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1. INTRODUCTION

The development of citrus plantations in Indonesia has been rapidly growing, primarily driven by increasing demand
from consumers (Andrini ef al., 2021). Indonesian citrus fruits are well known for their fresh and sweet taste. Other
fruits with high potential in Indonesia include bananas, rambutans, and pineapples. These fruits are in high demand in
both domestic and international markets. In addition to their strong export potential, fruit plantations in Indonesia also
offer significant economic benefits (Fonsah ef a/., 2008; Junaidi & Jannah, 2020).

The main issue is that fruit flies (Bactrocera) can transmit diseases to healthy fruits, thereby affecting both the quality
and quantity of the harvest (Sarangi et al., 2024). Fruit flies insert their eggs into the fruit by inserting their ovipositor,
and the larvae develop inside. The damage caused by this pest causes fruit to drop before reaching the desired ripeness,
thus reducing both the quality and quantity of production (Hasyim et al., 2006). As a result, farmers suffer economic
losses due to fruit fly infestations. Symptoms of fruit fly attacks are observed across various fruit vegetables and are
typically characterized by visible signs such as black spots on the surface. The affected produce often becomes watery
and rotten, with the presence of active, white-colored larvae that may be seen moving or occasionally jumping (Saputra
et al., 2023). Due of its practicality and effectiveness, farmers most frequently use insecticides to control insect pests.
However, the widespread use of chemical pesticides poses health and environmental hazards, including toxicity,
pollution, and contamination, which highlights the need for better substitutes (Madduri et al., 2025).

Research on fruit fly management to prevent disruption of fruit development has been conducted by several scholars.
For instance, Reddy er al. (2020) reviewed various control methods, including the Sterile Insect Technique (SIT), the
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Male Annihilation Technique (MAT), and others (Reddy ez al., 2020). Susanto et al. (2023) investigated the effectiveness
of different trap heights in controlling fruit fly populations (Susanto ef a/., 2023). Rahayu ef al. (2023) conducted a study
on fruit fly traps utilizing electromagnetic waves (Rahayu ef al., 2023), and Lello ez al. (2023) conducted a review on
the development and application of automated devices for fruit fly detection (Lello ef al., 2023). Inhibiting insect activity
and lowering pest numbers is the main goal of any trapping method (Madduri ef a/., 2025). Fruit fly trap working with
microcontroller and sensor system powered by solar photovoltaic (PV) is attractive method in controlling fruit flies.
Fruit fly trapping using this technology offers numerous environmental, economic, and practical benefits as an eco-
friendly and cost-effective method of pest management, especially in agricultural sector.

The use of solar energy in pest trap designs is gaining increasing attention. For example, Ilham ez al. (2018)
successfully designed an insect trap using a 12V - 7Ah battery powered by a I0Wp - 12V solar panel. Pradana et al.
(2020) concluded that implementing solar-powered traps in orange field successfully caught twice as many pests
compared to conventional methods. Prasojo ef al. (2024) also reported that solar powered pest trap effectively caught
40 to 80 moths per day, drastically lowering pest numbers and decreasing costs for pest controlling due to fewer chemical
pesticides use.

Solar PV powered traps are a sustainable alternative controlling pests compared to chemical pesticides, which can
contaminate soil and water and harm beneficial non-target species like bees and butterflies. This method helps preserve
local biodiversity and promotes a healthier ecosystem. It is also cost-effective solution. While there is an initial
investment, solar-powered traps require minimal maintenance and negligible operational costs because they run on free,
renewable solar energy (Sumarwan, 2021). This results in long-term savings on repeated pesticide purchases and labor
costs. This technology also energy independence. Utilizing solar panels makes the traps self-sufficient and ideal for use
in remote agricultural areas with limited or no access to an electrical grid (Mohapatra, 2024). By effectively controlling
fruit fly populations, these traps protect crops from damage, leading to healthier plants, higher yields, and improved
fruit quality. The absence of harmful chemicals in the trapping process minimizes health risks for farm workers and
consumers to pesticide residues. Therefore, solar PV powered insect traps are an excellent component of an Integrated
Pest Management strategy, complementing other methods like biological control and helping to reduce the overall need
for chemical interventions. This trapping equipment can also be designed with automatic day-night sensors, turning on
at dusk and off at dawn, which ensures continuous, reliable operation without manual intervention (Madduri et al.,
2025). Incorporating these traps helps prevent pests from developing resistance to chemical pesticides, a common issue
with the overuse of traditional methods. The use of solar power benefits the environment by reducing CO» emissions,
supporting efforts to slow down global warming and mitigate climate change (Alatas, 2024). The use of solar PV will
also contribute to the national policy on the energy mix targets 31% from NRE by 2050 (Alatas et al., 2020).

Based on these potentials and challenges, the objective of this research is to design fruit fly trap ApelB using a
microcontroller and sensor system powered by solar PV. The result is expected to assist farmers in managing fruit fly
pests effectively, as well as to maximize productivity in plantation and agricultural outputs, thereby supporting the
realization of food and energy self-sufficiency.

2. RESEARCH MATERIALS AND METHODS

This study employs an experimental approach aimed at designing, constructing, and testing the performance of a
microcontroller-based fruit fly pest trap powered by a solar panel as the electricity supply. The research method consists
of several main stages: planning, designing, and testing. The planning phase involves a theoretical approach to
characterize the fruit fly pest, which is the subject of this study.

2.1. Fruit Fly (Bactrocera dorsalis)

Fruit flies are often found near ripe or rotting fruit because the females usually lay their eggs on the fruit’s surface. When
the eggs hatch, the larvae go inside the fruit and feed on the decaying parts. After the larval stage, they turn into pupae
and later become adult flies. Their life cycle takes about 10 to 12 days. Fruit flies consist of several species, including
Bactrocera albistrigata, B. beckerae, B. calumniata, B. caudata, B. cucurbitae, B. limbifera, B. papayae, B.
philippinensis, B. umbrosa, and B. badius, each of which exhibits distinct key characteristics (Sarjan e al., 2010).
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Bactrocera, or fruit fly pests, are fly species that develop by using ripe fruits as a medium for laying eggs. Studies on
citrus plants in North Sumatra have shown that fruit fly activity follows a daily pattern, with peak activity occurring
between 10:00 AM and 12:00 PM in the morning, and between 12:00 PM and 2:00 PM in the afternoon, as indicated by
the number of fruit flies trapped during these periods (Manurung ef al., 2012). Fruit flies are also more active during the
daytime, particularly between 11:00 AM and 1:00 PM (Yuantika ez al., 2021).
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Figure 1. (a) Percentage of fruit fly infestation on fruits, and (b) Fruit fly (Bactrocera)

The percentage of fruit fly infestation on fruits varies greatly depending on the population of fruit fly species present
in a given area. A study by (Astriyani et al., 2016) identified several fruit fly species, including Bactrocera papayae
Drew & Hancock, Bactrocera carambolae Drew & Hancock, Bactrocera umbrosa Fabricius, Bactrocera cucurbitae
Coquillett, and Bactrocera albistrigata de Meijere (Diptera: Tephritidae). The infestation percentages on various fruit
plants were reported as follows: jackfruit (100%), starfruit (100%), guava (100%), water guava (100%), mango (26%),
rambutan (19%), citrus (12%), watermelon (11%), sapodilla (11%), bell pepper (10%), cucumber (8%), and chili pepper
(6%). According to the studies by Liu & Yeh (1982) and Chen et al. (2006), as cited in (Manurung ef al., 2012), fruit
flies have a body length of approximately 5 mm and a wingspan of about 10 mm. The thermal threshold for their body
temperature is around 18 °C.

2.2. Fruit Fly Trap (ApelB)

In the initial stage, a system requirements analysis was conducted, including the identification of the specifications for
the fruit fly pest trap. The component specifications used are listed in Table 1. The passive infrared (PIR) sensor used in
this study is the HC-SR501. Although the HC-SR501 PIR sensor is originally designed for human-scale motion
detection, Hahn ef al. (2023) demonstrated its effectiveness in detecting small insects when integrated into a fruit fly
trap. The sensor was positioned near the trap entrance and successfully triggered motion detection and image capture
upon fruit fly entry (Hahn e al., 2023). This empirical finding supports the feasibility of using the HC-SR501 for
detecting fruit flies approximately 5 mm in size, particularly under controlled configurations that amplify infrared
motion signatures. In our study, we adapted the sensor by deliberately narrowing its detection range to around 4-5 cm,
far shorter than its typical 3-10 meter range for larger animals to enhance its sensitivity to small insect movements at
close proximity. This modification not only improved its performance for fruit fly detection but was also guided by
economic considerations, aiming to produce a low-cost solution accessible to smallholder farmers. Field testing
confirmed the practicality of this design, with the trap system achieving a consistent and satisfactory capture rate.

By understanding the specifications of the components for the fruit fly pest trap device, the next step is to determine
the solar power system (PV) components by considering the activity pattern of fruit flies, which occurs from 6:00 AM
to 6:00 PM, while the solar panel’s effective energy production is between 10:00 AM and 2:00 PM (4 hours) (Sudarmono
et al., 2020). Based on the reference, the required backup energy for 8 hours is as follows:

E required = 3.8286 W x 8 h = 30.6288 Wh €))
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Table 1. Component specifications of the fruit fly trap device

No Component Power Requirements (P)
1 Cockcroft-walton circuit 3.5 Watt
2 Sensor passive infrared receiver 0.325 Watt

(PIR) HC-SR501

3 Arduino Uno microcontroller 0.0036 Watt
with an ATmega328P
Total 3.8286 Watt

The required backup energy of 30.6288 Wh is provided by a battery, as detailed in the subsequent experimental
setup. Battery specifications: lithium-ion, 9.25 Wh, with an efficiency rate of 95%. Therefore, four batteries are required
to adequately supply the electrical power:

E Battery = 9.25 Wh x 4 = 37 Wh x (95%) = 33.3 Wh Q)

With the load on the fruit fly device is 3.8286 Wh, and the required battery storage capacity is 37 Wh, resulting in a
total load of 40.8286 Wh. Considering the solar panel’s effective energy production time of 4 h, the solar panel
requirements were calculated according to Equation (3). With a power load of 10.20715 W, for ease of calculation in
determining the solar panel requirements, the value will be rounded to 10 W, corresponding to one solar panel.

40.8286 Wh
4h

Battery - Solar Charge « Solar Panel
g Controller

; |

Arduino Uno
microcontroller with an [
ATmega328P

P solar panel = =10.20715 W 3)

Passive Infrared Receiver
(PIR) Sensor

»

v

Cockcroft-walten
circuit

5V Relay ‘*’

Figure 2. Planning of the fruit fly trap system

2.3. System Design

The planning phase takes into account the function of each component to be used and the working process of the fruit
fly trap device powered by a solar panel as its electrical energy source. Figure 2 illustrates steps in the design of fruit fly
trap ApelB version 1.1. Table 2 compiled components, their images and function required to assemble fruit fly trap device
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Table 2. A series of components, their functions, and device images

No Components Functions Images

1 Solar panel Converting solar energy into
electrical energy

2 Solar Charge Controller (SCC) An electrical energy controller that
manages the flow of power from the
solar panel to the battery and the load

3 Battery Energy storage of the power produced
by the panel

4 Arduino Uno microcontroller with an Controls and sends commands to the

ATmega328P circuit
5 Relay Automatic controller switch
6 Cockcroft-walten circuit Increasing voltage from low voltage

to high voltage

v

Identification

Figure 3. Wiring diagram for ApelB Version 1.1
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device. Electrical system planning for the pest trap device requires a wiring diagram to facilitate the wiring and
installation process during the design phase. The wiring diagram is created based on the pest trap system design. An
additional component, a 5 V IC regulator, is used to convert voltage from 12 V to 5 V to supply power to the relay.
Figure 3 illustrates the wiring diagram for ApelB version 1.1.

2.4. Software Planning

The software planning for the controller utilizes a development platform called Arduino IDE, which employs the C
programming language. The overall programming must align with the defined flowchart, as illustrated in Figure 4.

2.5. Fruit Fly Trap (ApelB) Design

The structural design (Figure 5) in this study was created using SketchUp design software, which can be utilized for
planning the design of microcontroller-based solar power plant (Putra ez al., 2019). The support leg has a height of 3.2
cm, the main support pole is 60 cm tall, the trap structure has a height of 15 cm, and the connecting rod from the trap
structure to the panel measures 5 cm. The panel box is 30 cm high, the panel mounting is 1 cm, and the solar panel has
a thickness of 1.7 cm, resulting in a total height of 115.9 cm.

8 . 60cm
/— 200 /
20| cpf /
N /
12,0 em /
4 /
/J

Figure 5. Fruit fly trap design in detail: (a) Front view; (b) Support structure; (c) Trap net; (d) Panel box; (e) Solar Panel

The trap net details include an outer catcher measuring 10 cm in diameter and 15 cm in length, which functions as a
collection chamber for dead fruit flies. The net used has a diameter of 8 cm and a length of 15 cm, and consists of a
double-layer mesh. The panel box used has a height of 30 cm, a width of 20 cm, and a thickness of 12 cm. The solar
panel used measures 35 cm in length and 25.5 cm in width. It is mounted with 1 cm thick bolts on the supports, which
are then bolted to the roof of the panel box. Figure 6 shows research steps including planning, construction, testing
(laboratory scale and field testing), and drawing conclusions, as illustrated in.

3. RESULTS AND DISCUSSION
3.1. Results of the Fruit Fly Pest Trap (ApelB)

The results of the fruit fly trap frame based on a microcontroller and powered by a solar panel can be seen in Figure 7.
The overall frame height is 115.9 cm, with leg lengths of 15 cm, a pole height of 60 cm, a trap diameter of 10 cm, and
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Figure 6. Frame for microcontroller-based fruit fly trap

a net diameter of 8 cm. There is also a 2 cm chamber for collecting dead flies. The connector between the trap and the
panel box measures 5 cm. The box dimensions are 30 cm (height) X 20 cm (width) x 12 cm (thickness), and the solar
panel measures 25 x 35 cm.

The electrical system fabrication results of the fruit fly pest device, adjusted according to the wiring diagram shown
in Figure 8, consist of several components, including a 10 WP solar panel, a 10 A solar charge controller (SCC), a battery,
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Solar Charge Controller |

Cockcroft-walten circuit

Figure 7. Electrical components of the fruit fly pest trap ApelB Version 1.1

an Arduino Uno, a 5 V relay, a Cockcroft-Walton circuit, a PIR sensor, and a 5 V IC regulator. The IC regulator serves
to step down the voltage from the SCC output to match the 5 V relay circuit, ensuring the stability and longevity of the
relay circuit and the Cockcroft-Walton circuit for long-term operation.

The software programming results for the fruit fly pest trap were developed to control and issue commands to the
Arduino Uno. The PIR sensor output is connected to pin 2, and the relay input is connected to pin 3. The program
activates the relay for 15 seconds upon each detection of a fruit fly or movement by the PIR sensor.

3.2. Implementation of ApelB Version 1.1 Using Solar PV

The implementation of ApelB consists of the preparation, operational, and result analysis stages, as outlined in Table 3,
which outlines the sequential workflow of the ApelB system from device preparation and activation of each electronic
component, to the operational process where fruit flies are attracted and electrocuted, and finally to the analysis stage
where system performance and captured insect counts are evaluated. This table is intended to provide a clear and
structured overview of how ApelB operates in the field. Testing of the solar power generation system was conducted to
prevent malfunctions and short circuits, ensuring the device operates properly. It was observed that the battery voltage
was detected at 15.2 V on the SCC monitor, as shown in Figure 7. Measurement of solar PV was conducted to verify
the power output of the generator, including the solar panel output, the SCC output to the battery, and the SCC output
to the load. The measurement results of solar panel output, SCC output to the battery, and SCC output to the load are
presented in Table 4.

Table 3. Implementation stages of ApelB

Preparation stages Operational stages Result analysis stages
e Preparation of ApelB Version 1.1 Application of methyl eugenol Performance analysis of the ApelB
Device at the designated corn and chili HaCO system and calculation of the number of

. = -
field locations. :©/\/ = fruit flies electrocuted according to the
e PV: On HO E- observation duration
o Solar Charge Controller (SCC): On .
o Battery Charging Process: On The fruit flies attracted to methyl

e Arduino Uno microcontroller with an cugenol are electrocuted on the trapping
ATmega328P: On net, resulting in their death

e Automatic Switch Sensor Relay: On

2201



Jurnal Teknik Pertanian Lampung Vol. 14, No. 6 (2025): 2194 - 2205

Table 4. Measurement of solar panel output, SCC output to the battery, and SCC output to the load

No Time (h) Panel Output SCC Output Battery Output
Voltage (V) Current (I) Voltage (V) Current (I) Voltage (V) Current (I)
1 10.00 14.0V 0.44 A 4.1V 0.10 A 14.0V 0.30 A
2 10.30 13.8V 0.44 A 139V 0.10 A 13.8V 0.30 A
3 11.00 122V 0.70 A 114V 0.10 A 11.8V 0.10 A
4 11.30 139V 0.50 A 14.0V 0.10A 139V 0.36 A
5 12.00 134V 0.50 A 135V 0.13A 134V 0.35A
6 12.30 127V 0.50 A 12.7V 0.10 A 126 V 0.36 A
7 13.00 13.8V 0.41 A 139V 0.10 A 13.8V 0.27 A
8 13.30 13.8V 0.32 A 139V 0.16 A 13.8V 0.15A
9 14.00 13.7V 0.38 A 13.7V 0.10 A 13.7V 0.24 A
10 14.30 129V 0.35A 13.0V 0.10A 129V 021 A
11 15.00 128V 0.30 A 12.8V 0.10 A 128V 0.15A
Average 1336 V 0.38 A 1335V 0.108 A 1331V 0.24 A

The average output voltage of the solar panel was 13.3 V with a current of 0.38 A. The SCC output voltage to the
battery was 13.35 V with a current of 0.108 A, while the SCC output voltage to the load was 13.3 V with a current of
0.24 A, resulting in a power output of:

e Panel power (P) = Voltage (V) x Current (I) = 13.36 V x 0.38 A =5.07 Watt
e Battery power (P) = Voltage (V) x Current (I) =13.35 Vx 0.108 A = 1.44 Watt
e Power to the load (P) = Voltage (V) x Current (I) = 13.31 V x 0.24 A =3.19 Watt

With an average electrical power output from the 10 Watts panel of 5.07 Watts and a load of 3.19 Watts for one hour,
the 10 Wp solar power generator is capable of operating the pest trap device while providing 1.44 Watts for charging
the battery backup.

3.3. ApelB Testing Results

Initial testing was conducted on a laboratory scale within a 3 x 3 meters room using live fruit fly samples collected from
the field. The testing lasted for 5 hours, from 08:00 to 13:00 WIB, with data recorded hourly. The tests used sample
groups of 10 fruit flies (Table 5) and 20 fruit flies (Table 6). The device demonstrated an effectiveness, measured in
terms of mortality rate, of 80% for the 10-fly sample and 85% for the 20-fly sample during the laboratory-scale testing.
Field testing (Figure 9) of the microcontroller-based fruit fly trap device powered by a solar panel was conducted in
Ponjanan Timur Village, Batu Mar-Mar District, Pamekasan Regency, during May when the area was in the corn and
chili planting season. The testing was carried out from 08:00 to 13:00 Western Indonesia Time (WIB).

Figure 9.AField testing of fruit fly trap equipment in the oﬁeld (top) and chili plantation (bottom)
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Table 5. Laboratory-scale testing with a sample of 10 fruit flies

Number of dead fruit flies

Time 10 samples of fruit flies 20 samples of fruit flies
09.00-10.00 2 3
10.00-11.00 3 5
11.00-12.00 2 7
12.00-13.00 1 2
Total 8 17

Based on the direct field test results, on the first day of testing, May 25, 2024, from 08:00 to 13:00 WIB in the
cornfield, the device successfully captured 150 fruit flies (Figure 10a). Testing on the second day, May 26, 2024, from
08:00 to 13:00 WIB in the chili plantation, successfully captured 148 fruit flies (Figure 10b). The data indicate that the
highest capture rate occurred between 09:00 and 13:00 WIB, which aligns with previous observations by Manurung et
al. 2012. Prior to field deployment, the device underwent laboratory testing and demonstrated reliable performance in
detecting and capturing fruit flies. A subsequent two-day field trial was conducted to evaluate the initial functionality
and sensitivity of the system under real-world conditions. The nearly identical capture rates over both days
approximately 148-150 flies per day, indicated the trap's consistent effectiveness in attracting and capturing targets.
Although the duration of the trial was relatively short, the device was monitored on an hourly basis, allowing for accurate
assessment of its real-time performance. Additionally, the device incorporates methyl eugenol as a lure, which
selectively attracts male fruit flies (Shelly er al., 2004; Wee et al., 2018). Upon entry, the flies are eliminated by an
electric shock mechanism. This selective targeting of males disrupts the mating cycle and contributes to a gradual
reduction in the overall population, thereby mitigating fruit damage caused by infestations.
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Figure 8. Number of trapped flies during field testing: (a) Cornfield, (b) Chili field

The integration of PIR sensor technology with an Arduino Uno microcontroller and a Cockcroft-Walton circuit
generates an electric current flowing through the trap’s wires. This current causes fruit flies that land on the wires to be
electrocuted and die (Rohpandi ef al., 2023). These findings reinforce the results of the ApelB Version 1.1 system based
on PLTS, which has been proven effective and successful in capturing fruit flies.

4. CONCLUSION

The design of a microcontroller-based fruit fly pest trap utilizing solar panels as its power supply was successfully
developed. The device frame was constructed from steel pipes, and a panel box measuring 20 x 30 x 12 cm was used to
house the components. The main components employed included a 10 Wp solar panel, 10 A solar charge controller
(SCCQ), battery, Arduino Uno microcontroller with an ATmega328P, 5 V relay, Cockcroft-Walton circuit, Passive Infrared
Receiver (PIR) sensor HC-SR, 5 V IC regulator, and the 5 V relay along with the Cockcroft-Walton circuit.
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The use of an off-grid solar power system is more efficient for application in fields or plantations, with an average
electricity production of 5.07 watts and a load requirement of 3.19 watts. The solar charge controller (SCC) output to
the battery is 1.44 watts, which enables the solar power system to operate the fruit fly pest trap effectively. Additionally,
the off-grid solar power system offers greater efficiency since it does not rely on energy supply from the public electrical
grid and is portable, allowing easy relocation.

The fruit fly pest trap is effective in reducing the population and infestation of fruit flies by disrupting their life cycle.
Male fruit flies attracted to the scent of methyl eugenol compound are killed by an electric current, preventing them
from fertilizing the eggs laid by females, thus inhibiting egg hatching.
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