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 The purpose of this research is to create a smart system based on internet of 

things (IoT) application for a plant aquarium. This smart system helps users 

to maintain the environment's parameters of the plant aquarium. In this 

study, the parameters to be controlled by the system are light intensity and 

temperature. The hardware used to develop this system is the ESP32 as the 

microcontroller, BH1750FVI as the light sensor, high power led (HPL) light-

emitting diodes (LED) lamp as the light source, DS18B20 as temperature 

sensor, the heater, and the 220 VAC fan that is used to raise and lower the 

temperature. In this study also developed an application that is used by the 

user to provide input to the system. The developed application is then 

installed on the user's smartphone and used to connect the user to the system 

via the internet. The ease of adding and removing devices used on the 

system is a capability that is also being developed in this smart system. The 

developed system can produce light intensity with accuracy rate of 96% and 

always manage to keep the temperature within the predetermined range. 
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1. INTRODUCTION  

Aquascape is a manipulation of the aquatic ecosystem that is applied to an aquarium. In an 

aquascape environment, the subject of its beauty is aquatic plants, not fish or other aquatic animals, that is 

why we call it an aquarium plant. Aquarium plant is usually placed in the house so that the house becomes 

more beautiful, and the atmosphere becomes relaxed. Unlike the aquarium in general, aquascape emphasizes 

the growth of aquatic plants. Maintenance of aquatic plants in an aquascape is not much different from 

maintaining aquatic plants in other environments. Plants will grow well when the factors for photosynthesis 

are met. Because the function of this aquarium plant is to decorate the house and provide a relaxed 

atmosphere, this aquarium plant is usually placed in a room that lacks sunlight. This causes plants not to 

grow properly due to lack of light for photosynthesis. Plant needs for light vary depending on the plant 

category. Easy plants require light intensity 10-20 lumens per liter, medium plants require 20-40 lumens per 

liter, while Advance plants require 40 lumens per liter [1]. Additionally, aquatic plants tend to be more 

sensitive to temperature changes. Aquatic plants have different temperature ranges to grow well, but in 

general, aquatic plants grow well in the range of 25–28 °C and require at least 12 hours of lighting [2]. Light 

intensity and temperature are two important factors that must be monitored so that plants develop properly. 

However, currently these two factors are not properly monitored, causing damage to aquatic plants.  

https://creativecommons.org/licenses/by-sa/4.0/
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The application of IoT currently covers almost all aspects of human life. The application of internet 

of things (IoT) in agriculture enables weeding, spraying, temperature and humidity monitoring to be carried 

out automatically, accurately and in real-time [3]. The same thing can also be applied to greenhouses where 

with IoT based application, checking or controlling in many greenhouses can be done centrally [4]. In 

addition, in the smart house, IoT based application allows users to get comfort, better efficiency in the use of 

electrical energy, to better security [5]. In IoT based application, microcontrollers are used to monitor and 

control the devices [6]-[11], whereas communication technologies such as Wi-Fi, internet, 4G and global 

system for mobile communications (GSM) are used to allow connections between devices with 

microcontroller and server [12]-[18]. Cloud technology is generally used to upload data from a device or 

smartphone to the server and download the required data from the server to the device or to a smartphone 

[19]-[23] while smartphone is used for system setup and monitoring [24]-[28]. 

In this research, an IoT application based system was designed for a smart aquarium plant using a 

controllable LED and a temperature controller. This system developed functions to maintain the parameters 

in the aquascape, especially the level of light intensity and water temperature. With this tool, it is expected 

that plants can grow well in accordance with the light level and water temperature required by the plants in 

the aquarium plant. 

 

 

2. RESEARCH METHOD 

Software and hardware are developed in this research and used to construct the system. The block 

diagram of the system is shown in the Figures 1 and 2. Based on the block diagram in Figure 1, the mobile 

application and ESP32 DevKit v1 are connected to each other via Cloud using the internet network. The 5 V power 

supply functions to provide voltage for the ESP32 DevKit v1 where the ESP32 will control the 24 Watt high 

power led (HPL) light-emitting diodes (LED) via the LED driver. ESP32 will change the pulse width modulation 

(PWM) value on the LED driver according to the input from the user which is obtained through the cloud 

server. The 24 V and 1.2 A power supply is connected directly to the LED driver which is then distributed to 

a series of 24 Watt HPL LEDs. 

 

 

 
 

Figure 1. Block diagram of the controllable LED 

 

 

 
 

Figure 2. Block diagram of the temperature controller 
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Based on the block diagram in Figure 2, the mobile application and ESP32 DevKit v1 are connected 

to each other via Cloud using the internet network. ESP32 DevKit v1 uses a DS18B20 temperature sensor to 

get temperature data. The 5 V power supply serves to provide voltage for the ESP32 DevKit v1 where the 

ESP32 functions to control the high and low temperature by using an Eheim Heater or 220 VAC cooling fan. 

If the temperature is too low, the ESP32 will turn on the Eheim Heater by providing an output signal to the  

5 VDC - 220 VAC relay connected to the heater. Meanwhile, if the temperature is too high, the ESP32 will 

turn on the cooling fan 220 VAC by providing an output signal to the 5 VDC - 220 VAC relay connected to 

this fan. The schematics diagram for the developed system is shown in Figures 3 and 4 while the developed 

android smartphone application is shown in Figure 5. 

 

 

 
 

Figure 3. The schematics diagram of the controllable LED 

 

 

Based on the Figure 3, it can be seen that the design of the controllable LED uses a 220 V to  

24 V stepdown transformer, 4 1N5391 diodes as a current rectifier, a 100 uF capacitor, PT4115 LED driver, 

1N5819 schottky diode, 0.1 ohm resistor, 33 uH inductor, 36 HPL 1 watt LEDs, and 1 ESP32. Based on the 

Figure 4, it can be seen that the temperature controller design uses ESP32 components, a DS18B20 

temperature sensor, a heater and two fans. 

 

 

 
 

Figure 4. The schematics diagram of the temperature controller 
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Figure 5. The developed android smartphone application 

 

 

Based on the Figure 5, it can be explained the use of the mobile application sequentially from top 

left to bottom right as the following:  

− The main menu is the page to enter the lamp setup or the temperature setup. 

− The lamp setup menu is the page to enter the manage lamp or the lamp monitoring menu.  

− The manage lamp menu is the page to make a new setup for the lamp. From this menu user can do several 

setups such as the setup for calculating the suggested LED output that is done by entering the value of 

aquarium volume, the setup for adding or reducing the number of LED used in the system, and the setup 

for individual LED by entering the setup lamp menu. 
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− The setup lamp menu is the page to set individual output of LED according to the type of the plant and 

the working time of the LED. 

− The lamp monitoring menu is the page to see the current setup of each LED. 

− The temperature setup menu is the page to see the current setup of the temperature controller and also to 

monitor the condition of water temperature, heater, and fan. From this menu, user can make new setup by 

entering the new setup menu. 

− The new setup menu is the page to enter new setup by using manual setup or smart setup. 

− The manual setup menu is the page to enter new temperature setup manually according to the user’s need. 

− The smart setup menu is the page to enter the new temperature setup by first building the database of the 

plant that is used in the aquarium plant. 

 

 

3. RESULTS AND DISCUSSION  

In this study, the first test was carried out to see the accuracy of the LED output. In this test, user 

input is compared to the LED output and the relationship between user input and LED output is mapped and 

can be shown in Figure 6. From the Figure 6, it can be seen that the average of LED output is close to the 

value inputted by the user. it also concluded that the LED device calibration was successful. To see the 

average error percentage of the output LED is shown in Table 1. 

 

 

 
 

Figure 6. The accuracy of LED output 

 

 

From Table 1 it can be seen that the average error is 4% where the highest error occurs at the LED 

output with a low lumens value. It can also be seen that the higher the lumens value, the smaller the error 

rate. This will later affect easy plants which require low lumens values. From the first test, it can be 

concluded that the accuracy of the LED device is around 96%. 

 

 

Table 1. The error percentage of LED device 
User Input LED Output Error Accuracy 

276 225.63 9% 91% 

552 485.81 8% 92% 

828 775.20 5% 95% 

1104 1137.01 2% 98% 

1380 1448.48 4% 96% 

1656 1708.49 3% 97% 

1932 1980.29 2% 98% 

2208 2254.85 2% 98% 

2484 2544.77 2% 98% 

2760 2760 0% 100% 

Average 4% 96% 

 

 

The second test was carried out to see the heater and fan response to the temperature changes. The 

system would turn on the heater if the temperature detected on the sensor is lower than the temperature of the 

user input and will turn on the fan if the temperature detected on the sensor is higher than the temperature of 

the user input. The heater will stop working if the water temperature is above the minimum value of the user 

input with a value difference of 30% from the difference between the maximum and minimum temperature 

values. Likewise, the fan will stop working if the water temperature is below the maximum value of user 

input with a value difference of 30% from the difference between the maximum and minimum temperature 

values. The result of the second test is shown in Table 2. 
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Table 2. Heater and fan response to changes in temperature 
User Input 

Sensor Value (°C) 
Heater Status Fan Status 

Min. Temp (°C) Max. Temp (°C) 

29 31 28.50 ON OFF 

29 31 28.75 ON OFF 

29 31 29.08 ON OFF 

29 31 29.87 OFF OFF 

29 31 30.85 OFF OFF 

29 31 31.17 OFF ON 

29 31 31.25 OFF ON 

29 31 31.17 OFF ON 

29 31 30.81 OFF ON 
29 31 30.35 OFF OFF 

 

 

From Table 2 it can be explained that the system developed can respond to temperature changes 

because the heater and fan can work according to the established rules. In Figure 7, you can see the system 

response when tested for nine hours at a temperature range of 29-31 °C, from this figure it can be seen that at 

a certain time the temperature is out of the specified range with maximum difference 0.4 °C to the set value. 

This is due to the strong influence of room temperature and the time it takes for the device to return the 

temperature to the specified range. 

 

 

 
 

Figure 7. Response of the system due to changes in temperature 

 

 

4. CONCLUSION 

The system developed can produce accurate light intensity according to user input with an accuracy 

of 96%. The system developed can also maintain the water temperature in accordance with the temperature 

required by the user with a maximum difference of 0.4 °C from the set value. The developed system is also 

100% successful to turn on/off heater and fan cooler according to specified settings. 
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