (IoT) using an
ESP32 microcontroller based on the 10T. PIR
sensors to detect pest movements and ESP32
are used for monitoring. So it can help farmers
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to be more efficient in monitoring using 10T in
rice fields. 10T is a concept to expand the
benefits of continuously connected internet
connectivity to monitor pests on rice plants.

LITERATURE REVIEW

Pests are the causes of destruction in plants
which can be seen using the five senses, namely
the eyes. In the rice field area, there are many
pests, one of which is a group of small birds
that eat seeds or are often called sparrows.
Farmers generally make equipment to control
bird pests by using strands of rope provided
with objects that make a sound when the rope is
pulled. This causes the birds to be startled and
fly away from the rice so they can't eat. The
sparrow or bond (Latin: genus Lonchura) is a
small bird and also a seed eater, this species is
widespread in tropical areas including
Indonesia. This bird generally inhabits areas of
grass, rice fields, grasslands, bushes, and forest
edges [10-12].

Solar panels are a device system that
converts light and sunlight energy into
electrical energy through a photovoltaic impact
process also called photovoltaic cells (PV for
short). The electrical voltage produced from a
solar cell system is very small, around 0.6V
without load or 0.45V with load. To obtain a
large enough electrical voltage as desired,
several solar cells can be arranged in a series
circuit.  Solar cells are made from
semiconductor materials, namely silicon, which
functions as an insulator at low temperatures
and as a conductor when there is power and
heat. In simple terms, the working principle of
the solar panel system is that when sunlight hits
the solar panel, the valence electrons in the
solar cell material will experience movement
from N to P, so that at the output stop pole of
the solar panel it will create an electric current.
The amount of electrical energy depends on the
number of solar cells combined in the solar
panel and the number of serious rays of solar
radiation that hit the solar panel [13-15].

loT is access to electronic features via the
internet. Access to this feature occurs due to

human contact with the feature or by using a
network to share information, share access, and
also think about the security involved in access.
This loT was first reported by Kevin Aston in
1999. The Internet of Things is used in a
collection of features that are connected to other
features on the internet network. This feature
consists of Things whose job is to record
information in an area or object. The results of
the recording are in the form of information,
after which they are forwarded or sent to an
application located on the internet. The
information obtained is then processed further
to show the data stored behind a set of
information. 10T can be developed using
universal electronic devices such as Arduino for
more specific needs and loT can also be
developed as an integrated application with the
Android operating system [16-19].

RESEARCH METHODS

The research method used is a qualitative
method starting from initialization and initial
values which regulate input-output parameters
and so on while also setting initial values.
Followed by reading the input, in this case, the
PIR sensor which reads or detects the
movement of objects, namely birds in the rice
field area. In this system, the sensor reads in
several directions such as north, east, south, and
west. If the PIR sensor hits an object, the
speaker will automatically sound and the
program will calculate and compare the number
of attacks according to each direction or
concerning certain limits. This research was
designed based on the block diagram shown in
the following image.

Solar panels

PIR sensor

ESP32
microcontroller

Speaker

Real time clock
(RTC)

Figure 1. Block diagram.
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Figure 2. Tool design.

In this design, a telemetry data set is created
to reset data on the status of the north, east,
south, and west PIR sensors. The counter reset
every 24 hours will be zeroed via the website or
server using the LoRa module which functions
as a radio frequency. Next, the telemetry data
set will send data to the gateway and the
gateway will receive data from the node which
then parses the data. After the telemetry data is
converted to another format, the telemetry data

will be sent to the thingsboard to be stored and
the client PC will access or display the latest
data. An illustration of the tool design can be
seen in Figure 2.

The overall prototype design of the bird pest
control tool consists of a 20wp solar panel, 4
PIR sensors, a speaker, and a box of tool
components placed in the rice field area. Next is
the prototype design of a bird pest control tool
in the sensor section and the sensors used are 4
PIR sensors.

RESULTS AND DISCUSSION

Power Supply Testing (Solar Panels)

Testing solar panels is to ensure that the
voltage produced is by the requirements of the
equipment system that will be used. The output
voltage required by the components in the
device is around 5 V. We can see the results of
testing the solar panel power supply voltage for
each component in Table 1.

Table 1. Power supply testing.

Solar panel voltage  Solar panel voltage  Battery output voltage Deviation

(Battery Scc) (Battery multimeter) (Stepdown) Vin
V) V) V) (%)

13.60 13.38 5.01 1.61

13.90 13.85 5.01 0.35

13.10 13.00 5.01 0.76

14.00 13.91 5.01 0.64

14.20 14.00 5.01 1.40

PIR Sensor Testing

PIR sensor testing aims to find out whether
an object emits infrared rays or not. This PIR
sensor is used to identify bird movements in

rice fields. An application that uses infrared
rays connected to an ESP32 microcontroller to
see bird movements can be seen in the
following program. PIR sensor test results data
can be seen in Table 2.

Table 2. PIR sensor testing table.

Test ObJeC'Eanll)Stance Condition Digital value
1 1 Detected 1
5 2 Detected 1
3 3 Detected 1
4 4 Detected 1
5 5 Not detected 0
6 6 Not detected 0
7 7 Not detected 0
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DS3231 RTC Testing

The RTC DS3231 test aims to reset the
number of bird attacks in rice fields where the
attack data will be reset once every 24 hours

automatically, namely at 00.00 WIB. Then the
data is stored on the thingsboard dashboard.
The RTC DS3231 test results data are shown in
Table 3.

Table 3. DS3231 RTC test result.

DS3231 RTC Actual Schedule D (%)
Sunday, August 13 2023 Sunday, August 13 2023 8.33
09:59:55 WIB 10:00:00 WIB '
Sunday, August 13 2023 Sunday, August 13 2023 8.33
12:59:55 WIB 13:00:00 WIB '
Sunday, August 13 2023 Sunday, August 13 2023 8.33
15:59:55 WIB 16:00:00 WIB '
Monday, August 14 2023  Monday, August 14 2023 8.33
11:59:55 WIB 12:00:00 WIB '
Monday, August 14 2023 ~ Monday, August 14 2023 8.33
16:59:55 WIB 17:00:00 WIB '

SX1278 LoRa Module (Long Range) and
Thingsboard

This research was carried out using LoRa
which is supported by many factors, one of
which is the advantages of LoRa which are
difficult to find on other devices. The main
advantage of LoRa is that LoRa is a low-cost
device because the LoRa device includes the
sensors needed during research, apart from
requiring a low cost, LoRa is classified as a
device with low power consumption because
LoRa only requires around 13 mA-15 mA so a
device can be used for a long period.

Apart from that, LoRa devices support
research over long distances where LoRa
devices can transmit data. In this research, the
first 2 types of LoRa are used as transmitters,
where the LoRa SX1278 module, PIR sensor,
and speaker relay are connected to the ESP32.
Meanwhile, the second functions as a receiver,
where the RTC and LCD modules are
connected to the ESP32 and then forwarded to
the thingsboard dashboard. The 10T bird pest
control design works by using solar panels as a
voltage source, ESP32, PIR sensor, 16x2 LCD,
RTC DS3231, ultrasonic speaker relay, and
LoRa module.

PIR sensor which aims to identify bird
movements in rice fields. The ultrasonic
speaker relay aims to turn on or turn off the
ultrasonic speaker if bird movements are
detected or not detected by birds around the rice
fields. This ultrasonic speaker uses ultrasonic
wave frequencies. RTC is used to reset the
number of bird attacks in the rice fields and the
attack data will be reset every 1 x 24 hours at
00.00 WIB. The LoRa module has a working
procedure when a tool in the rice field
(transmitter) detects bird movements, the
ultrasonic speaker will activate, then the
detection data will be sent to a tool at home
(receiver) which will then forward the data to
the thingsboard dashboard so that the rice field
owner can monitoring the number of attacks
and movement/detection of birds in the rice
fields. The maximum distance that the tool can
send and receive is = 450 m. Overall, 10T-based
bird pest control tools in rice fields function
well.

CONCLUSION

In this research, it can be concluded that the
use of solar panels as a voltage source for
controlling bird pests in rice fields is based on
loT which uses ESP32, PIR sensors, RTC,
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ultrasonic speakers and LoRa modules. The
way the system uses solar panels as a voltage
source for controlling bird pests in rice fields
based on the IoT is based on microcontroller

commands

through sensor detection and

schedules. The PIR sensor aims to detect birds
in rice fields with a range of < 5m. Then the
ultrasonic speaker will be active if there is bird
movement in the rice field area. This speaker
uses ultrasonic wave frequencies.
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