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ABSTRACT: This study presents the development and evaluation of the AgriFresh Cloud-based Monitoring System, designed to
address inefficiencies in the current hydroponics system. The current system struggled to maintain stable environmental
parameters, leading to disrupted plant growth and health issues. The current system had difficulty maintaining stable
environmental parameters, such as temperature, humidity, pH levels, and water conductivity. This instability led to disrupted plant
growth, reduced efficiency, and health issues for the plants. Furthermore, the reliance on manual data logging and monitoring led
to delays and human errors, hindering timely decision-making, and the lack of real-time alerts was a critical drawback. To
overcome these challenges, the AgriFresh Cloud-based Monitoring System integrates loT technology for real-time environmental
monitoring, automation, and enhanced sensor capabilities, enabling more accurate control of the hydroponic system (Kang et al.,
2024). The system was evaluated through user feedback and ISO/IEC 21823-4:2022 standards, receiving high marks for perceived
ease of use and functional effectiveness. While slight improvements are needed in areas such as system flexibility and
environmental impact, the findings suggest that AgriFresh provides a reliable, efficient, and user-friendly solution for modern
agricultural management. With continuous refinement, the system holds strong potential for broader implementation and long-
term success in advancing sustainable, technology-driven farming practices.
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I. INTRODUCTION

Greenhouse manufacturing is a rapidly growing sector that involves cultivating plants in enclosed structures made of
transparent materials (Mehdi et al., 2018). Among the innovative approaches to greenhouse cultivation, hydroponics has gained
popularity due to its efficient use of resources and potential for higher yields (Oliveira et al., 2006). However, despite its
advantages, hydroponics presents several operational challenges, particularly in ensuring continuous monitoring and maintenance
to achieve optimal crop growth and productivity.

To address these limitations, the growing integration of Internet of Things (IoT) technology in agriculture has emerged as a
transformative solution (Safarov et al.,2024). The Internet of Things (loT) enables real-time monitoring of environmental
conditions and plant health using interconnected smart sensors, devices, data analytics, and intelligent decision-making systems
(Khalid et al., 2025). These technologies enable automated monitoring and control within greenhouse environments, allowing for
data storage and access through cloud platforms, which in turn enhances decision-making for farmers. Intelligent sensor networks
have proven effective in collecting accurate and timely data on critical parameters such as temperature, humidity, and nutrient
levels (Md Anisur et al., 2024).

At Cebu Technological University's Argao Campus, the AgriFresh hydroponic greenhouse faced persistent challenges in
monitoring nutrient solutions and maintaining ideal air and water temperatures. The existing system relied on manual testing and
data entry, which proved time-consuming and inefficient. In response to these issues, researchers developed a cloud-based loT
monitoring system designed to automate the tracking of water temperature, acidity, and pH levels of the nutrient solution through
sensors connected to a microcontroller and integrated with a web-based platform.

Given the potential benefits of such technologies, this study aimed to develop and evaluate the loT-based hydroponics
monitoring system to address the operational gaps and inefficiencies observed in AgriFresh (Rahimi et al., 2022). Specifically, the
research examined the impact of the system on the effective management of environmental parameters—namely, air
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temperature and humidity, pH regulation, water temperature control, and water conductivity adjustment. The system quality is
assessed based on ISO/IEC 21823-4:2022 standards through expert evaluation by IT professionals.

Il. OBJECTIVES OF THE STUDY

This study aimed to develop an loT-based hydroponics monitoring system to address operational gaps and technological
challenges faced by AgriFresh, a hydroponic greenhouse project. Specifically, the research focused on evaluating the impact of the
existing monitoring setup on the efficiency and effectiveness of managing key environmental variables, including air temperature
and humidity, pH regulation, water temperature control, and water conductivity adjustment to ensure optimal crop productivity.
Additionally, the study investigated recurring issues related to manual monitoring and data reporting, which often hindered
accurate decision-making and timely interventions. To ensure compliance with global standards, the system was evaluated by IT
professionals using the ISO/IEC 21823-4:2022 framework, which highlights the quality attributes of loT systems. Lastly, the
research assessed user perceptions regarding the system's overall usability, specifically examining perceived ease of use and
perceived usefulness to determine its practical viability in real-world agricultural applications.

Il. MATERIALS AND METHODS

The study employed the Rapid Application Development (RAD) model to guide the integration and evaluation of the AgriFresh loT-
based hydroponics monitoring system. A descriptive survey design was utilized to assess the system's software quality, perceived
ease of use, and overall usefulness. A purposive sampling technique was applied to select 42 respondents, comprising agriculture
students, instructors, and IT professionals with relevant expertise. The data gathered through this method offered meaningful
insights into user perceptions and the effectiveness of the survey instruments used in the evaluation process.

Table 1. Rapid Application Development Model

Respondents n Percentage
Agriculture Student 25 59.52%
Agriculture Instructors 5 11.90%
AgriFresh Community 5 11.90%

IT experts 7 16.67%
Total 42 99.99

A. Rapid Application Development Model
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Figure 1. Rapid Application Model

The concept map follows the Rapid Application Development (RAD) model, starting with Frame 1, which focuses on
requirement elicitation—identifying stakeholder needs and core system functionalities such as real-time sensor reading, data
logging, SMS alerts, and analytics. Frame 2 breaks the system into modules, beginning with hardware reading and display (Stage
1), progressing through data logging (Stage 2), analytics (Stage 3), SMS notifications (Stage 4), and sensor management (Stage 5).
Each stage involves iterative testing, debugging, and integration of sensor data using Arduino and web interfaces.
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Finally, Frame 3 consolidates all modules in the transmission phase, where integration, testing, and deployment complete the
system development. This structured flow ensures modular, fast-paced, and feedback-driven progress in building the AgriFresh
loT monitoring system.

B. Treatment of Data

The procedural flow of this study began with an initial assessment of the existing hydroponics monitoring system at Cebu
Technological University's Argao Campus.

It includes evaluating critical parameters such as water temperature, air temperature and humidity, water conductivity, pH
level, and acidity. The researchers identified key issues and inefficiencies associated with the current manual monitoring process,
which became the basis for developing an improved system. The data collection phase involved distributing structured
questionnaires to purposively selected respondents, including agricultural students, faculty members, and IT experts. The
gathered data were systematically analyzed and interpreted in alignment with the study's objectives, leading to valuable insights
for system enhancement.

The study was conducted within the university's hydroponic greenhouse facilities on the Argao Campus, where students
enrolled in the Bachelor of Science in Agriculture program actively engage in hands-on farming practices. The campus provided a
suitable research environment supported by both modern infrastructure and technical expertise. Building on the identified gaps,
the researchers designed and implemented an loT-based monitoring system tailored to AgriFresh's specific needs. The results of
this research offer promising implications for advancing hydroponic agriculture by introducing a more efficient, sustainable, and
technologically driven farming approach.

C. Model Perspective of the Hardware System
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lll. RESULTS AND DISCUSSION

The system was evaluated using a Likert-scale questionnaire adapted from standardized usability surveys to measure users'
perceptions of ease of use, usefulness, flexibility, and environmental impact. In parallel, IT professionals assessed the system based
on ISO/IEC 21823-4:2022 standards to determine its compliance with essential loT system quality attributes, including
interoperability, scalability, and modularity. To evaluate the effectiveness of the existing hydroponics monitoring setup, key
environmental factors—such as humidity, air and water temperature, pH levels, and electrical conductivity—were closely
monitored. The collected data revealed persistent challenges in maintaining optimal environmental conditions, which adversely
affected plant growth and overall system performance. Frequent fluctuations in these parameters resulted in efficiency losses,
increased manual intervention, and recurring plant health issues, underscoring the need for a more reliable and automated
monitoring system.

Table 2. Key Monitoring Issues in the Current Hydroponic System

Monitoring Aspect Issues Identified Impact Frequency/Observation
Temperature & Fluctuations in air/water Inconsistent plant growth, Often to Always
Humidity temperature and humidity reduced efficiency, and health issues | Observed
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pH Level Regulation Unstable pH levels, manual Disrupted nutrient uptake, poor Always Observed
adjustments required root development, and plant stress
Water Conductivity Irregular nutrient Nutrient imbalance, growth issues, Often to Always
concentration and yield reduction Observed
Manual Monitoring Manual data logging, no Increased human error, time- Most Frequently
Process alarms, delayed responses consuming, and slow decision- | Reported Problem
making
System Limitations Inadequate Sensors, Inaccurate/incomplete data, Frequently Reported
transmission failures, and no | unreliable performance tracking (Top Issues)
automated database

The evaluation of the AgriFresh hydroponics monitoring system revealed significant limitations in both technical performance
and operational efficiency. Key environmental factors—such as temperature, humidity, pH level, and water conductivity—were
inconsistently regulated, leading to frequent plant health issues, efficiency losses, and increased manual intervention. Users and
IT professionals assessed the system using standardized surveys and ISO/IEC 21823-4:2022 guidelines, identifying issues with
usability, limited flexibility, and a lack of essential 10T quality attributes, such as scalability and interoperability.

The data highlighted that unstable air and water temperatures, improper pH regulation, and fluctuating nutrient concentrations
had a severe impact on plant growth and system reliability. Manual monitoring further compounded these issues, with the top
problems being time-consuming processes, lack of real-time alerts, and error-prone data handling. These findings underscore the
need for automation, accurate sensor-based monitoring, and a real-time alert system to enhance environmental control, optimize
productivity, and improve decision-making in hydroponics setups.

Table 3. Evaluation of AgriFresh Cloud-Based Monitoring System

Dimension Indicators (Highlights) Weighted Overall Rating
Mean Range

Ease of Use Easy to learn, skill development, system interaction 3.57-3.71 Very Easy to Use
clarity

Usefulness Productivity improvement, user capability, 3.57-4.00 Very Helpful /
environmental benefit, and monitoring support Beneficial

Functionality & Delivers features and performs consistently 3.14 Very

Reliability Functional/Dependable

Usability User-friendly, intuitive operation 3.57 Very Easy to Use

Efficiency Responsive system, optimized performance 3.71 Very Efficient

Maintainability Easy to wupdate and adapt for long-term 3.64 Very Repairable
sustainability

Portability Transferable across different platforms with 3.39 Very Portable
minimal adjustments

The evaluation of the AgriFresh Cloud-based Monitoring System shows intense user satisfaction in terms of ease of use (3.66),
usefulness (3.85), and software quality. Users found the system easy to learn, operate, and master while also recognizing its
benefits in monitoring, productivity, and user capability. Although environmental impact and certain software aspects, such as
functionality (3.14) and portability (3.39), received slightly lower scores, overall feedback remains highly positive. The system is
user-friendly, efficient, and practical, making it a valuable tool for agricultural monitoring and management.

IV. CONCLUSIONS

This study successfully developed and evaluated an loT-based hydroponics monitoring system for AgriFresh aimed at
addressing critical gaps in environmental control, data reporting, and system usability. The integration of sensors and cloud
connectivity has significantly reduced manual monitoring time and improved the consistency of key parameters, including air and
water temperature, humidity, pH levels, and electrical conductivity. These improvements led to more stable growing conditions,
enhanced plant health, and increased operational efficiency.
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The system was positively evaluated by users through a Likert-scale usability survey, indicating high levels of perceived ease of
use, usefulness, flexibility, and environmental impact. Furthermore, IT professionals assessed the system's architecture by ISO/IEC
21823-4:2022 standards, confirming its compliance with essential loT quality attributes. Overall, the results demonstrate that the
developed system not only meets its intended objectives but also offers a scalable and sustainable solution for modern hydroponic
farming, paving the way for more innovative, data-driven agricultural practices.
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