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This article discusses the design of a hydroponic planting process monitoring
system based on the internet of things. This device uses an ESP32
microcontroller board as the main controller. The parameters that were
monitored and acquired were the conditions of the hydroponic growing
media. Those parameters are; water pH, water temperature, water turbidity
level, and ambient air temperature and humidity. The five parameters are
measured by analog sensors integrated with the ESP32. These parameters
affect the growth process and the quality of crop yields. This article also
describes the calibration method for each sensor used for parameter
measurement. Then the monitoring of these parameters is carried out by
utilizing a real-time database, namely Google Firebase. This platform is very
suitable for all 10T-based monitoring and control applications. Measurement
result data is uploaded and saved to the real-time database. Then paired by

Smart meter Android-based applications. This application was created to be used by
hydroponic farmers who use this device. Thus the results of monitoring can
be used to optimize the process of growing hydroponic plants.
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1. INTRODUCTION

Hydroponic cultivation is one of the agricultural techniques without using soil so that it increases
land efficiency and is quite easy to implement. This farming method offers good quality and quantity of
production. Hydroponics can be done by anyone without having to undergo special education in agriculture
[1]-[3]. In practice, hydroponic farmers carry out their activities using very simple and manual technology.
Many farmers also often lack the facilities to support the production process [4]-[7]. Considering the quality
and quantity of crop yields are influenced by several external factors such as weather, pest attack, and the
number of nutrients provided, farmers must reduce or the effects mentioned above in order to obtain optimal
yields. The lack of technology utilization makes it difficult to monitor nutrient water conditions. The
proposed community service program aims to provide solutions to the problems above.

Nowadays, farmers have to measure with an instrument inserted into the nutrient water to determine
its concentration and acidity (pH). Installations located in open spaces are also very susceptible to weather. If
it rains, nutrient water will be mixed with rainwater. When the weather is hot enough, massive evaporation of
water will occur. Of course, this will make the concentration of nutrients and the pH of the water very
volatile which in turn will affect the quality and quantity of plants [8]-[11]. Several kinds of research have
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been conducted on the topic of automation systems for hydroponics, one of which is the development of
smart greenhouses for hydroponic farming by Andrianto et al. [12]. Monitoring and control of pH levels are
automatically carried out by Saaid et al. [13]. Then Jirabhorn also created a management and control system
for hydroponic farming in tropical climates [14]. In addition, similar research on the internet of things (10T)-
based hydroponic systems implemented for indoor spaces has also been carried out by Palande et al. [15].
Generally, the authors conducted a survey about implementation challenge of loT technology to smart
farming system [16]

The research in this article aims to build a monitoring system with integrated sensors, real-time
measurements, able to provide information on water conditions, nutrients, and also provide warnings to
farmers if conditions are not suitable. Different from the previous research, the device porposed in this article
measures the 5 parameters of hydroponic farming media, such as; pH, TDS, water temperature, also air
humidity and temperature. This reasearch also uses Firebase to give online access among user and devices on
the field. The proposed method aims to apply automation technology that utilizes microcontrollers and the
10T in an effort to improve the quality and quantity of hydroponic agricultural products. With this method,
hydroponic farming that are still heading towards productivity are expected to quickly move up to the
productive step.

2. RESEARCH METHOD

This research is composed by four parts; namely hardware design, microcontroller firmware, real-
time database, and Android application. Hardware design of the system consists of a PCB as interface
circuitry for DC/DC converter, an ESP32 board, and the sensors used. The microcontroller firmware
performs tasks in capturing and processing sensor data, displaying it on the LCD screen, and updating data to
Firebase. Data uploaded to Firebase is stored and can be accessed by development tools using Android
Studio. Android application design using Android studio version 4.3.

2.1. System design

Measurements are done to determine several parameters of plant conditions and planting media
using analog sensors. For the water pH sensor, this work uses the analog V2 type product from DFRobot.
This sensor is commonly implemented in such as hydroponics, aquascape, and environmental water testing
[17]. This pH sensor greatly improved with more precision and more user experience [18]. The onboard
voltage regulator IC supply voltage from 3.3 V to 5.5 V, which is compatible input voltage pin of ESP32.
The output signal is filtered by the interface circuit and has low overall jitter. To measure the water
temperature, a waterproof temperature sensor type DS18B20 is used and immersed in the planting medium.
The TDS sensor uses the SKU type SEN0244 product from DFRobot. TDS obtains how many milligrams of
solution solids are dissolved in one liter of fluid. Higher the TDS value, more solution solids are dissolved in
water, and less the water is cleaner [19]. The TDS value can be used as a reference point for measure the
cleanliness of water [20]. A TDS probe is used in this sensor set to measure TDS value. Finally, the DHT11
sensor is used to measure the temperature and humidity of the air [21]-[23]. The diagram of the whole
system is depicted in Figure 1.
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Figure 1. System block diagram
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All sensors are integrated with the ESP32 microcontroller board. This microcontroller board takes
data from each sensor, processes it into measurement data, displays the data on the LCD, saves the data to the
SD card, then combines the data into one dataset and sends it to the real-time database on Google Firebase.
The Android application installed on the smartphone device is used to display all measurement parameters
and provide hydroponic system alert.

2.2. Hardware design

Figure 2 shows a schematic hardware diagram of the device in this research. This schematic is a set
of interfaces designed to integrate the DC/DC step-down converter, ESP32 board, 16x2 LCD, sensors
module, and pin connectors of the sensors. The ESP32 board used is the WROOM 32D development kit-C
model. The ESP32 uses the Tensilica Xtensa LX6 microprocessor as the core. The ESP32 can be used as a
complete stand-alone system or as a slave system to a host controller unit [24]-[28]. ESP32 can be paired
with other systems to provide Wi-Fi functionality via its SPI or i2c interface. The DC/DC converter is used to
lower the supply voltage to 5 V so that it can be used by the ESP32, LCD, and sensors. The LCD connected
to the ESP32 i2c pin is used to display the system status and read data from the sensor.

This device uses three analog sensors to measure water pH, water temperature, and water turbidity
or total concentration of dissolved substances (TDS). In addition to measuring water parameters, this device
also uses digital sensors to measure air temperature and humidity.
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Figure 2. Schematic diagram of monitoring system

2.3. Firmware design

The firmware program for this monitoring device is designed using Arduino IDE. Arduino IDE is a
cross-platform software for Windows, macOS, and Linux that is written and compiled in functions from C
and C++ language. The IDE is used to write, compile, and upload programs to Arduino boards. It is also
compatible with other development boards with the use of third party.

Figure 3 shows the two main component of the system, such as the program and the hardware. The
program embedded into the main controller ESP32. The program workflow of the firmware implemented in
the main processor ESP32 is shown in Figure 3(a). The main program entered as an infinite loop. The process
starts to read data from all the sensors. Then check the network connection again to make sure that the ESP32
board is connected to the Wi-Fi network. The connection is continued to be parsed. The process used to
simplify the data processing in the mobile Android application. The sensor’s datas are then formulated into a
regression equation to convert to real unit. The process continued to update the dataset to real-time database.
If the connection is lost or the server database sent a failed respond, the system will restart. But if not, the
system will proceed to execute the loop.

Meanwhile, Figure 3(b) shows the assembled electrical hardware. Program starts to declare of all
libraries and all variables for the programme used. Process continues to initialization serial communication,
all input and output pins status, Wi-Fi network connection, and date and time data connection from network
time protocol (NTP) service, then connecting to Firebase real-time database.
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Figure 3. Program and hardware design of the system, (a) system program work flow diagram and
(b) hardware device before calibration

2.4. Real-time database

The device of this research uses an open-source database provided by Google Firebase. The dataset
is sent as JSON file then continuously synchronized to each dedicated client. The clients do not need to make
a call to fetch data updates. Firebase will sned a notification to the mobile application, every time the data is
updated. Unless the dataset at database get updated, all response will be neglected to optimilize the using of
bandwidth. The feature of Google Firebase is a cloud-hosted database which put the dataset together from the
ESP32, then deliver it to the database. The dataset forms as a string including the value of each sensor value
separated by commas.

2.5. Android application

The Android application programmed using Android Studio software version 4.3. The integrated
development environment (IDE) of Android Studio is created by Goole. It offers tons of features for
debugging, developing, and packaging an Android application. By using this IDE, the application can be
developed for any Android device, or create an emulator virtual devices. The application for the monitoring
device created with Java language. Application built as kind of native application. Native application are
built specially for a mobile phone’s operating system (OS). Hence, this research use native Android mobile
apps [29], [30].

2.6. Sensors calibration

The calibration process for all sensors needed to measure each character, which is accuracy,
precision, and linearity. The first test is to calculate accuracy of each sensor. In terms of measurement
activity, accuracy is the primary factor which influence the performance of a measuring instrument. Accuracy
obtains how precise a measuring instrument to give a certain value [31]. This test done by comparing the
output value of the sensor with the output value of standardized instrument. The comparison will result error
calculated by (1).

Standart value—test value
Error = (1)
Standart value

The second test is knowing the precision of each sensor. The precision shows how a measuring
instrument gives a certain scale value consistently at many times. This can be calculated from the standard
deviation obtained from each test conducted. Standard deviation can be calculated by (2).

2?:1(xi_x)
= )

ox = ——r
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Then linearity is a mathematical relationship between input parameter and output parameter that can
be represented as a straight line in a graphic [32]. Linearity is closely related to proportionality of input and
output. Sensors calibrated on this monitoring device are; pH sensors, water temperature sensors, TDS
sensors, also temperature and humidity sensor. This calibration process is also very important to be done to
obtaining the regression equation. The equation is used to convert 12-bit analog values into actual unit
values. Thus the regression equation for each sensor can be used as a reference in the calibration process for
another monitoring devices.

3. IMPLEMENTATION
3.1. Field device system

The hardware of this monitoring device shown in Figure 4 is mounted near the hydroponic
installation. The sensors used to measure the parameters of the condition of the water growing media are
immersed in the water tank. The growing medium in this hydroponic farming system always flows under
pressure from a water pump. The sensors used function to determine the condition and quality of hydroponic
growing media.

Figure 4. The field device or monitoring hardware visualization

3.2. Android application for hydroponic farming (Arsenik)

Figure 5 shows the main aplication window presenting five essential parameters of the nutrient
water in hydroponic system. The monitoring device hardware has provided an LCD to display the sensor
reading. However, it only allows the user to do on-site inspection. To provide more flexibility in the water
condition observation, an Android application is deployed for each Arsenik monitoring device. Thus, the user
is now able to observe the system’s condition remotely.

Figure 5. Android application user interface
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3.3. Sensor calibration

This calibration process is carried out to determine the accuracy and precision of each sensor.
Instruments calibrated on this monitoring device are pH sensors, water temperature sensors, TDS sensors,
also temperature and humidity sensor. This calibration process is also very important to be done to obtaining
the regression equation. The equation is used to convert 12-bit analog values into actual unit values. Thus the
regression equation for each sensor can be used as a reference in the calibration process for another
monitoring devices. The regression equation obtained by comparing the input value from ADC value and
output value from standardized measurement. Sensors obtained the regression value are only pH and TDS.
DS18B20 and DHT11 cannot be regressed because they are digital sensor. The equation for each sensor
described:

pH = 11.5 — (0.0033 x pHypc,,;,,.) (4)

tds = (0.29 x TDSypc,.,..) + 79 (5)

value

where pH is true value of pH, pH,pc,,,,.is ADC value input to pin 33 of ESP32, tds is true TDS value, and
TDSupc,y,,,1S ADC value input to pin 34 of ESP32.

4. RESULTS AND DISCUSSION
4.1. Sensors calibration analysis

Calibration process tested in this research are accuracy and precision. The precision is obtained with
repeatibility method. Tests are conducted to the same object, sensor device, standard measuring instrument,
and done by the same measurement operator. Each test for each sensor is carried out 5 times, this is to test the
precision. While the variation of testing for each sensor is carried out at different intervals and amounts. The
pH sensor test was carried out on 3 variations of the buffer solution which had 3 different pH values at room
temperature, namely; 4.01, 6.88, and 9.18. The comparison instrument for the pH test is PH818. TDS sensor
testing is carried out on 5 different water temperature values, namely; 22.1, 24.3 °C, 25.5 °C, 37.2 °C, 44.6
°C, and 54.6 °C. The comparison instrument for the water temperature test is also the same, namely PH818,
because this measuring instrument also has a water temperature measurement feature. Meanwhile, the TDS
test was carried out on a number of 31 different variations of TDS values. The comparison instrument for the
TDS test was the digital TDS-3 HM. While the comparison instrument for temperature and humidity is
HTC-1. The results of testing all the sensors above are presented in Table 1.

In the dataset concluded in Table 1, all sensors have good accuracy. The pH sensor has insufficient
accuracy and precision because the probe tip is not completely dried when changing the test buffer solution.
The same thing also happened to the TDS test which used 5 variations of the solution with different levels of
turbidity, sometimes the probe tip still had droplets from the previous solution. As for the water temperature
test, the DS18B20 sensor has fairly good accuracy and precision, but has a rather long settling time, which is
around 8-10 seconds. Likewise, the temperature and humidity readings by the DHT11 sensor also have fairly
good accuracy and precision.

Table 1. Sensors accuracy and precision test result for the monitoring device

Sensor Average error  Accuracy (%)  Standart deviation  Precision (%)
pH 17.8 82.2 494 50.6
TDS 8.2 91.8 6.1 93.9
Water temperature 3.4 96.6 3.6 96.4
Air temperature 2.6 97.4 4.8 95.2
Air humidity 1.3 98.7 49 95.1

4.2. Linearity

The linearity character can also determine the accuracy of the measurement. The higher the linearity
value, the changes in the value received by the sensor will produce a more accurate output. In this research,
linearity analysis was carried out on 3 sensors, namely, pH sensor, water temperature sensor, and TDS
sensor. Figure 6 shows the linearity test results for the 3 sensors. From the test data, each result are;
Figure 6(a) pH sensor has linearity of 95%, from Figure 6(b) shows that TDS sensor linearity is 99%, and
from Figure 6(c) shows that water temperature DS18B20 sensor linearity is 95%. The linearity test results
show that the 3 sensors have good linearity. This term will increase accuracy point.
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Figure 6. Linearity test results for; (a) pH sensor, (b) TDS sensor, and (c) DS18B20 sensor

4.3. Android application user interface (Ul)

Android application testing is done by user survey. The number of respondents was 33 people with a
student age range of 18-21 years as many as 16 people. In addition, the adult age range is 27-32 years as
many as 17 people. The survey was conducted using the Google Form feature with the account of one of the
researchers of all respondents, 77% said the Ul design of the Arsenik application was attractive, 23% less
attractive. In terms of informativeness, 84% said it was informative, while the remaining 16% said it was less
informative. 100% of respondents can understand information about the pH value of water, water
temperature, and air temperature well. While only 88% of respondents could understand the TDS value and
humidity well, the remaining 12% did not understand the information. From the aspect of Ul components
testing was carried out on several components namely background color, layout, font, font size, parameter
value, parameter description, and logos. Of the 33 respondents, 55.6% stated that they did not agree with the
background color, 33.3% questioned the layout form, and the remaining 11.1% questioned the parameter
units.

5. CONCLUSION

From the whole process of designing and manufacturing hydroponic growing media monitoring
devices, it can be concluded that this l0T-based monitoring system has been running well. The design from
the hardware side shows that the system has been able to be implemented into a hydroponic farming system
with a maximum power supply of 36 V and current consumption of 110 mA. From the firmware side, the
program embedded in the ESP32 can also carry out the tasks of capturing sensor data, processing data,
internet connection, and updating data with Google Firebase well. Then from the user's side, the Android
application created also has a fairly high value of interest and informativeness. This allows hydroponic
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farmers to use this Arsenic monitoring device well so that they can run the hydroponic farming system more
optimally. Testing the sensors showed good results. The three sensors of pH, TDS, and water temperature
have good linearity, which are 95%, 99%, and 95%, respectively. In terms of accuracy, only the pH sensor
has an accuracy rate below 90%, while the four sensors have accuracy above 90%. Precision testing also
shows the same thing, that the pH sensor also has shortcomings in terms of the level of precision which is
below 90%. This is different from other sensors that have a precision level of more than 90%.
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