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 This paper proposes an automated productive caste termite trap device based 

on a hybrid energy system and the Internet of Things called Flying Trap (Fly-

T). This tool is equipped with ultraviolet light with a frequency of 365 nm 

which is used to attract termites to enter and trap into Fly-T storage tank until 

they die. Dead termites will be detected by an ultrasonic sensor with a certain 

limit value then the relay cuts off electric current so that the light turns off and 

the tank door automatically opens to expel dead termites. The automatic 

control system on Fly-T is built using the NodeMCU ESP32 microcontroller 

to optimize the performance of sensors, relays, servo, and wifi connections in 

recording data to an IoT-based cloud database. The Fly-T is also controlled by 

command via a Telegram Bot equipped with solar panels and a windmill 

turbine generator. The results show that Fly-T can run automatically, easily, 

and save time efficiently, and is environmentally friendly. 
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1. INTRODUCTION  

Termites are pests that cause damage to agriculture [1], especially to crops, and damage to building 

components, especially those made of community wood [2]. With the ability to fly for reproductive caste 

termites, the intensity of termite attacks and the amount of damage to buildings continues to increase, causing 

high economic losses [3] so control of termite pests is needed. Termite control with chemicals tends to pollute 

the environment, so an environmentally friendly termite control device is needed to reduce the number of 

termites. As an alternative to the control that will be done by making a flying trap The Flying trap was 

developed using a light bulb supported by solar panels, solar charge control, and batteries [4]. Flying trap using 

an ultraviolet bulb [5] to attract reproductive caste termites. 

 This research aims to make technological innovations in flying traps is named the Fly-T which is to 

control reproductive caste termites by using certain light rays to attract termites, which can run automatically 

and use solar panels as a source of electricity. Flying Trap is also equipped with Internet of Things or IoT 
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technology which will make it easier for users to monitor from a website and the data stored in the cloud can 

be analyzed in the future. The design and development of the Fly-T prototype were implemented using the 

NodeMCU ESP-WROOM-32D, which controls ultrasonic sensors, relays, and servo motors. NodeMCU 

programming uses the Arduino IDE application, sending data to the internet using PHP, and storing data using 

MySQL in a cloud database. 

 

2. METHOD  

2.1 Fly-T Based on Electricity Hybrid System 

The use of renewable energy from the sun as a source of electricity in the trap is considered. So, there 

is an urgent need to switch to renewable energy sources. Sun and wind are available in all conditions so they 

can be a stable alternative source [6]. With the increasing need for renewable energy resources, better utilization 

of the combination of solar energy and wind energy look at  Figure 1 is needed so that in turn it has given rise 

to a hybrid energy system [7]. Electrical energy from the sun is produced by solar panels when the sun is 

shining and windmill turbine generators stored in batteries [8] when the sun doesn't shine. To follow up on the 

important evolution of the hybrid energy system, it is necessary to apply the internet to assess and transmit any 

data collected from the various sensor components [9].  

 

 
Figure 1.  Hybrid energy system 

By building a system capable of detecting, monitoring and regulating the operation of the tool will 

increase control efficiency [10] as well as significant maintenance of Fly-T so as to have a clear vision of the 

entire system in real time without the need to be physically in the installation area thereby cutting waiting times 

and reducing unnecessary costs. With hybrid system, it is expected to be able to reduce energy use efficiently 

and becomes environmentally friendly [11]. 

 

2.1 Fly-T Based on IoT 

Fly-T developed based on IoT so that it allows each device to be able to run automatically, thereby 

reducing human interference in the process that must be done [12]. So that automation can be done with the 

role of a microcontroller, which has artificial intelligence to automatically execute several commands and 

process the collected data [13]. The IoT integrated from various electronic components, software, sensors, and 

network connectivity makes it capable of gathering information and exchanging data [14]. The NodeMCU 

ESP-WROOM-32D microcontroller is a main control of IoT service facility for the flying trap prototype [15], 

[16]. The NodeMCU ESP-WROOM-32D sends a command to the relay to turn on the light to attract the flying 

reproductive caste termites into the flying trap. The ultrasonic sensor, which is connected to a microcontroller, 

will be used to determine the volume height at a certain level. The ultrasonic sensor functions in measuring 

distance and range, the distance of objects is determined from the time interval of sound transmission and 

detection of the reflected sound [17]. The HC-SR04 ultrasonic sensor will identify the number of dead termites 

trapped at the bottom of the flying trap storage tank. The flying trap storage door is equipped with an MG996R 

sevo motor as a door drive. The servo was chosen because it has high control accuracy and low noise [18]. The 

design of the prototype automatic solar system flying trap can be seen in Figure 2. 
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Figure 2.  Fly-T based on Hybrid Energy System and IoT 

The data read on the sensor will then be received by the microcontroller [19] those connected to the 

internet via a wifi network are sent to the cloud database on the server in real time. The ultrasonic sensor 

reading value is received by the NodeMCU ESP-WROOM-32D microcontroller as a reference for turning off 

the ultraviolet light via a relay and opening and closing the flying trap storage door via a servo motor.  

 

 
Figure 3.  Control Section IoT Fly-T 

The stored data will be displayed on a web page to monitor the performance of the flying trap. IoT 

also allows integration between the Telegram smartphone messenger application with a microcontroller using 

the Telegram Bot [20]. Telegram Bot helps in controlling the control of Fly-T devices connected to the IoT 

with the user's smartphone [21]. Telegram Bot in realtime is connected to a Fly-T via the internet so that the 

data received will always be up to date and control of the device can be carried out without being limited by 

time and place. 

 

2.3 In Practice 

 The flying trap prototype gets sunlight for the solar panels and the movement of the wind mill turbine 

and converts it into electricity with the help of the charger controller. Solar charger stores electricity in the 

accumulator. Part of the electricity in the battery is used to turn on the 365 nm frequency ultraviolet lamp which 

requires AC current so that it is supplied first through a power inverter to convert the DC current to AC. Current 

also flows through the accumulator to the NodeMCU ESP-WROOM-32D microcontroller, the current is 

changed by going to the step down which previously had a voltage of 12V to 5V. The schematic block diagram 

of the prototype automatic solar system flying trap can be seen in Figure 4. 

 
Figure 4.  Fly-T Block Diagram 
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 DC current flows through the battery and goes to the step down, the current is converted from a voltage 

of 12V to 5V. The 5V pin and the GND pin on the NodeMCU ESP-WROOM-32D are connected to the power 

IN+ pin and the power IN- pin in the step down via the PCB circuit board. Then the HC-SR04 ultrasonic sensor 

is connected to the PCB, the VCC pin is connected to the 5v line, the GND pin is connected to the GND line, 

the trigger pin is connected to the GPIO-16, and the echo pin is connected to the GPIO-17. The HC-SR04 

ultrasonic sensor will transmit ultrasonic waves to the object in front of it, when the wave hits the bottom of 

the flying trap door, it is reflected and received back by the ultrasonic sensor to get a distance value as an 

identification of the flying trap storage tank capacity. 

  The relay is connected to the NodeMCU ESP-WROOM-32D microcontroller via a PCB circuit. The 

relay is connected to positive (+) and negative (-) posh bindings which will be connected directly to the light 

bulb electrical path, and posh binding to the input on the power inverter. Then the relay is connected to the 

GPIO-19 pin. After that the relay is also connected to a sensor which is useful for disconnecting or connecting 

the electric current which aims to turn on or turn off the bulb on the flying trap according to the sensor readings. 

When the distance reading value sent shows that the flying trap capacity is full, the NodeMCU microcontroller 

gives an order to the relay to cut off the electric current which aims to turn on or turn off the bulb. 

  On the underside of the flying trap, there is a MG996R servo motor which functions as the driving 

force for the flying trap discharge door. The servo is connected using a cable to pin to pin GPIO-12 of the 

NodeMCU ESP-WROOM-32D microcontroller via a port on the PCB circuit. The microcontroller gives 

commands to the servo motor to move to open the door to the flying trap storage tank to remove dead termites 

trapped until they run out. After the capacity becomes empty again, the servo will close the flying trap door 

and give a relay command to connect the electricity so that the bulb can turn on again. Flying traps are 

connected in real time to the internet via wifi, so users can monitor flying traps and find out the status of the 

tank capacity through a system monitoring website that is connected to a cloud database. Flying traps can also 

be controlled via the Telegram bot using commands that have been implanted into the system so that the 

microcontroller will respond and follow up on commands sent via telegram. 

 

3. RESULTS AND DISCUSSIONS  

The development of a Fly-T prototype that has been running in accordance with the required design 

will be tested for the performance of the prototype. Users can operate and control Fly-T via telegram bot by 

giving commands to microcontrollers connected to the internet in Figure 5. 

 

 
Figure 5.  Command Control Telegram Bot 

 

Testing is done to test the flying trap prototype that have been made according to the function and 

without problems. The experimental results will display the ultrasonic sensor reading values accurately as 

shown in Table 1. 
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Table 1. Experimental Results of Ultrasonic Sensor Performance 

Value Sensor Capacity(%) Reading Time  

34 0 14/08/2020 17.35 

33 6 14/08/2020 17.40 

33 6 14/08/2020 17.45 

32 12 14/08/2020 17.50 

32 12 14/08/2020 17.55 

32 12 14/08/2020 18.00 

28 37 14/08/2020 18.05 

28 37 14/08/2020 18.10 

25 56 14/08/2020 18.15 

25 56 14/08/2020 18.20 

24 62 14/08/2020 18.25 

22 75 14/08/2020 18.30 

21 81 14/08/2020 18.35 

19 93 14/08/2020 18.40 

19 93 14/08/2020 18.45 

18 100 14/08/2020 18.50 

34 0 14/08/2020 18.55 

 

According of Table 1, in the first row when the value sensor is 34 cm will display a capacity of 0%. 

The value sensor will decrease when the flying trap is caused by capacity of the flying trap will be fuller.  In 

the sixteenth row, while the distance value of 18 cm will display a capacity of 100% it means termites are fully 

trapped in the storage. Data of value sensor reading stored in the database can also be displayed on the 

monitoring website system. The monitoring system will display a line chart history that shows the flying trap 

capacity data at a certain time. Line chart history can be seen in Figure 6. 

 

 
Figure 6.  Line chart history from capacity of Fly-T 

 

4. CONCLUSION  

The design of an IoT Fly-T based hybrid system and IoT, it can be shown by implementing the use of 

solar power and windmill turbine generator as a source of electrical energy from the flying trap prototype by 

utilizing a charger controller to charge the battery can supply the power supply to the microcontroller for 

control the flying trap, so that the flying trap has an independent power source and environmentally friendly. 

In addition, the application of IoT to a flying trap using an ultrasonic sensor connected to microcontroller is 

able to identify value of sensor readings from termites caught in the flying trap storage tank so that the 

automation process to open and close the flying trap door when full can be done. The data obtained from the 

sensor is processed by the microcontroller and sent to the database via the internet with a wifi network so that 

users can monitor the prototype via the website. The flying traps are controlled via telegram using commands 

available on the telegram bot, making it easier to use and reducing user operational time. In the future, the 
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research is developed so that the Flying Trap can be developed with an integrated function with high electric 

voltage so that it can directly kill trapped termites. 
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