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Abstract—The hydroponic planting method is one solution for supplying vegetable needs because agricultural land
is limited. Hydroponics allows the growing of vegetables in stages in a limited area by utilizing water as a growing
medium. Water quality greatly determines plant fertility, so monitoring must be carried out regularly. Currently,
the agricultural sector in Sukabumi has a large potential for the economy of the community. Farmers develop
hydroponic farming for Bok Choy plant but monitoring of water quality is still done traditionally. Therefore, in this
study, a water quality monitoring system is proposed including pH, turbidity, and temperature. Another parameter
that is observed is the water level in the reservoir which is useful for maintaining water circulation. This system
works online through the internet network, both the sensing process, data transmission, and data display using the
Internet of Things (IoT) platform. The measured parameters can be observed via a web application. Performance
evaluation of sensor devices is carried out by comparing the measurement values of standard devices. The test results
on the system that has been implemented show that the system has high accuracy and all parameters are successfully
displayed on the web page. The applied systems can increase the fertility of vegetables on hydroponic land so that it
can improve the quality of production.
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Abstrak—Metode tanam hidroponik menjadi salah satu solusi dalam mensuplai kebutuhan sayuran karena
terbatasnya lahan pertanian. Hidroponik memungkinkan menanam sayuran secara bertahap di lahan terbatas
dengan memanfaatkan air sebagai media tanam. Kualitas air sangat menentukan kesuburan tanaman sehingga
pemantauan harus dilakukan secara berkala. Saat ini sektor pertanian di wilayah Sukabumi memiliki potensi yang
besar bagi perekonomian masyarakat. Petani mengembangkan pertanian hidroponik pada tanaman Pak coy namun
pemantauan kualitas air masih dilakukan secara manual. Oleh karena itu, pada penelitian ini diusulkan suatu sistem
pemantauan kualitas air yang meliputi pH, kekeruhan, dan suhu. Parameter lain yang diamati adalah ketinggian
air di reservoir yang berguna untuk menjaga sirkulasi air. Sistem ini bekerja secara online melalui jaringan internet
baik proses penginderaan, transmisi data, maupun tampilan data menggunakan platform Internet of Things (10T).
Parameter yang diukur dapat diamati melalui aplikasi web. Evaluasi kinerja perangkat sensor dilakukan dengan
membandingkan nilai pengukuran perangkat standar. Hasil pengujian pada sistem yang telah diimplementasikan
menunjukkan bahwa sistem memiliki akurasi yang tinggi dan semua parameter berhasil ditampilkan pada halaman
web. Sistem yang diterapkan dapat meningkatkan kesuburan sayuran pada lahan hidroponik sehingga dapat
meningkatkan kualitas produksi.

Kata kunci: hydroponic, pemantauan, pH, kekeruhan, suhu

. INTRODUCTION

will trigger land conversion. Land conversion is defined

The Directorate General of Population and Civil
Registration of the Ministry of Home Affairs noted that
Indonesia's population had reached 273.87 million as of
December 31th 2021. This data shows that Indonesia's
population has increased by 1.64 million people during
the June-December 2021 period. The province with the
largest population is West Java with a population of 48.22
million at the end of 2021. East Java is followed by 41.06
million, Central Java at 37.31 million, and North Sumatra
at 15.24 million [1]. Population growth will be followed
by the fulfillment of housing or settlements so that it

as a change in the function of a part or all the land area
from its original function to another function that harms
the environment and the potential of the land itself [2].
Based on the Agriculture Statistic Report of Food Crops,
Central Bureau of Statistics (BPS) Indonesia, in 2021
there was a 2.3% decrease in the harvested area compared
to 2020 which resulted in a decrease in rice production
by 0.43% compared to the previous year [3]. Therefore,
innovations are needed in the development of agricultural
systems by utilizing technology in line with the demands
of the Industrial Revolution 4.0 based on cyber-physical,
Internet of Things (IoT), cloud computing, and cognitive
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computing [4], [S]boosting farm productivity and yield is
essential. More than 70% of the population is involved
directly or indirectly in crop production activities. This
sector contributes to the Indian economy a great deal. It
contributes over 17% of the total Gross Domestic Product
(GDP. Digitization and computerization can have an
impact on human life around the world.

Several studies have utilized IoT technology to
overcome the problem of limited agricultural land by
planting hydroponics. According to research conducted
in [6], IoT-based hydroponic is a way of growing using
water that can be controlled for its growth through many
parameters including temperature, potential hydrogen
(pH), total dissolved solids, water temperature, humidity,
ultraviolet (UV), carbon dioxide, soil moisture, and
electrical conductivity. The device used is the ESP8266,
Arduino, and Raspberry Pi with the MySQL, Thingspeak,
Firebase, Domoticz, and Wyliodrin IoT Platforms. In [7],
the authors developed a hydroponic system to monitor
the main parameters from temperature, pH, and water
conductivity sensors. This system consists of an Arduino
as IoT module, database, and web server that is built on
Raspberry Pi Pocket Personal Computer (PC). Another
hydroponic monitoring system was developed using
Nodemcu ESP8266. The system can read water level
information on the water reservoir and plant temperature
humidity from the DT11 sensor and work using fuzzy
logic. Information can be monitored through the android
application [8].

An IoT-based aeroponic hydroponic plant system
has been designed in [9] for monitoring, controlling, and
automating nutrient mixing according to plant needs.
IoT device design using a microcontroller raspberry pi
which is integrated with Arduino Mega microcontroller as
controller of all sensors, including water level, ultrasonic,
pH, total dissolved solids (TDS), and humidity. The
Android mobile application is used as an interface in the
control and monitoring of devices by users. In [10], the
authors implemented the three sensors which are the DHT-
22 sensors to detect temperature and humidity, the pH
sensor to detect the pH value, and the TDS sensor to detect
water nutrients in plants. The sensor data is controlled by
Arduino Uno and the data is sent to the Thingsboard server
using the Message Queuing Telemetry Transport (MQTT)
protocol whose data is displayed in the form of charts
and graphs. Another study made a two-sensor system
connected to the Arduino Uno microcontroller. The two
sensors are DHT11 for temperature and humidity and YF-
S201 for measuring the intensity of the nutrients flowing
through the gully [11].

Another research, implementing a smart greenhouse
on hydroponic plants that can adjust the number of
nutrients automatically as well as set the right pH. Control
and automation can be done remotely, continuously, with
historical data, and real-time. Smart hydroponic farming
was also developed specifically for lettuce plants using
fuzzy logic that can regulate plant nutritional needs, water
PH, and water level in real-time through the website

[12]. Design and building mobile applications based on
Android for nutrition monitoring hydroponic lettuce was
also developed in [13].

Previous studies have realized a system for monitoring
important parameters in hydroponics. However, most of
them do not monitor the condition of the reservoir which
has an important role in maintaining water circulation.
Therefore, in this research, a system is designed and
applied that can control the pump and monitor vital
parameters in a hydroponics system, including water level
and water quality, including pH, turbidity, and temperature.
This system was applied to Bok Choy hydroponics in one
of the hydroponic fields in Sukabumi area. The system is
designed. The proposed system consists of an Ultrasonic
sensor The HC-SR04 used to determine the water level
in the hydroponic reservoir, DS18B20 digital thermometer
sensor used for measuring the water temperature, analog
TDS sensor meter for determining the cleanliness of
hydroponic water, and an analog pH meter used to
measure the pH of the hydroponic water, all data obtained
by each sensor will be processed on a microcontroller, in
the form of WEMOS D1 R32 ESP8266 which has been
integrated with antenna and RF module. And by using
Wi-Fi communication, all data sent to a cloud database
which is then displayed on a website-based application for
hydroponic monitoring and controlling.

II.  SYSTEM DESIGN AND FABRICATION
A. System Overview

The proposed hydroponic monitoring system is
presented in Figure 1. Measurement of water quality
parameters includes pH, turbidity, and temperature.
Another parameter that is measured is the water level.
Sensors used in this study include pH sensor type PHO-14,
TDS meter DF robot, temperature sensor DS18B20, and
ultrasonic sensor. Processing sensor data both readings
and calibration using Arduino UNO board. Meanwhile,
for data transmission to the point cloud using the ESP32
Wi-Fi module. Detailed descriptions of the design of each
sensor, data transmission, and monitoring application are
presented in the following sub-section.

B. pH Sensor

To use the pH meter SENO161 sensor, connect the
pH sensor with BNC connector, and plug the PH2.0
interface into the analog input port of WEMOS DI R32
ESP8266, for increase the accuracy the sensor has a table
of calibration, with pH and the Voltage value of the sensor
is shown on Table 1 with 25° water temperature.

C. TDS Sensor
The value of TDS sensor is used to determine the

cleanliness of the water in hydroponic reservoirs. TDS
shows how many milligrams of dissolved solids dissolved
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Figure 1. The proposed hydroponic monitoring system

in one liter of water, the higher the TDS value, the more
solids dissolved in the water and causes the water to
become soiled. Calibration of the TDS sensor is clean
insert the probe into the buffer solution and wait for stable
readings, then compare the value with TDS meter.

D. Temperature Sensor DS18B20

Since the TDS and pH probe does not have a temperature
sensor, the sample code of the default pH and TDS is at a
water temperature of 25°C. Therefore, by combining its
use with the DS18B20 digital thermometer sensor to read
the water temperature, the value of the digital thermometer
sensor will update the variable temperature in the code, so
the code for the TDS sensor will be as follows.

// TDS Sensor

gravityTds.setTemperature (temperature) ;

// insert temperature value from
DS18B20 digital thermometer

gravityTds.update () ;
tdsValue = gravityTds.getTdsValue () ;
Serial.print (tdsValue,0);
Serial.println("ppm");
delay (1000) ;

E. Water Level Sensor

The HC-SR04 ultrasonic sensor is used to determine the

Table 1. The relationship between the pH electrode and the pH value [14]

Voltage (mV) pH Value Voltage (mV) pH Value
414.12 0.00 -414.12 14.00
354.96 1.00 -354.96 13.00
295.80 2.00 -295.80 12.00
236.64 3.00 -236.64 11.00
117.48 4.00 -117.48 10.00
118.32 5.00 -118.32 9.00
59.16 6.00 -59.16 8.00
0.00 7.00 0.00 7.00

distance between the sensor and the nearest object, in this
case the water level as shown in Figure 2. The ultrasonic
sensor is placed at the top of the water reservoir, and is
directed towards the bottom towards the water surface. To
start the measurement, the Triger on the HC-SR04 must
receive a high pulse (5V) for at least 10 ps, the sensor will
send 8 cycles of ultrasonic blast at a frequency of 40 kHz
and wait for the reflected ultrasonic wave. When the sensor
detects the reflected wave, then the Echo on HC-SR04 will
calculate the wave delay time from the trigger to the echo,
with the following equation:

340" x propogationtime

Emptylevel = S 3 (cm) )

where the propagation time for 1 cm is 58.1410°s.

F. Data Transmission Mechanism

The data from the measurement of water quality
parameters is sent to a cloud database to be monitored
through a website application. Based on the topology in
data transmission presented in Figure 1, WEMOS collects
all measurement parameters and then sends the data to
the database. In order to communicate with the database
server, an access point is needed as an internet gateway. In
this study, WEMOS is connected to the existing internet
network which acts as an access point [15]. Initial settings
as the following script:

#include <ESP8266WiFi.h> //Library
//Name Wi-Fi
//Password Wi-Fi

char ssid[] = “Xxxx”;
char pass[] = “Pass”;

Ultrasonic

Empty)
level

Water
level

lontainer height

Figure 2. Ilustration of water level calculation



Indrarini Dyah Irawati et.al: Web-based Water Quality Parameter Monitoring for Bok Choy Hydroponics using Multi 155
Sensors

*»00
e : ]

ZouBzCcello oW cww 37

Figure 3. Parameter fields in Firebase

Furthermore, the measurement data is sent sequentially
as follows:

void loop () {

sendData (pH) ;

sendData (TDS) ;
sendData (waterLevel) ;

sendData (Temp) ;

In this study, Google Firebase is used as the database
server. The measurement parameters are then input into
the text field as shown in Figure 3. The fields include
“Distance”, “pH”, “TDS”, and “Temperature”, where
Distance represents the water level.

III. RESULT AND DISCUSSION

The hydroponic monitoring system proposed in this
study has been implemented and tested at a greenhouse
in Sukabumi, West Java. Figure 4 shows the installation
of a 1.5 1 m hydroponic system containing Bok Choy.
In this study, plant growth was not part of the analysis.
Performance testing includes TDS meter, pH meter,
temperature, water level, and web monitoring application.
The test results are discussed in the following sub-section.

A. TDS Sensor Test

Testing the performance of the TDS sensor on the tool
compared to a commercial standard TDS meter (Mediatech

Figure 4. Bok Choy hydroponic monitoring system in green house
Sukabumi

Table 2. TDS meter test results

TDS sensor TDS actual

No (ppm) (ppm) Error (%)
1 2446 2450 0.16
2 2451 2450 0.04
3 2453 2450 0.12
4 2451 2450 0.04
5 2448 2450 0.08
6 2451 2450 0.04
7 2453 2450 0.12
8 2451 2450 0.04
9 2448 2450 0.08
10 2446 2450 0.16
11 555 558 0.54
12 557 558 0.18
13 561 558 0.54
14 555 558 0.54
15 555 558 0.54
16 555 558 0.54
17 560 558 0.36
18 553 553 0.00
19 553 553 0.00
20 553 553 0.00

Average error 0.21

TDS-3). Tests were carried out at different levels of turbidity
of the water. Both the tool TDS and the TDS-3 are inserted
at the same time at the same height in the container filled
with circulating water from the hydroponic pipe. The test
results are presented in Table 2. From 20 tests with three
varying levels of TDS, average measurement accuracy of
99% was obtained with a maximum error of 0.54%. The
relative error delta is very small, in some measurements,
the error rate is 0%. Thus, the TDS measurement of the
tool can be relied on in the implemented hydroponic water
quality monitoring system.

B. pH Meter Test

This test is intended to observe the reliability of the
sensor in reading the pH of hydroponic water. The value
read by the pH sensor is compared with the paper value
of the pH meter (range 0-14). Water samples were taken
from the same water reservoir. Measurements were
made with two different pH values. The test results are
presented in Table 3. The pH measurement by the sensor
without rounding the value produces an error of 2.26%.
Meanwhile, if rounded values are used, the accuracy of
pH readings by the sensor reaches 100%. The existence of
a delta reading error between the sensor and the pH paper
is due to the limited resolution of the reading by the pH
paper where the pH of the paper can only represent the
absolute pH value from 0-14. From this test scenario, it
can be concluded that the performance of the pH sensor
can be relied on in a hydroponic monitoring system.
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Table 3. pH test results

pH actual (pH

No. pH sensor paper) Error (%)
1 7.29 7 4.14
2 7.34 7 4.86
3 7.4 7 5.71
4 7.29 7 4.14
5 7.34 7 4.86
6 7.33 7 4.71
7 7.07 7 1.00
8 7.04 7 0.57
9 7.02 7 0.29
10 7 7 0.00
11 7.97 8 0.38
12 8.2 8 2.50
13 8.22 8 2.75
14 8.01 8 0.12
15 8.04 8 0.50
16 8.15 8 1.88
17 8.16 8 2.00
18 8.11 8 1.37
19 8.17 8 2.13
20 8.1 8 1.25

Average error 2.26

C. Temperature Sensor Test

The temperature reading by the DS18B20 sensor is
compared with a digital thermometer. Both the ds18b20
sensor and digital thermometer are immersed in the
same water. Table 4 shows the results of temperature
measurements. Based on measurements by a thermometer,
the water temperature measured has a range of 26 to 27
degrees Celsius. From the 20 tests that have been carried
out, the average value of the sensor reading error is 0.38%.
The relatively small error value indicates reliable sensor
performance.

D. Water Level Sensor Test

The ultrasonic sensor in this system is used to measure
the water level in the circulating water reservoir. The
water level in the hydroponic system must be continuously
monitored to ensure the availability of sufficient water in the
reservoir. The values read by ultrasonic are then compared
with measurements using a ruler. The measurement results
are presented in Table 5. The ultrasonic sensor generates
an average measurement accuracy of 98%. Differences in
measurement values can occur because of water waves on
the container due to the flow of water from the hydroponic

pipe.
E. Information System Test

Measurement data is sent to the cloud database through

Jurnal Rekayasa Elektrika Vol. 18, No. 3, September 2022

Table 4. Temperature test results

DS18B20

No. sensor Thermometer Error (%)
1 27 27.4 1.46
2 27.06 27.4 1.24
3 26.94 27.4 1.68
4 26.44 26.4 0.15
5 26.37 26.4 0.11
6 26.37 26.4 0.11
7 26.37 26.4 0.11
8 26.44 26.4 0.15
9 26.44 26.4 0.15
10 26.25 26.3 0.19
11 26.19 26.3 0.42
12 26.25 26.3 0.19
13 26.25 26.3 0.19
14 26.25 26.3 0.19
15 26.19 26.1 0.34
16 26.19 26.1 0.34
17 26.19 26.1 0.34
18 26.12 26.1 0.08
19 26.12 26.1 0.08

20 26.12 26.1 0.08
Average error 0.38
Table 5. Water level test
No Sensor (cm) Actual height Error (%)
(cm)
1 15 15 0.00
2 15 15 0.00
3 15 15 0.00
4 15 15 0.00
5 15 15 0.00
6 15 15 0.00
7 14 15 6.67
8 14 15 6.67
9 14 15 6.67
10 14 15 6.67
11 16 15 6.67
12 16 15 6.67
13 15 15 0.00
14 15 15 0.00
15 15 15 0.00
16 15 15 0.00
17 15 15 0.00
18 15 15 0.00
19 15 15 0.00
20 15 15 0.00
Average error 2

the existing online internet network. The measurement
result data is displayed through a web application as
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shown in Figure 5. There is 5 information consisting of 4
sensor reading data and 1 information related to the status
of the water pump. Sensor readings are performed every 1
minute and are also displayed in graphical form.

This study also surveyed 30 farmers using the
application through 3 questions with the results as shown
in Figure 6. Based on the results of the questionnaire, it
was concluded that the hydroponic monitoring system for
Bok Choy plants that was implemented was following
the needs and was beneficial for farmers in green house
Sukabumi. In addition, this website application is easy
to use but still needs development. Some suggestions
regarding the development of applications on the website
include the need for additional information about
hydroponics and instructions for using the application.
Another suggestion is that a flexible monitoring system
can be used for different crops and the need to control the
provision of nutrients to plants.

IV. CONCLUSION

Online quality monitoring of Hydroponics Planting
using the Internet of Things has been successfully
implemented in the Bok Choy green house at Sukabumi
farm. The system is capable of monitoring water quality
including pH, turbidity, and temperature. In addition,
the water level is also measured so that the system can
automatically run the water pump to meet the water needs
of the plants. Based on the results of the questionnaire to
hydroponic farmers, the application built on the website
helps farmers in monitoring plant growth. Applications
on the website will be developed according to suggestions
from users, including the addition of information related to

hydroponics and application user manuals. The monitoring
system also needs to be developed to predict harvests,
warn when plants are affected by the disease, and use for
different plant varieties.
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