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Abstract. This study presents a monitoring system to provide real-time measurement data of
hydroponic that is accessible from anywhere through internet. Temperatures of nutrient solution
and ambient air are of concern in the monitoring system. The system is developed through the
following steps: design, implementation, and experimental test. The system is built by applying
a NodeMCU ESP-12 as the microcontroller and two temperature sensors DS18B20. The
NodeMCU ESP-12 is to collect measurement data of both temperature sensors and send the data
to a cloud server through a WiFi internet communication. The Google Sheets is applied as the
cloud server to store the measurement data and provide the data to users. Using the Google
Sheets, the data is presented in a table as in the Microsoft Excel which is very convenience for
processing and analyzing the data. Experimental test results show that the system is able to
provide real-time and reliable data of the hydroponics temperatures that can be accessed from
anywhere through the internet. The monitoring system has a delay about 3 to 6 seconds in
presenting the measurement data. This delay is quite small compare to the temperature change
period and therefore is negligible. Moreover, the monitoring system is built at cost USD 6.0
which is quite cheap.

1. Introduction

Measurement is a process to collect data of physical object and compare the data to agreed standards
[1]. Some examples of the measurement are measuring mass, length, pressure, temperature, and
humidity. The measurement is done by using one or more sensors to collect the physical data. The sensor
is a device that converts a physical measure into an electric signal that is read by an observer or by an
instrument [2]. The sensor signal can be either analog or digital. The advanced digital technology
produces computers that are able to process digital data very fast. Sensor that produces digital signals is
readily integrated to the computer for processing the signals. However, the sensor with analog signal
out needs an analog to digital converter (ADC) to connect to the computer. The ADC is a device that
converts analog signal into digital signal [3]. Integrating the sensor with the computer provides many
advantages in the measurement, for examples: data processing, filtering, advanced data presentation,
and data distribution.



A monitoring system has been developed to help people in observing an object. The monitoring
system is an electronics system that automatically works to measure the object parameters, display the
measurement data periodically, and store the measurement data in storage device [4—6]. The monitoring
system may also provide a warning signal if any of the measured data is indicated beyond a limit. A
traditional monitoring system works only for a local area, where the measurement, display, and data
storage are done and located in the same area. This traditional monitoring system is only able to cover
a small area.

The advance internet technology provides a high-speed internet connection at quite low prices. It
results in fast and cheap communication networks around the globe. The communication through
internet is not only done by people to people but also by people to devices, devices to people, and devices
to devices. The internet is applied in any parts of life such that dependency to the internet is very high.
A term to describe the high internet dependency was defined as the internet of things (IoT) [7]. The loT
describes a system that connects everything to internet including human being, computers and things
[8].

The emerging internet technology changes the traditional monitoring-system into a modern
monitoring system by integrating to internet. The loT can be applied in the monitoring system and results
in an advance monitoring system, where the measured data is not only presented and stored in a local
computer but can be presented and distributed around the world in almost real-time. The term of almost
real-time is to emphasized that a small delay should be realized due to the data transmission. This
advanced monitoring system is called as the IoT-based monitoring system [9—11]. The loT-based
monitoring systems have been studied to be applied in many fields, for examples: environment [9],
agriculture [11], transportation [12], and health [13].

Agriculture is very important in human life as producing foods. The agriculture has many planting
methods and one of them is hydroponic. The hydroponic is a planting method without soil but using
nutrient solution [14]. Plants in the hydroponic can be mechanically supported using an artificial
medium, such as: sand, gravel, vermiculite, rock-wool, perlite, peatmoss, coir, or sawdust [15].
Comparing to traditional agriculture, hydroponic provides some advantages [16], for examples: less
space requirement, less maintenance, relatively clean, and high productivity. Considering those
advantages, the hydroponic is a suitable implemented in urban life. It will support food sustainability
and better life environment.

Nutrient solution is one of the main factors for the growth of hydroponic plants. The nutrient solution
is a mix of water and fertilizer that is distributed to the plants through pipelines. Maintenance of the
hydroponics needs to periodically observe the quantity and quality of nutrient solution. Quantity of the
nutrient solution is represented by a volume, where it can be easily observed by using human eyes.
However, monitoring quality of the nutrient solution is more difficult. The quality is represented by
several parameters, for examples: temperature, acidity, and concentration [17]. These parameters are
observed through measurement process using some sensors. The temperature is measured using a
temperature sensor, the acidity is measured by a pH sensor, and the concentration is measured using a
total dissolved solids (TDS) sensor. Since observation of the nutrient solution needs to be done
frequently, it becomes a tedious job and cumulatively spent a lot of time.

An loT-based monitoring system is suitably applied in the hydroponic maintenance. The system is
able to measure the quantity and quality of nutrient solution every time, while the measured data is
stored and accessed from anywhere through internet. Several works on developing the IoT-based
monitoring system for hydroponic have been presented. An loT-based monitoring system presented in
[17] was to monitor the volume, temperature, pH, and concentration of the nutrient solution. The
monitoring system applied Arduino Uno as the microcontroller, a WiFi module ESP8266 as the
connecting bridge to the internet, and a Raspberry Pi 2B as the webserver. The values of monitored
parameters were presented in a webpage. Another loT-based monitoring system was presented in [18§]
and named the iHydroloT. The system used Arduino Uno as the microcontroller unit to collect
measurement data form sensors, where the sensors communicated to the microcontroller through a
Bluetooth Low Energy (BLE) module. A Raspberry Pi 2 was applied as a webserver that received the



measurement data from the Arduino Uno and then sent the data to the Plotly cloud service for
visualization. This monitoring system was to monitor light intensity, air humidity, and several
parameters of the nutrient that include temperature, CO2, acidity, concentration, and volume. An
advanced IoT-based monitoring system for hydroponic was presented in [19]. This monitoring system
is not only to perform monitoring but also applying the measurement data for advanced data analysis
using artificial intelligence. The monitoring system is equipped with a quite complex sensors set that
includes temperature, pressure, altitude, humidity, lux, ultraviolet, CO2, water temperature, pH,
dissolved oxygen, electricity conductivity (EC), and total dissolved solid (TDS). The monitoring system
is also collected vision data using two cameras. An Arduino Mega is applied in the monitoring system
to collect the measurement data from the sensors but not the cameras. A Raspberry Pi 3B+ is applied in
the monitoring system to collect the vision data from both cameras. The Raspberry Pi 3B+ is also
assigned to send the measurement data and the vision data to a database through WiFi communication.
The vision data are further analyzed using deep learning for predicting the harvest time.

The previous research works show that the IoT-based monitoring system provides flexibility to
monitor the hydroponics. This flexibility means that the condition of hydroponic plant can be monitor
anytime from anywhere. The measurement data is not only applied to trigger a warning signal but also
to build an artificial-intelligence model. The model can be used to make classification and prediction to
improve quality and quantity of the hydroponics production. Applying the artificial intelligent in
agriculture is a part of the technology of precision agriculture. Therefore, the monitoring system should
be developed to provide data that supports the artificial intelligence.

The temperature is a crucial parameter for determining evapotranspiration of crops, cell metabolism,
crops growth, and crops physiological cycles; while, each crops has a specific range of suitable
temperature [20-22]. Crop requirement on suitable temperature condition is different at different growth
stages and light condition [23-25]. Understanding crop-temperature interaction in precision manner is
a one of important keys in managing sustainable greenhouse production.

This study is to develop an loT-based monitoring system of hydroponic temperatures. This
monitoring system will be used to observe nutrient-solution temperature and ambient-air temperature of
hydroponic plant. Moreover, the monitoring system will record the temperatures data that is being used
in advanced analysis such as finding the optimal temperature for the plant growth and temperature
prediction. This monitoring system is built using a NodeMCU ESP-12 and two temperature sensors.
Measurement data of the temperature sensors are collected by the NodeMCU and sent to a cloud server
via WiFi communication. The data is stored in the cloud server and accessible by authorized users from
anywhere through internet. This will provide flexibility in monitoring the hydroponic temperatures.
Presentation of this paper is organized as follows. Section I provides background and motivation of the
work to develop loT-based monitoring system with a study case on monitoring hydroponic
temperatures. Section II presents the detail of loT-based monitoring system for hydroponic
temperatures. It described the concept, the hardware specification, the hardware design, and the
software. Section III describes the experimental test and the result in evaluate the developed monitoring
system. Finally, the Section IV concludes the work.

2. Materials and methods

Hydroponic is a planting method by using nutrient solution instead of soil [11]. The nutrient solution is
distributed and circulated to all of the plants through lines. Temperature is one of the important
parameters for the plant’s growth. In the hydroponic, it can be identified at least two types of
temperatures: 1) temperature of nutrient solution and 2) ambient temperature. The ambient temperature
is the air temperature surrounding the plants. Both temperatures may not be equal due to heat isolation
of the pipeline and the different heat capacity of the nutrient solution and the ambient air. The pipelines
applied in the hydroponics are commonly made from PVC material. The PVC material is a heat insulator
material that prevents heat transfer from the ambient air to the nutrient solution and vice versa. This
insulator makes both temperatures may not be equal. Moreover, the nutrient solution has higher heat
capacity than the ambient air. The higher heat capacity makes the temperature of nutrient solution more



inert than the temperature of ambient air. Temperature change of the nutrient-solution should be slower
than the ambient air.

2.1 Concept of Monitoring System

An loT-based monitoring system to observe the temperatures of nutrient solution and ambient air is
developed. A concept of the monitoring system is explained based on a model in Figure 1 as follows.
Two temperature sensors are applied in the monitoring system, where one of the sensors is dipped in
nutrient solution in the pipeline and another sensor is place above the pipeline and beside the plant. The
measured temperature data of the sensors are collected and sent to a could server by a microcontroller.
The measurement data is stored in the cloud server and can be accessed by permitted user from anywhere
through internet. Realization of the concept needs to specify, design, and implement the required
hardware and software.
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Figure 1. A model of loT-based temperature monitoring system of hydroponic plant.

2.2. Hardware Specification

According to the concept of monitoring system shown in the Figure 1, the monitoring system consists
of four main parts: sensor, microcontroller, cloud server, and HMI. Since the cloud server is a service
provided a provider and the HMI is located in the user side, the required hardware for the monitoring
system are only the sensor and microcontroller.

This study is concerned in monitoring temperatures of hydroponic that include the nutrient-
solution temperature and ambient-air temperature. Therefore, two temperature sensors are required. The
first temperature sensor is to measure the nutrient-solution temperature (NST) and called as the NST
sensor. The second temperature sensor is to measure the ambient-air temperature (AAT) and called as
the AAT sensor. The NST sensor is placed by sinking into the nutrient solution in the hydroponic
pipeline. The NST sensor needs to be a waterproof temperature sensor. For this requirement, the Dallas
temperature sensor DS18B20 is applied. The DS18B20 is a water-proof and low-cost temperature sensor
that can be used to measure temperature from —10°C to +85°C with accuracy £0.5°C. Meanwhile, the
AAT sensor is not dipped in liquid but for anticipating water contamination on the sensor due to rain
and dew, the AAT sensor applies the DS18B20 temperature sensor.

The temperature sensor DS18B20 is shown in Figure 2. The sensor has three pins, where the
pin 1 is the ground, the pin 2 is the data, and the pin 3 is the VDD [26]. The sensor works by a power
supply 3.0 to 5.5 Volts direct current (DC), where the positive voltage is connected to the pin 3 and the



negative voltage is connected to the pin 1. The pin 2 is the sensor output that provide the measurement
data. For operating the sensor, the pin 2 and the pin 3 have to be connected by using a resistor 4.7 kQ.
More detail specification and operation of the DS18B20 sensor can be found in the datasheet [27].

Y

Figure 2. Temperature sensor DS18B20 and the pins wiring [26].
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Figure 3. NodeMCU ESP 12 and the pins configuration [26].

Another required hardware in the IoT-based monitoring system is the microcontroller. The
microcontroller is used to collect the measurement data resulted by the sensors and sent the data to a
web server. Communication between the microcontroller and the web server can be done through wire
communication or wireless communication. The wire communication transmits the measurement data
to the web server via local area networks (LAN) cable, while the wireless communication does it via
WiFi. Compared to the wire communication, the wireless communication provides more advantages,
for examples less installation, less cost, but tidier. Developing such kind of the loT-based monitoring
system requires a microcontroller that has an ability to communicate via WiFi. There are several types
of microcontrollers that can be applied, for example: Raspberry Pi and NodeMCU ESP-12. Both
microcontrollers have facility for WiFi communication. Arduino UNO which is one of most famous
microcontrollers does not have facility for the WiFi communication. The Arduino UNO can be applied
but requires a WiFi communication module that is available separately. Since the developed monitoring
system in this study uses only two sensors, the NodeMCU ESP-12 is best choice by considering the



budget. The NodeMCU ESP-12 is a low-cost microcontroller equipped with a WiFi communication
module that can be obtained at price less than USD 4.0. Figure 3 shows the NodeMCU ESP-12 and the
pin configuration. The NodeMCU ESP-12 has thirteen pins of general-purpose input output (GPIO). It
can be used in a monitoring system by handling up to thirteen measurement data. The NodeMCU ESP-
12 is a C programmed microcontroller. It can be programmed by using the Arduino integrated
development environment (IDE).

2.3.  Hardware Design

The specified hardware for the monitoring system needs to be designed and integrated in an electronic-
circuit setup. Figure 4 shows a diagram of the electronic-circuit setup. The NodeMCU ESP-12 is
powered by a 5 Volt external power supply that is given through the micro-USB port. The NodeMCU
ESP-12 is not only consuming the power for operation but also distributing the power. The NodeMCU
has a power regulator and power distribution system to distribute the power in two voltages, 5.0 Volts
and 3.3 Volts. The 5 Volt power supply is available at the pin Vin, while the 3.3 Volts power supply is
available at the pins 3V3. These distributed powers are available at the pin Vin for 5 Volts and the pins
3V3 for the 3.3 Volts.

The distributed power can be used to supply sensors and actuators but for alimited number due to
the power capacity. For an application that utilizes several sensors and actuators, it is very
recommended to use an external power supply for the sensors and the actuators and not using the
distributed power from the NodeMCU ESP-12. The developed loT-based monitoring system for
hydroponic is utilizing only two DS18B20 temperature sensors which are low-power consumption
sensors. Therefore, power for both sensors is supplied by the distributed power of NodeMCU ESP12.
In this case, both sensors are powered by 3.3 Volts.

Hardware setup of the loT-based temperature monitoring system for hydroponic is shown in
Figure 5. The hardware is built on a PCB and the circuit is quite simple. Both temperature sensors
are labeled by numbers 1 and 2. The temperature sensor 1 is connected to the pin D5 of the NodeMCU
ESP12, while the temperature sensor 2 to the pin D6. The temperature sensor 1 is the NST sensor
that measures temperature of the nutrient solution in the hydroponic pipe, while the temperature
sensor 2 is the AAT sensor that measures the air temperature surrounding the plants. This hardware
is not ready to operate because the NodeMCU has not been programmed yet. A program that
describes an algorithm of the monitoring system need to be embedded into the NodeMCU.

Figure 4. The electronics-circuit diagram of the loT-based temperature monitoring system.



Figure 5. Hardware implementation of the loT-based temperature monitoring system.

WiFi / cable
Google Apps Google 1 communication
Script Sheets J ‘

Cloud Server (Data Storage)

Temperature
Sensor 2

WiFi
ModeMCU communication
ESP-12

i
-

Temperature
sensor 1

User Interfaces
Measurement

Figure 6. Data flow of the loT-based hydroponic monitoring system.

2.4. Software

The loT-based monitoring system consists of three main parts: measurement, cloud server, and
user interface. Figure 6 shows a diagram of this monitoring system including the data flow. The
measurement is to obtain data using sensors which is done by two temperature sensors and a NodeMCU
ESP-12. The NodeMCU is to collect the temperature data and send the data to the cloud server.
Communication of the NodeMCU and the cloud server is done through a WiFi communication. The
cloud server is to store the data and provide the data to authorized users. The applied cloud server in this
study is the Google Sheets. The users do a monitoring of the hydroponic by accessing the Google Sheets
on their computer or smartphone.



The NodeMCU is a microcontroller that can be program using the C language. Arduino IDE
provides a facility to write a program for the NodeMCU and embed the program into the NodeMCU
memory. In this monitoring system, the program declares sequential tasks for the NodeMCU. The tasks
include collecting the measurement data of both temperature sensors, connecting to WiFi server, and
feeding the measurement data into the Google Sheets. An access of the NodeMCU to the Google Sheets
is obtained by defining a code program at the Google Apps Script.

The Google Sheets is a cloud application that can be used to store and process data in cloud. The
Google Sheets is very similar to the Microsoft Excel. By storing the temperature measurements data in
the Google Sheets, the users can monitor the hydroponic by accessing the Google Sheets on their
computer or smartphone. The data can be presented in table as well as in graphs. This provides flexibility
in monitoring the hydroponic.

3. Results

The IoT-based temperature monitoring system for hydroponic is built and experimentally tested
as shown in Figure 7. The hydroponic is placed in open area without sun protector. This is expected to
result in a significant temperature different between noon and night. This experiment test is run to
observe the nutrient-solution temperature (T;) and the ambient-air temperature (T2). The measurement
data is logged every 30 seconds and the experimental test is carried out for 3.5 days. Data of the
monitoring system is accessed in the Google Sheets using a computer.

/ Figure 7 Experimental test setup.

The monitoring results are shown in Figure 8 and Figure 9. The Figure 8 shows a plot of the
measured temperatures for the 3.5 days period. The plot was generated in the Google Sheets. The plot
shows two temperatures data, the Temperature 1 and Temperature 2. The Temperature 1 is the nutrient
solution temperature (NST) measured by the temperature sensor Ti. Meanwhile, the Temperature 2 is
the ambient air temperature (AAT) measured by the temperature sensor T». The plot shows that both
temperatures were change during the time. Maximum temperature of the ambient air every day during
the three days period was about 32 to 32.5 °C and occur around 3 PM, while the maximum temperature
of the nutrient solution was in the range of 28 to 28.8 °C and occur at 5 to 6 PM. The minimum
temperatures of the ambient air were in the range of 24.6 to 25.4 °C at 6 AM, while the minimum
temperatures of the nutrient solution were 24.8 to 25.2 °C at § AM.
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Figure 8. Plot of the hydroponic temperatures.

The Figure 9 presents some measurement data in the Google Sheets table. Time column in the
table shows that interval of each data is not exactly 30 seconds but in the range of 33 to 36 seconds.
Meanwhile, it was mentioned that the data was logged every 30 seconds. This deviation indicates a delay
about 3 to 6 seconds in each transferring data from the NodeMCU to the Google Sheets server. The
delay could be caused by the internet connection.
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1 Date Time Temperature 1 (C) Temperature 2 (C)

21993 14/07/2021 10:56:47 26.02 28.75
21994 14/07/2021 10:57:20 25.96 28.88
21995 14/07/2021 10:57:54 26.02 28.88
21996 14/07/2021 10:58:27 25.98 28.81
21997 14/07/2021 10:59:01 26.02 28.94
21998 14/07/2021 10:59:34 26.02 28.94
21999 14/07/2021 11:00:08 25.96 29
22000 14/07/2021 11:00:42 26.02 29.06
22001 14/07/2021 11:01:16 26.02 29.12
22002 14/07/2021 11:01:49 26.02 29.19
22003 14/07/2021 11:02:23 26.02 29.06
22004 14/07/2021 11:02:57 26.02 29.12
22005 14/07/2021 11:03:31 26.09 29.19
22006 14/07/2021 11:04:05 26.09 29.25
22007 14/07/2021 11:04:38 26.09 29.31
22008 14/07/2021 11:05:15 26.02 29.19
22009 14/07/2021 11:05:48 26.02 29.06
22010 14/07/2021 11:06:24 26.02 29.06
22011 14/07/2021 11:06:57 26.09 29.12

Figure 9. Presenting the hydroponics temperatures data in the Google Sheets.



4.

Discussion

This study has resulted in a prototype of loT-based monitoring system for hydroponic that is intended
to monitor the nutrient solution temperature and the ambient air temperature. The system measures the
temperatures every 30 seconds. The measured temperatures data are stored and presented in the Google
Sheet. This allows the users to monitor the hydroponics by accessing the Google Sheet using computer
of smartphone from anywhere through internet.

The experimental test result in Figure 9 shows a delay on the measurement data up to 6 seconds

of each measurement. The Figure 8 shows that both temperatures are look like periodical functions with
time period about 24 hours. Therefore, the time interval 30 seconds is actually too short compared and
can be increased, for an example the measurements are done every 30 minutes. Performing
measurements with longer time interval, such as 30 minutes, will make the delays up to 6 seconds to be
insignificant values.

5.

Conclusion

A temperature monitoring system for hydroponic plant has been developed. The monitoring system is
able to provide reliable and real-time measurement data of the hydroponic temperatures. The
measurement data can be accessed in Google Sheets by user form anywhere through internet using a
computer ormobiledevice. Presenting the measurement data in the Google Sheets provides a flexibility
for further data processing and analysis to the users. The developed monitoring system was concerned
on the hydroponic temperatures only. It can be expended to monitor other parameter by adding more
sensors, such as pH sensor, TDS sensor, and nutrient volume. This is considered as a further work of
this study.
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