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1. INTRODUCTION

Indonesia is known as an agricultural country because the majority of its population works in the
agricultural sector. This is supported by Indonesia's fertile soil and rich natural resources. In general, [1]
recorded that Indonesia's total agricultural production from various commodities reached 53,625,539.51 tons
in 2023. Therefore, the agricultural sector contributed up to 13.28% to national GDP. This proves that the
agricultural sector plays a significant role in boosting the national economy, and therefore, it must be
improved. To increase agricultural yields, the agricultural sector must be further expanded, from rural to
urban areas [2]-[3]. In urban areas, the main problem is the limited land available for growing crops.
Therefore, hydroponic techniques are used to address this issue [4]-[5]. Hydroponics is a method in the
agricultural industry that can cultivate plants without the need for land, but instead uses water and nutrient
solutions as a growing medium [6]-[7]. This hydroponic cultivation has many advantages, including more
practical maintenance and more controlled pest problems, not depending on natural conditions, and can be
carried out on limited land [8]-[9].

In hydroponic methods, although maintenance tends to be more practical, farmers require good
skills in controlling plant nutrition [10]-[11]. To control these nutrients, accurate data on environmental
conditions such as oxygen levels, pH, air temperature, and nutrients in the growing medium are required
[12]-[13]. This data is essential for farmers to monitor water nutrients and to calculate nutrient deficiencies.
However, most farmers currently still monitor hydroponic water conditions conventionally, making it
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difficult to obtain accurate parameter data. Furthermore, manual methods tend to be impractical because they
are not real-time. Therefore, a technological solution is needed that can assist farmers in monitoring
hydroponic water conditions practically, in real time, and accurately.

Several researchers have previously developed a technology for hydroponic monitoring. This is the
Microcontroller-Based NFT Hydroponic Monitoring System using an LCD as a monitor [14]. This research
successfully obtained environmental parameter data. However, farmers must continue to check the growing
medium because the monitor is attached to the growing medium. A Hydroponic Monitoring System using
IoT was created where parameter data is displayed on a website [15]. The IoT concept refers to the use of
connected intelligent devices and systems to utilize data collected by sensors and actuators embedded in
machines and other physical objects [16]-[17]. With IoT applications, users can monitor and control remotely
in real time. This research also successfully obtained accurate environmental parameter data that can be
accessed remotely. However, the website designed is only compatible with laptops/PCs, while farmers may
not necessarily have laptops/PCs to access it.

Based on the above issues, the aim of this research is to develop a monitoring and control tool for
hydroponic growing media using the Internet of Things. The benefits of this research include facilitating
hydroponic farmers' control and monitoring of growing media nutrients, thereby improving plant growth..

2. METHOD

The design process begins with the creation of a block diagram. A block diagram is a basic
description of the system to be designed in the form of a diagram connected by lines as indicators between
blocks [18]-[19]. Each part of the system block in the block diagram has its own function. The I/O block
diagram on the device can be seen in Figure 1.
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Figure 1. Diagram block of 10 system

Based on Figure 1, the function of each block diagram can be explained as follows. The pH sensor
measures the pH of the water. The DS18B20 temperature sensor measures the ambient temperature or the
temperature within the water. The ultrasonic sensor detects the water level. The pH sensor is used to
determine the pH level in the water. The Nodemcu ESP8266 microcontroller sends sensor values to a
smartphone application. Blynk is used as a smartphone application that monitors the sensors using a WiFi
network. The relay acts as a driver to control the pump motor's on-off control. The LCD is used for direct
monitoring of the device. This device monitors water conditions in hydroponic systems. It has four input
sensors: an ultrasonic sensor, a TDS sensor, a pH sensor, and a temperature sensor. The TDS, pH, and
temperature sensors detect nutrient levels, pH, and temperature in the water. Data from these three sensors is
sent to the ESP8266 and then to Blynk via the internet. The ultrasonic sensor is used to detect the water level
in the water container. The water level data is then sent via the ESP8266 to the Blynk application via the
internet. When the water level has decreased, the user can turn on the pump using the button on the
Blynk.The mechanical design includes the design of the tool's frame. This design is created in 3D using
SolidWorks. A 3D design drawing of the tool to be built can be seen in the Figure 2.
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Figure 2. Mechanical design of Proposed system

Based on Figure 2, the tool is made of PVC pipe with a length of 800 mm and a width of 330 mm
with a total of 22 component items. The schematic circuit of the tool circuit is shown in Figure 3. The
software design in this study involves creating a display for an Android-based application using Blynk. The
display of the application can be seen in Figure 3.
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Figure 3. Electronic circuit and IoT interface design of Proposed system

Based on Figure 3, the Blynk application will be used to display data on water conditions and
dissolved nutrients in hydroponic water. Figure 3(a) shows the initial display of the Blynk menu after the user
creates a new project. In this final project, the project created is named Hydroponics. After the new project is
created, the display will be as in Figure 3(a) where the status is still offline because it is not connected to the
device. In this final project the device used is ESP8266. Figure 3(b) is the edit display in the Blynk
application where the user is free to design the application display as attractive as possible, according to taste
and according to the user's needs. In designing this final project, the researcher is still using the free version
of Blynk so the features provided are still limited. However, the free version of Blynk is able to meet the
monitoring needs in this study such as creating data displays and buttons. Figure 3(c) is the final display after
the user designs the application display for hydroponic monitoring. The designed display displays four pieces
of monitored data: water temperature, pH, water level or volume, and water nutrients in ppm. As can be seen,
this monitoring display doesn't yet contain any data because it hasn't been connected to the device or sensors.
Once connected to the device, users can view the data sent from each sensor through the designed application
interface.
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3.  RESULTS AND DISCUSSION

This section tests the developed system. Testing was conducted on both hardware and software to
compare the developed system with the planned design. Furthermore, this chapter also discusses and analyzes
the test results by comparing them with existing theory and relevant research conducted by previous
researchers.

To meet the nutritional needs of celery plants using hydroponic techniques, nutrients must be added
to the containers until they reach the ideal range. The addition of nutrient concentrates A and B was done
automatically using a 5V motor pump in the A container and a 5V motor pump in the B container. The
results of the nutrient addition test are shown in Table 1.

Table 1. TDS Sensor Measurement Results with the Addition of AB Nutrients

Time Condition of Pump AB Mix H Nutrition (PPM) Nutrisi (PPM) Error TDS
(seconds) Motors A & B (ml) P Sensor instrumentation (%)
1 On 20 6.8 105 107 0.02%
2 On 40 6.5 491 498 0.01%
3 On 60 6.1 601 610 0.01%
4 On 80 59 790 795 0.01%
5 On 100 5.6 813 821 0.01%
6 On 120 53 1050 1100 0.05%
7 On 140 5.1 1200 1210 0.01%
8 On 160 4.8 1390 1400 0.01%
9 On 180 43 1450 1460 0.01%
10 Off 200 4.1 1605 1620 0.01%

Based on Table 1, the pump motor continues to automatically replenish nutrients using the nutrient
data read from the TDS sensor. The ideal nutrient level for celery plants using the hydroponic method is
1400-1600 PPM [20]-[22]. When the ideal nutrient level of 1600 PPM is reached, the 5V pump motor
automatically turns off. If the nutrient level falls below 1400 PPM, the pump motor will restart to replenish
nutrients. The system takes approximately 10 seconds to replenish nutrients to the ideal nutrient level. Table
1 also shows that the nutrient reading error on the TDS sensor when nutrients are added is greater, at 0.05%.
This figure is greater than the error value for sensor readings without nutrients, which is 0.03%. When the
nutrient level reaches the ideal value, a decrease in the water pH is observed. Before the nutrient level is
added, the average pH is 7.04. However, when 200 mL of AB Mix nutrient is added, the water pH gradually
decreases over 10 seconds until it reaches 4.1. This means the water solution is in an acidic state because the
lower the pH value, the more acidic the solution will be. The relationship between nutrient content and water
pH over a 10-second interval is shown in the graph in Figure 4.

1800 8

1600 7

1400 e

_ 1200 .
g 1000 1 =
g 800 =

600

A00 2

200 1

n 0

1 2 3 4 5 6 7 8 9 10
WAKTU
e \Waktu (detik) Nutrisi / TDS === Nilai pH

Figure 4. Graph of increase in nutrients against pH Value

Based on the graph in Figure 4, it can be seen that the increase in water nutrient value is inversely
proportional to the pH value. The higher the nutrient value, the lower the pH value. This is consistent with
the theory put forward by [23]-[24] that the higher the nutrient concentration in a solution, the lower the pH
value due to the chemical composition of the nutrient solution. Furthermore, to meet the pH requirements of
celery plants using hydroponic techniques, the pH was automatically increased using a 5V motor pump in the
pH solution container. The results of the pH increase test are shown in Table 2.
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Table 2. Adding Water pH Using Basa pH Solution

Time
(seconds) Motor Pump Base pH (mL) pH Sensor pH Meter Error (%)
1 On 20 4.1 5 0.18%
2 On 40 43 52 0.17%
3 On 60 4.8 5.4 0.11%
4 On 80 52 5.6 0.07%
5 On 100 5.7 5.8 0.02%
6 On 120 5.9 6 0.02%
7 On 140 6.1 6.2 0.02%
8 On 160 6.2 6.4 0.03%
9 On 180 6.4 6.7 0.04%
10 Off 200 6.7 7 0.04%
Standard Deviation 0,9 0,65

Based on Table 2, the pump motor continues to automatically replenish the pH. The ideal pH for
celery grown hydroponically is 6 to 6.5 [25]-[26]. When it reaches the ideal maximum pH of 6.5, the 5V
pump motor automatically turns off. If the pH drops below 6, the pump motor will restart to replenish the pH
solution. The system takes approximately 10 seconds to replenish the pH to the ideal pH value. Table 8§ also
shows that the pH sensor's reading error when adding a basic pH solution is greater, at 0.18%. This figure is
higher than the sensor's reading error of 0.04% without using the pH solution. A comparison graph of pH
values can be seen in Figure 5.
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Figure 5. Comparison of pH Values

Based on Figure 5, it can be seen that the graph of the increase in pH values read by the pH meter is
more stable compared to the increase in pH values read by the pH sensor. This can be seen from the standard
deviation value of the pH meter which is smaller than the standard deviation value of the pH sensor, namely
0.65 on the pH meter graph and 0.9 on the pH sensor graph.

Date Time Status Volume (L) TDS (ppm) pH Temp (*C)
11/08/2024 16:52.21 SUCCES 34 1139.31 424 2725
Smart Hidroponik 11/08/2024 17.02:53 SUCCES 30 15.64 941 27.44
117082024 17.07:53 SUCCES 30 19.15 04.01 27.50
11/08/2024 17:1253 SUCCES 30 2075 415 2750
11/08/2024 17:17:53 SUCCES 30 18.51 04.06 27.50
11/08/2024 17:2253 SUCCES 30 19.47 10.14 27 50
11/08/2024 17.27.53 SUCCES 30 19.15 04.01 27.50
11/08/2024 17:3253 SUCCES 30 1915 0408 2750
13/08/2024 22:47.55 SUCCES 3% 2012.12 4.00 20.06
1310872024 22:5256 SUCCES 30 2017 46 400 2900
13/08/2024 23.03.00 SUCCES 36 2012.12 4.00 29.06
150872024 211656 SUCCES 36 2001 51 08.02 29.19
15/08/2024 21:21:56 SUCCES 36 2006.80 8.00 2012
1510872024 21:26:55 SUCCES 3% 2006 80 789 29.12
15/08/2024 21:55.09 SUCCES 26 92081 02.04 2912
1510872024 22:00:10 SUCCES 26 846 14 913 29.12

Figure 6. Blynk and datalogger application display
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The application was created using the available open source application, Blynk. The UI display of
the application and its components, as well as the data logger stored in the database, can be seen in Figure 6.

4. CONCLUSION

Based on the test results, the development of hydroponic growing media monitoring and control
technology has been successful. Tests have proven that the system can automatically control nutrients and pH
while simultaneously monitoring the condition of the growing media. When nutrients are added, the water
pH decreases because the graph of increasing nutrients is inversely proportional to the decrease in water pH.
When the water pH decreases, the motor automatically turns on to raise the pH to the ideal value. This allows
farmers to more easily control the nutrients in the growing media.
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