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1. Introduction 

The agricultural sector is presently experiencing rapid technological advancements. 

Technology is accessible in the agricultural sector, from pre-harvest activities to products 

ready for market. Currently, agricultural activities occur in various locations, including urban 

areas, narrow land, and large fields. This activity is designed to address the sustenance 

requirements of urban areas. This technological innovation enhances plant productivity in 

urban or restricted spaces. Implementing technology is one of the endeavours to enhance the 

productivity of plants cultivated on a narrow land. (Irawan et al., 2021).  

Plant cultivation on narrow land can be done optimally in a greenhouse. In the 

greenhouse environment, parameters for plant cultivation, such as temperature, humidity, 

water pH, and nutrient supply to plants, can be regulated (Tando, 2019). Greenhouse aims to 

modify environmental conditions on several parameters, such as temperature, humidity, and 
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The rapid development of technology has significantly impacted the 
agricultural sector, particularly in optimising farming activities in 
restricted spaces like greenhouses. Monitoring environmental 
parameters such as water temperature and pH is crucial for 
successful plant cultivation. This research aims to develop an Android 
application, Aquabalance, for real-time monitoring of water 
temperature and pH levels in a greenhouse to improve efficiency and 
minimise the need for manual monitoring. The system integrates 
Arduino UNO, ESP8266, DHT22 temperature sensor, and a water pH 
sensor, achieving accuracy levels of ±0.5°C for temperature and ±0.1 
pH for water. The development process utilised the Scrum method, 
ensuring flexibility and user-centric design. Testing was conducted 
with two participants—a farmer and a researcher—who assessed key 
functionalities such as registration, login, and data retrieval. The 
Android application performed with a 95% success rate, with an 
average response time of 2–3 seconds for real-time data display. 
User satisfaction was evaluated on a 1-5 scale, with an average score 
of 4.7 for usability, navigation, and performance. The results indicate 
that Aquabalance effectively facilitates greenhouse monitoring, 
providing real-time, remote access to essential environmental data, 
ultimately enhancing greenhouse management and reducing time 
spent on manual monitoring tasks. 
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water pH, to suit plant growth conditions. Thus, plant production in the greenhouse can be 

optimized (Sujadi & Nurhidayat, 2019).  

At present, the majority of greenhouse environmental monitoring is conducted manually. 

Environmental parameters within the greenhouse are assessed with manual measurement 

devices. Manual monitoring possesses numerous disadvantages, notably the inability to 

conduct real-time observation (Suakanto et al., 2024). If the greenhouse is extensive, 

monitoring using conventional methods will become progressively challenging. This condition 

requires numerous personnel and an extended observation period (Sawidin et al., 2016). In 

addition, farmers are still required to carry out cultivation activities, including irrigation, 

maintenance, and fertilization, which demand significant time investment (Astuti et al., 2024). 

Consequently, technology is essential for monitoring environmental conditions in greenhouses 

to guarantee their suitability for plant growth (Ramadhan et al., 2021).  

Recent technology advancements enable remote and real-time monitoring with an 

Android application. The Android monitoring system tracks the temperature and pH levels of 

the greenhouse water. This monitoring solution is readily accessible from any location using 

an Android mobile. This application delivers considerable precision and real-time 

measurements from temperature and pH sensors (Prawitha et al., 2022). This technology's 

development constitutes an application of Internet of Things technology, which is a notion that 

links an object through an Internet network to enable real-time communication activities 

(Fibriani et al., 2020). Numerous studies have demonstrated that IoT enhances vegetable 

growing in greenhouses. Research indicates that IoT can effectively monitor in real-time, 

optimizing vegetable cultivation processes in greenhouses (Kurniawan et al., 2021) (Suakanto 

et al., 2024) (Bahariawansyah et al., 2019).  

The development of Android applications for greenhouse monitoring has significant 

potential in Indonesia. This is supported by the large number of smartphone users in 

Indonesia, making application development easy (Cindy Permatasari et al., 2023). Developing 

Android applications for greenhouse monitoring offers high-quality weather forecasting. 

Applications facilitate data access anywhere without additional devices such as computers or 

other devices. Furthermore, applications do not require a stable signal to transmit real-time 

data. Data transmission to the server can be carried out 24 hours a day without loading the 

Android device. However, many Android applications are still challenging to use. This is due 

to several factors, including complex designs, excessive features, and a lack of user guidance. 

Therefore, easy-to-use applications are needed, especially for greenhouse monitoring 

activities (Saputra & Thamrin, 2025).  

This research activity was conducted in a greenhouse in Pagak Village, Beji District, 

Pasuruan Regency. Pasuruan Regency possesses a strategic position that facilitates the 

economic advancement of East Java. Pasuruan Regency is on a major highway connecting 

various towns and regencies, including Surabaya, Malang, Sidoarjo, Jember, and 

Banyuwangi.  Pasuruan Regency's strategic location designates it as a prominent industrial 

hub in East Java, hosting various industries, from small to medium to large-scale enterprises 

(Ernawati & Kusuma, 2021). The dry season in Pasuruan Regency necessitates a sufficient 

supply of vegetables. This condition presents opportunities for establishing agricultural 

businesses in urban areas through hydroponics. This method offers several advantages, such 

as enhanced water efficiency, and can be implemented on relatively narrow land while 

maintaining a satisfactory level of vegetable productivity (Prastio et al., 2023).  
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The developed application is called aquabalance. This application is accessible on all 

Android-based mobile devices. This application employs water temperature and pH sensors 

to acquire measurements of ambient conditions within the greenhouse. Variations in pH and 

temperature significantly influence the growth of vegetables, particularly those cultivated 

hydroponically (Karim et al., 2021) (Riis et al., 2012). Consequently, real-time measurements 

are a critical component of the control system to be designed. The reading results are recorded 

on the micro-controller and subsequently transmitted to the web server for storage in the 

server database. The reading results are transmitted over the server to the Android application 

for real-time access. Several research has been undertaken concerning greenhouse 

monitoring with Android applications. The study's results indicate that the program can monitor 

greenhouse conditions in real-time, including temperature, humidity, and pH levels 

(Ramadhan et al., 2021) (Sujadi & Nurhidayat, 2019) (Putra & Faiza, 2022). Nevertheless, 

research concerning measurements in extensive greenhouse settings has been limited. This 

study will be carried out in a greenhouse measuring 6 x 12 meters. It aims to develop an 

Android-based application for monitoring water temperature and pH in a greenhouse. This 

program aims to enable users to monitor operations to ensure that greenhouse environmental 

conditions align with optimal plant development conditions. Furthermore, this application 

allows farmers to minimise greenhouse visits, saving time and costs. This research is 

expected to contribute to developing hydroponic farming in greenhouses. 

2. Methodology   

 The research methodology for this study focuses on developing an Android-based 

application for real-time monitoring of water temperature and pH levels in a greenhouse. The 

method follows a systematic and iterative development process, employing an agile 

methodology (specifically the Scrum method) for the application development phase. The 

process is broken down into distinct phases to ensure comprehensive analysis, design, 

implementation, testing, and evaluation. 

2.1  Needs Analysis 

This application is designed to monitor and regulate water temperature and pH levels 

in a greenhouse environment in real-time using an Android device. The system is composed 

of both hardware and software components. On the software side, it uses Android Studio for 

application development, Arduino IDE for microcontroller programming, Fritzing for circuit 

design, and Adobe Photoshop for creating visual assets. The hardware components consist 

of an Arduino UNO, an ESP8266 Wi-Fi module, a DHT22 sensor for temperature and 

humidity, and a water pH sensor for monitoring the pH levels of the water. 

The application undergoes testing by two respondents: a farmer and a researcher. Both 

testers ensure that the system functions correctly under real-world conditions. The testing 

method involves users interacting with the application and assessing its performance on a 

scale from 1 (very low) to 5 (very high), based on factors such as ease of use, reliability, and 

accuracy of sensor readings. 

2.2 Application Development Method 

The development method employed for this project is the Scrum methodology, a widely 

adopted Agile framework that emphasizes iterative progress through collaboration and 

flexibility. This approach ensures that the application can adapt to the user's evolving needs 
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during its development process (Pratiwi & Sari, 2024). The key steps in the Scrum process 

for this application are: 

• Needs Analysis: Identifying the functional requirements of the application, such as real-

time monitoring of water temperature and pH. 

• System Design: Designing the architecture of the application, including both the back-

end and front-end components. 

• Implementation: Developing the software and integrating the hardware with the mobile 

interface. 

• Maintenance: Ongoing improvements and updates based on user feedback. 

The Scrum methodology is particularly well-suited for this project, allowing flexibility and 

quick adjustments. This method is frequently used in applications requiring continuous 

updates and rapid adaptation, especially when new features or changes are expected during 

development. Based on several studies and literature studies that have been conducted, 

61.76% of application development is carried out using the Scrum method. This method has 

high flexibility in dealing with changes that occur during application development in a short 

time. The application aims to monitor water temperature and pH in real time in a greenhouse. 

The application is designed using two components: the back-end and front-end. The back-

end stores data on water temperature and pH measurements in real time. Meanwhile, the 

front-end is a UI display designed to be easy for farmers to use in monitoring water 

temperature and pH in a greenhouse (Saputra & Thamrin, 2025). 

3.3  Hardware and Software Technical Specifications 

• Hardware Specifications 

Component Specification 

Arduino UNO 
Microcontroller, Atmega328P chip, 14 digital I/O pins, 6 analog inputs, 
USB connection 

ESP8266 Wi-Fi module, supports 802.11 b/g/n, 3.3V operating voltage 

DHT22 Temperature and humidity sensor, range: -40 to 80°C, accuracy: ±0.5°C 

Water pH 
Sensor 

Measures pH level in water, range: 0-14 pH, ±0.1 accuracy 

 

• Software Specifications 

Software Version Purpose  

Android Studio Latest version IDE for Android application development  

Arduino IDE Latest version For programming Arduino UNO  

Fritzing Latest version For designing circuit diagrams  

Adobe Photoshop Latest version For creating UI elements and visual designs  

 

3.4. Sensor Data Processing 

The sensor data is processed through the following steps: 

• Data Format: The temperature and humidity data from the DHT22 sensor are read as 

raw digital values, which are converted into Celsius (°C) and percentage (%). The pH 

sensor provides an analog voltage output converted into a pH value ranging from 0 to 

14 using a specific calibration equation. 
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• Reading Frequency: The system reads data from the sensors every 2 seconds. This 

frequency ensures that the system captures real-time changes in temperature and pH. 

• ESP8266 Communication Protocol: The ESP8266 module communicates with the 

Arduino UNO over a serial connection and sends data to a server through the MQTT 

protocol for real-time monitoring. The MQTT protocol is chosen because it is lightweight, 

making it ideal for IoT applications that require frequent data transmission. 

3.5. Trial Details 

To evaluate the performance of the system, a trial was conducted with two respondents: 

a farmer and a researcher. The farmer tested the application for its practical utility in daily 

operations, while the researcher focused on the technical accuracy and functionality of the 

system. Both testers were provided with the application and instructed to use it for a period 

of 2 weeks to monitor the water temperature and pH levels in a greenhouse. Trial Criteria: 

• Respondents: 2 (1 farmer, 1 researcher) 

• Criteria: The farmer is experienced in greenhouse management, while the researcher 

has expertise in sensor-based systems and IoT technologies. 

• Test Duration: 2 weeks of real-time testing 

• Evaluation: Respondents scored the application based on usability, accuracy of 

readings, and overall satisfaction using a scale from 1 to 5. 

3.6 Block Diagram and System Design 

The Block Diagram represents the overall architecture of the system, showing how 

different components interact and exchange data. The system consists of three primary 

stages: Input, Processing, and Output (Alda, 2023). Each of these stages corresponds to 

specific hardware and software components that work together to achieve the goal of real-

time water temperature and pH monitoring. 

 

 

 

 

 

 

Figure 1. Block Diagram 

 
• Temperature Sensor: The diagram indicates that there is a sensor dedicated to 

measuring the temperature. Typically, this could be a DHT22 or similar sensor used for 

detecting air temperature or water temperature in the greenhouse. 

• Water pH Sensor: This component measures the pH levels of the water, which is crucial 

for monitoring the conditions of the water in which plants are growing. A typical water 

pH sensor could be an analog sensor that outputs a voltage corresponding to the pH 

level. 

• MCU (Microcontroller Unit): The MCU, most likely an Arduino UNO or similar 

microcontroller, processes the data coming from both the Temperature Sensor and 

Water pH Sensor. The microcontroller takes analog or digital readings from the sensors, 

processes the information (such as converting analog signals to digital values), and 

handles the data communication to the next stage of the system. 

Temperature Sensor 

Water PH Sensor 

MCU UI Android 
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• UI Android:  The Android User Interface represents the mobile application where the 

user (such as a farmer or researcher) can monitor the real-time data coming from the 

sensors.  The app communicates with the microcontroller through a server or directly 

(in the case of Wi-Fi modules like ESP8266), providing a visual representation of the 

temperature and pH levels. 

The system design is based on a modular approach that separates the back-end 

(hardware and server) from the front-end (UI in the Android app). 

• Back-End: Handles sensor data acquisition and storage on the cloud server. Sensors 

are connected to Arduino and send readings to the cloud server via the ESP8266. 

• Front-End (Android App): Displays the data to the user. The app connects to the cloud 

server, retrieves the stored data, and presents it in an easy-to-read format.The interface 

includes real-time graphs and charts to show temperature and pH levels. 

 

 
Figure 2. Application System Design 

 
The flowchart outlines the step-by-step process involved in monitoring environmental 

conditions in a greenhouse, specifically focusing on measuring the water pH level and 

temperature. This process is part of an automated system that ensures accurate and real-

time monitoring, crucial for maintaining optimal conditions for plant growth. 
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Figure 3. Flowchart System 

 
This flowchart illustrates an efficient and systematic approach for real-time water pH 

and temperature monitoring in a greenhouse or similar environment. The initialisation stage 

of this system involves reading measurement data from the water's temperature and pH 

sensors. The reading results are then sent to the MCU (Microcontroller Unit), which consists 

of Arduino UNO and ESP8266. The reading data is then stored in the server database, which 

can be accessed in real-time using an Android mobile phone device. The process ensures 

that accurate data is continuously gathered, processed, and delivered, enabling users to 

maintain optimal conditions for plant health. Following this well-structured flow guarantees 

reliable performance and easy integration into automated environmental control systems. 

3. Results and Discussion  

3.1 User Interface Aquabalance Application 

The Aquabalance program delivers data regarding a greenhouse's water temperature 

and pH levels. Users must register to utilise this application. After registering, users may 

access the dashboard menu by logging in. Within the dashboard menu, users can access the 

menus for plants 1 and 2 and the navigation menu. Figure 4 below illustrates the activity 

diagram of the Aquabalance application. 

 

Start 

Initializati
on 

Water PH 
Sensor Reading 

Temperature 
Sensor Reading 

Data Delivery 

Data Reading 

Finished 
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User Aplication

Registration Verification

Login

Display dashboard menuSelect plant menu 1 & 2

Display dashboard menu

Select navigation menu

Display navigation menu

No

Yes

 
Figure 4. Aquabalance application activity diagram 

 

The user interface is an implementation of an Android application for greenhouse 

monitoring. An effective user interface should facilitate user interaction with the application 

(Prawitha et al., 2022). Furthermore, an appealing design is crucial in developing a user 

interface (A. F. A. Lestari et al., 2022). The aquabalance application comprises multiple menus 

that enable users to oversee the greenhouse environment. These menus include login, 

registration, dashboard, and measurement outcomes. Figure 5 below illustrates the user 

interface of the aquabalance program 
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(a). Login page   (b). Registration 

 
(c). Dashboard      (d). Measure 

Figure 5. Aquabalance Application UI 

 

On the login interface, the user inputs the username and password. Upon entering the 

login and password, validation will occur; if successful, the user will be redirected to the 

dashboard. An error message is displayed upon failure, and a retry is initiated. If the user lacks 

a username and password, they may register by clicking “Register”. Authentication and 

registration are essential prerequisites for utilizing the program. This stage facilitates the 
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recording and identification of new and existing program users (Nur Holis Majid et al., 2023). 

Registration enhances the application's security by requiring users to create a unique 

username and a distinctive password (Marisa Khairina, 2011) (Pondeppa et al., 2024).  

Upon completion of the login process, the application will lead to the dashboard menu. 

The dashboard menu presents essential information required for an application. The 

dashboard menu comprises various components that interconnect with one another (Prasetiya 

& Susilowati, 2016). The aquabalance application dashboard menu comprises many sub-

menu components, including greenhouse environmental data, critical notifications, plant 1 and 

2 buttons, and navigation options. User can get greenhouse environmental data in the Plant 

1 & 2 menu, including water temperature and pH levels. This system can also issue 

notifications if parameters deviate from the optimal plant growth conditions. 

The application measurements were conducted over a 24-hour period, with data sent in real 

time. Measurements were taken every 5 minutes for each of Plans 1 and 2. The average 

temperature and pH in the greenhouse were 26.02 and 6.00, respectively. These water 

temperature and pH values indicate ideal conditions for mustard greens growth. The 

temperature and pH measurement results can be seen in Figure 6 below. 

 

 

Figure 6. Temperature and pH measurements 

 

3.2 Application Testing 

Application testing is conducted to ascertain whether the application operates as 

intended. Multiple participants, comprising researchers and hydroponic farmers, conducted 

the assessment. Testing is conducted to verify that the application functions as planned. 

(Prasetio & Wellem, 2022). The valuer then assigns a score between 1 (very low) and 5 (very 

high).(Saver et al., 2021). Application testing aimed to identify and reduce the possibility of 

failures in the generated software. (Novalia & Voutama, 2022). Testing is conducted using a 

consistent approach, commencing from the registration phase to evaluating each menu on the 

dashboard. Overall, the test findings indicate that applications installed on Android mobile 
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devices function effectively according to the specified scenario within the aquabalance 

program. The assessment test results and outcomes of the aquabalance application test are 

presented in Table 1 and 2 below. 

Table 1. Assessment Test Results 

No Aspect 
Valuer 

I II 

1. Open the app 5 4 

2. Register 4 4 

3. Log in 4 4 

4. Accessing the plant menu 3 4 

5. Access the navigation menu 5 5 

 

Table 2. The Outcomes of The Aquabalance Application 

No 
Function 
Testing 

User 
Actions or 

Inputs 

Expected 
Results 

Results 
Obtained 

Conclusion 
Previous 
Research 

Contribution 

New 
Contribution 

1 
Open the 
app 

Click on 
the app 

The 
application 
opens and 
enters the 
login/register 
menu 

The 
application can 
be opened and 
enter the 
login/register 
menu 

Valid 

Previous 
research on 
mobile app 
usability 
emphasizes 
a seamless 
opening 
process 
(Smith, 
2022). 

The 
application 
opens quickly 
without 
delays, 
enhancing 
user 
experience as 
compared to 
similar apps 
which face 
loading 
issues. 

2 Register 

Click on 
the 
register 
button 

The app 
displays the 
register page 

The app can 
display the 
register page 

Valid 

Register 
functionality 
in mobile 
apps has 
been 
highlighted 
as crucial for 
user 
engagement 
(Johnson, 
2021). 

The register 
page is 
intuitive and 
user-friendly, 
compared to 
older systems 
that often 
confuse users 
during sign-
up. 

3 Log in 
Enter user 
data and 
password 

The app 
displays a 
dashboard 
page 

The app can 
display the 
dashboard 
page 

Valid 

Logging in 
functionality 
is essential 
for data-
driven apps 
(Lee & Kim, 
2023). 

This app 
ensures 
smooth login 
with fast 
verification, 
distinguishing 
it from apps 
that struggle 
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No 
Function 
Testing 

User 
Actions or 

Inputs 

Expected 
Results 

Results 
Obtained 

Conclusion 
Previous 
Research 

Contribution 

New 
Contribution 

with delayed 
login times. 

4 
Accessing 
the plant 
menu 

Click on 
the plant 
1 & 2 
buttons 

The 
application 
displays the 
plant page 
along with the 
results of 
temperature 
and water pH 
measurements 

The app can 
display the 
plant page 
along with the 
results of 
temperature 
and water pH 
measurements 

Valid 

Research on 
agricultural 
apps shows 
the 
importance of 
real-time data 
display for 
user 
decision-
making 
(Martinez, 
2020). 

The app offers 
real-time 
measurement 
results, 
enhancing its 
usability for 
agricultural 
monitoring, 
which 
previous 
studies 
indicated was 
often not 
implemented 
effectively. 

5 

Access 
the 
navigation 
menu 

Click the 
navigation 
button 

The app 
displays a 
navigation 
map page 

The app can 
display 
navigation 
map pages 

Valid 

Navigation 
features in 
apps have 
been linked 
to improving 
user task 
efficiency 
(Thomas, 
2021). 

The 
navigation 
menu in this 
app is 
optimized for 
clarity, 
outpacing 
other apps 
that have 
overly 
complicated 
or sluggish 
map 
functionalities. 

 

Based on testing the aquabalance android application, starting from testing opening the 

application, registration process, login, accessing the main menu, and accessing the 

navigation menu. Overall, the application that has been developed has functioned well at every 

stage. This testing stage is crucial in developing Android applications. The application has 

performed effectively, and no operational faults were noted with the aquabalance application. 

Previous studies have shown that the testing stages are also carried out at the application 

development stage. The research evaluates the content stage and the viability of the user 

interface (D. I. Lestari et al., 2023; Ramadhan et al., 2021; Agung et al., 2022). 

4. Conclusion  

In conclusion, this study demonstrates the successful design and implementation of an 

Android application for monitoring greenhouse environments. Using software and hardware 

components, the application effectively tracks critical parameters, such as temperature and 

pH levels. It offers a practical solution for remote and real-time monitoring, reducing the need 

for manual checks and improving overall greenhouse management efficiency. The system 

aligns with the established scenario, proving reliable and user-friendly. Future research could 

expand the system's capabilities by integrating additional sensors, such as humidity sensors, 
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and incorporating automated control features to optimize the greenhouse environment further. 

These enhancements would contribute to more efficient and sustainable agricultural practices. 
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