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Abstract 
 

Inland fisheries provide food and livelihood to 1.9 million Filipinos, contributing 51.8% of national fisheries 
production. This sector has positioned the Philippines as the sixth - largest aquaculture producer globally. 
However, recurring fish kills in Phil ippine lakes during 2023 - 2024 have highlighted critical water quality 
management challenges. This study enhances the sustainability of inland fisheries by developing a real - time 
water quality monitoring system with IoT technology that sends data to the bac kend for data analytics 
integration. The system achieved comparable accuracy to commercial multiparameter devices.  A 
developmental research design was employed to develop a system that could be used in effective water quality 
monitoring. A quantitative research method was used in data collection. The system monitors the water quality 
parameters such as pH, dissolved ox ygen, and temperature. Machine learning models were developed for 
predictive analytics to forecast water quality trends. Prescriptive analyti cs have been added to recommend 
actions when the water quality status is not normal. Water samples from different lakes were used in testing 
the system and ISO/IEC standards were used during the evaluation. The system achieved 99.39% accuracy for 
temperatu re, 94.97% for pH, and 80.67% for dissolved oxygen measurements.  
 

Keywords: IoT- based water quality monitoring; predictive analytics; inland fisheries sustainability; machine 
learning models; Philippine aquaculture  
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INTRODUCTION 

 
Inland fisheries in the Philippines encompass 
fish extraction from lakes, ponds, rivers, and 
reservoirs (FAO, 202 5). The Bureau of Fisheries 
and Aquatic Resources (BFAR) is the 
government agency responsible for the 
development, improvement, management, and 
conservation of fisheries and aquatic resources 
in the Philippines, operating under the 
Department of Agriculture (D A). 
 
In the Philippines, inland fisheries are crucial in 
providing food and livelihoods to millions of 
people. According to the Fisheries Situation 
Report by the Philippine Statistics Authority 
(PSA) from January to March 2025, aquaculture 
production was record ed at 573.28 thousand 
metric tons, a 4.9% increase from the same 
period in 2024. The aquaculture subsector, 
which includes inland fisheries, accounted for 

the largest share of 57.0% of the total fisheries 
production during the quarter (Fisheries 
Situation Report, January to March 2025, 2025). 
The Philippines was also ranked sixth among 
aquaculture - producing nations worldwide 
(Wee, 2019).  
 
However, multiple fish kill incidents between 
2023- 2024 have highlighted critical water 
quality challenges. Recent fish kill incidents 
across Cavite (November 2023), Taal Lake (July 
2023), Lake Sebu (January 2023), and CamSur 
Lake (November 2023) were unif ormly 
attributed to dissolved oxygen depletion, 
demonstrating the urgent need for real - time 
monitoring systems (Montemayor, 2023; Mallari 
Jr., 2023; Calipay, 2023; Rebollido, 2023).  
 
The integration of data analytics in real - time 
water quality monitoring has the potential to 
provide a more efficient and proactive approach 
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to managing inland fisheries. This could be 
achieved by real - time data collection and 
analysis through an Internet of Things (IoT) 
technology that could collect data and send it to 
the backend system where data analysis would 
be performed to understand bet ter the data that 
have been collected and this could support 
data - driven decision - making. Integrating data -
driven solutions could help promote the 
sustainability of inland fisheries and maintain 
the health of the aquatic ecosystem. This study 
hypothesizes that an IoT - based real - time 
monitoring system integrated with predictive 
analytics will achieve accuracy comparable to 
commercial devices (>90%) while providing 
proactive alerts absent in current monitoring 
practices.  
 
This research develops and validates an IoT -
based system, together with data analytics, to 
enhance the water quality monitoring system of 
inland fisheries in the Philippines. This would 
also provide an overview of the current state of 
the water quality mon itoring in the Philippines 
and identify how this could be improved to make 
it more data - driven and eventually promote the 
sustainability of inland fisheries.  Specifically, 
this study aims to:  
 
1. Design and develop a real - time IoT - based 

water quality monitoring system . 
 

2. Integrate predictive analytics for forecasting 
water quality parameters . 
 

3. Validate system accuracy against 
commercial multiparameter devices . 
 

4. Evaluate system usability using ISO/IEC 
25010 standards . 

 
Conceptual Framework. The study utilized  the 
input- process - output (IPO) to describe the 
activities in product development. The input 
consists of the hardware components that 
would be used for the prototype. The process 
includes several activities that were conducted 
to develop the system, while the output of the 
research consists of different systems that 
make - up the whole product. The feedback is for 

recommendations or suggestions, which came 
from the evaluation results, to improve the 
system. Figure 1 bel ow shows the IPO model.  

 

 
 
Figure 1  
The Input - Process - Output model of the conceptual 
framework  

 
LITERATURE REVIEW 
 

This section synthesizes relevant literature on 
water quality monitoring systems and data 
analytics applications in aquaculture. A need for 
a real - time water quality monitoring system 
with data analytics integration has been 
identified to improve the effic iency and 
sustainability of fishery waters used in the 
aquaculture industry. Previous studies by 
Abdallah et al. (2023) have identified the need 
for real - time monitoring systems with 
integrated analytics.  
 
Challenges in aquaculture sector. The 
aquaculture sector in the Philippines 
encounters numerous challenges. These 
obstacles encompass pests and diseases, 
deterioration of water quality, harmful algal 
blooms (HABs), and insufficient capital and 
government assistance (Tahiluddin & Terzi, 
2021). Mendoza et al. (2022) conducted research 
about the drivers behind the decline in fish 
catch in Laguna Lake. This includes the increase 
of invasive species such as clown featherback 
and catfishes, the loss of fish habitat that’s 
caused by the decline of  aquatic plants and high 
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levels of chlorine, increased water turbidity, 
pollution, and fish kills. These challenges 
caused massive fish kills and gave rise to the 
need for a water quality monitoring system that 
could be used to determine the water quality in 
fishery waters.  

 
Development of real-time water quality 

monitoring systems. Table 1 presents a 
comparative analysis of real - time water quality 
monitoring systems, highlighting their 
parameters, accuracy, and limitations. 
Bokingkito and Llantos (2017) designed a 
mobile - based system that focused on 
monitoring water temperature, a ke y factor 
influencing dissolved oxygen levels. Their low -
cost solution provided aquaculture farmers 
with accurate, real - time data to maintain 
optimal conditions and prevent fish distress. 
However, t he limitation of monitoring 
temperature alone was evident, as dissolved 
oxygen depletion continued to cause fish kills. 
To address broader needs, Demetillo et al. 
(2019) developed a wireless sensor network 
(WSN) capable of monitoring dissolved oxygen, 
pH, and temperature across large coverage 
areas. Their system stored real - time data and 
sent SMS alerts to managers and authorities, 
ensuring timely interventions at reduced costs.  
 
Table 1 
Comparison and analysis of literatures related to 
development of real - time water quality monitoring 
systems  

 
 
Harun et al. (2017) further advanced monitoring 
by integrating automation into fishpond 
operations. Using Arduino, their system 
measured temperature, pH, and dissolved 
oxygen while controlling aeration and water 
supply pumps. This reduced reliance on manua l 
labor, lowered operational expenses, and 

improved efficiency. Collectively, the studies in 
Table 1 emphasize that while single - parameter 
systems provide valuable insights, multi -
parameter monitoring systems that integrate 
affordability, automation, and c ommunication 
technologies are more effective in sustaining 
water quality and supporting aquaculture 
productivity.   
 
Using IoT technology in monitoring. Table 2 
provides a comparative analysis of IoT - based 
water quality monitoring systems, showcasing 
their features, parameters, and limitations. 
Chen et al. (2022) developed an IoT system for 
fish farms that measured pH, dissolved oxygen 
(DO), water level, a nd temperature, with 
advantages such as low power consumption, 
multitasking, and improved processing time. 
Their design included a robotic arm for sensor 
cleaning, ensuring accuracy. Abdallah et al. 
(2023) created a real - time IoT system for fish 
farming that monitored pH, DO, total dissolved 
solids (TDS), and temperature, outperforming 
commercial devices in accuracy, though limited 
by inaccessible power sources. Pasika and 
Gandla (2020) applied IoT for drinking water 
moni toring, measuring pH, turbidity, water level, 
temperature, and humidity, with data 
transmitted to the cloud via ThingSpeak. Kasu et 
al. (2023) focused on aquaculture health, using 
sensors for turbidity, soil moisture, and gas 
levels.  
 
Table 2  
Comparison and analysis of literatures related to IoT 
technology  

 
 
Despite these advances, challenges remain in 
proactive monitoring, as sudden water quality 
changes often lack defined corrective actions. 
Sekhwela et al. (2021) addressed this gap with a 
portable IoT system connected to smartphones, 
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measuring pH, nitrate, turbidity, and water level, 
and offering notification features.  
 
Beyond IoT, predictive analytics has emerged as 
a complementary solution to enhance water 
quality monitoring. Veerendra et al. (2023) 
combined remote sensing, GIS, and machine 
learning tools (MLT) to forecast surface water 
quality, aiming for better resour ce 
management. Rahu et al. (2024) integrated IoT 
and machine learning for agricultural irrigation, 
using regression models to predict water 
quality and comparing canal suitability for 
farming and fishing. Ghosh et al. (2023) applied 
machine learning models , particularly random 
forest, to distinguish drinkable from non -
drinkable water based on parameters like pH, 
DO, BOD, and RDS. Bokonda et al. (2020) 
reviewed 30 studies, highlighting random forest 
and decision tree methods as widely used for 
predictive ana lysis. Sghir et al. (2022) extended 
predictive analytics to education, emphasizing 
the importance of selecting optimal tools and 
methods for forecasting outcomes. Shmueli and 
Koppius (2010) outlined six roles of predictive 
analytics in information systems research, 
including theory generation and model 
improvement, stressing the predictive power of 
empirical models. Maramba and Smuts (2024) 
reviewed predictive analytics in healthcare, 
noting its underutilization during the COVID - 19 
pandemic despite its pote ntial to strengthen 
strategies.  
 
Collectively, these studies demonstrate that IoT 
systems provide real - time, multi - parameter 
monitoring capabilities, while predictive 
analytics enhances proactive management by 
forecasting water quality trends. Chen et al. 
(2022), Abdallah et al. (2023), a nd Kasu et al. 
(2023) highlight IoT’s role in aquaculture, while 
Pasika and Gandla (2020) and Sekhwela et al. 
(2021) extend applications to drinking water and 
reservoirs. Meanwhile, Veerendra et al. (2023), 
Rahu et al. (2024), and Ghosh et al. (2023) show 
how machine learning models can predict water 
quality outcomes, reducing risks of sudden 
degradation. Reviews by Bokonda et al. (2020), 
Sghir et al. (2022), Shmueli and Koppius (2010), 
and Maramba and Smuts (2024) emphasize the 

broader applicability of predictive analytics 
across sectors, from education to healthcare. 
Together, IoT and predictive analytics form a 
powerful synergy: IoT provides continuous data 
streams, while predictive models transform 
these into actionable insigh ts, ensuring 
sustainable wat er resource management and 
improved aquaculture productivity.   
 
Applications of predictive analytics. Veerendra 
et al. (2023) combined remote sensing, GIS, and 
machine learning tools to forecast surface 
water quality, aiming for effective resource 
management. Rahu et al. (2024) integrated IoT 
and machine learning into a framework with 
modules for sensing, coordination, data 
processing, and decision - making, using 
regression models to predict water quality and 
comparing canal suitability for irrigation and 
fishing. Ghosh et al. (2023) emphasized 
environmental and health protection by 
applying machine learning  models, particularly 
random forest, to distinguish drinkable from 
non- drinkable water based on parameters such 
as pH, DO, BOD, and RDS. Bokonda et al. (2020) 
provided a broad review of 30 studies, 
identifying random forest and decision tree 
methods as the  most widely used for predictive 
analysis. These works collectively highlight the 
growing role of predictive analytics in water 
resource management, offering proactive 
solutions to sudden changes in water quality.  

 
Beyond water management, predictive analytics 
has been applied across multiple sectors. Sghir 
et al. (2022) explored predictive learning 
analytics in education, showing how machine 
learning and deep learning models can forecast 
academic outcomes and support  student 
learning. Shmueli and Koppius (2010) 
emphasized predictive analytics in information 
systems research, outlining six roles such as 
theory generation, model improvement, and 
evaluating real - world predictability, concluding 
that empirical models pro vide the highest 
predictive power. Maramba and Smuts (2024) 
assessed predictive analytics in healthcare, 
noting its underutilization during the COVID - 19 
pandemic despite its potential to strengthen 
strategies against crises. Together, these 
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studies demonstrate that predictive analytics, 
whether applied to water quality, education, 
information systems, or healthcare, provides 
valuable foresight and decision - making 
support. Its integration with IoT and machine 
learning enhances accuracy and 
res ponsiveness, making it a vital tool for 
sustainable resource management and broader 
societal applications.  
 
Studies on prescriptive analytics. Frazzetto  et 
al. (2019) published a paper on prescriptive 
analytics, emphasizing that predictive analytics 
is a crucial emerging technology for business 
analysts. The paper highlights how prescriptive 
analytics supports decision - making and 
bridges the gap between d ata and decisions.  
 

A study was conducted on the strategies and 
techniques of prescriptive analytics by 
Lepenioti et al. (2019). The paper delved into the 
life cycle and the current research obstacles in 
the realm of prescriptive analytics. It also 
suggested that applications  for prescriptive 
analytics are typically developed in a makeshift 
manner with limited adaptability for modern 
enterprises. Moreover, the lack of seamless 
integration between predictive analytics and 
prescriptive analytics hampers the 
maximization of big d ata's full potential.  
 
A study on the various uses of prescriptive 
analytics was carried out by Poornima and 
Pushpalatha (2020). According to the 
researchers, prescriptive analytics helps users 
find the best solution to a problem and select 
the optimal decision from among differ ent 
options. Prescriptive analytics can be utilized in 
a range of fields, including data delivery in 
streaming networks, research and 
development, health analysis, electrical power 
grids, clinical research, information integration, 
sales challenges, busine ss processes, 
knowledge repositories, synthetic data, SCADA 
systems, and additive manufacturing.  
 
Using ISO/IEC Standards. To test the system, 
certain standards must be considered. Some of 
these standards include ISO/IEC 25010 and ISO 
5725- 4:2020. Estdale and Georgiadou (2018) 

presented a paper at the European Conference 
on Software Process Improvement on how to 
use ISO/IEC 25010, which provides leading 
models for assessing software products. The 
paper examines the scope and interpretation of 
the standard and identifies other si gnificant 
aspects of product quality requirements and 
software evaluation.  
  
Another study has been published about the 
implementation of an evaluation scheme using 
the ISO/IEC 25010 quality model standard. The 
research indicates that there were challenges 
related to evaluating the quality and 
effectiveness of software products. Th e 
proposed solution is to utilize the standard in 
the assessment of the products (Trichkova -
Kashamova, 2021).  
 
Fridman (2011) discussed the methodology of 
ensuring measurement accuracy using ISO 
5725 standards. Deldossi and Zappa (2008) 
evaluated measurement uncertainties in ISO 
5725 and GUM from a statistical perspective. 
While existing studies demonstrate various  
approaches to water quality monitoring, none 
have integrated real - time IoT monitoring with 
predictive analytics specifically for Philippine 
inland fisheries. This research addresses this 
gap by developing a comprehensive system 
validated against commercia l standards.  
 
METHODS 

 
This study employed a developmental research 
design (Richey & Klein, 2007). The engineering 
design process was applied to ensure 
systematic development. This study applied the 
engineering design process in the development 
of a water quality monitoring system with the 
integration of data analytics. This process 
ensures that the solution is efficie nt, effective, 
and meets the requirements to solve the 
defined problems.  
 
The proponents used the engineering design 
process as their system development method 
for their design. Problem identification and 
definition. In this step, the problem of 
inadequate water quality monitoring in inland 
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fisheries was identified and defined, 
considering the existing methods and 
limitations. The goal of this step was to identify 
the specific requirements for the water quality 
monitoring system. Requirements gathering 
and analysis. This involved collecting d ata and 
information from stakeholders, including fish 
farmers and government agencies, to 
understand the needs and requirements for the 
water quality monitoring system. This 
information was analyzed to determine the key 
features and functions that need to be included 
in the system. Concept development and 
prototyping. This step involved developing the 
concept for the water quality monitoring 
system, considering the requirements gathered 
in the previous step. A preliminary prototype 
was created to help valid ate the concept and 
ensure that it meets the requirements. System 
design. In this step, the details of the water 
quality monitoring system were designed, 
including hardware, software, and network 
components.  
 

 
FIGURE 2  
Engineering Design Process  

 
The design considered the features and 
functions identified in the previous steps, as 
well as the available resources. Implementation 
and testing. This included the development and 
deployment of the water quality monitoring 
system, including the mobile application. 
Testing would be conducted to ensure that the 
system meets the requirements and performs 
as expected. Refinement and improvement. 
Based on the results of testing, the system was 
refined and improved to enhance its 

performance and user experience.  This also 
included the changes to the hardware, software, 
analysis, or overall design of the system. 
Deployment and maintenance.  
 
Finally, the water quality monitoring system 
was deployed and maintained to ensure that it 
continues to operate effectively and provide 
accurate water quality data for the inland 
fisheries. This consisted of regular updates and 
maintenance to the system, a s well as user 
training and support.  
 
Sampling Sites. To test the prototype, water 
samples were collected from different water 
sources such as Manila Bay, Taal Lake, and 
Laguna de Bay. A testing was also done 
together with BFAR, IT experts, and fish 
farmers, for the prototype to be tested by 
experts. A reques t was sent to BFAR to conduct 
water quality testing. An appointment was set 
to go to Manila Bay, around Navotas and Cavite 
areas, to collect water samples.  
 
Data Gathering. To proceed with the 
development, the quantitative data collection 
method was used by collecting data from 
secondary data analysis, interviews, 
experiments, and observations. Gathering the 
information took several steps to ensure the 
success of the study.  
 

First, the r elated literature and studies were 
looked up to determine what and why there is a 
need to develop a real - time water quality 
monitoring system. News articles were also 
gathered to see the main problems that the 
aquaculture industry in the Philippines was 
facing. These literature and studies were 
reviewed to see which would be significant for 
the research that was being performed.  
 
An interview was conducted to determine what 
were the main physical water quality 
parameters that BFAR was using in determining 
the water quality in inland fisheries. The data 
coming from BFAR was used to decide which 
water quality parameters would be used  in 
developing the system. It was concluded that 
the parameters pH level, dissolved oxygen, and 
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temperature would be used as the main 
parameters that would be measured by the 
system.  
 
Historical water quality data (2018 - 2023) were 
obtained from BFAR Region IV - A through the 
electronic Freedom of Information (e - FoI) 
portal, comprising monthly measurements of 
pH, DO, and temperature from Taal Lake. Water 
samples were collected from the thr ee 
sampling sites at 0.5m depth using sterile 
containers. Power analysis for paired t - tests 
were conducted to determine the minimum 
sample size using SPSS v.26 with α=0.05, power 
of 0.80, and effect size of 0.8. The analysis 
showed that 15 paired samples w ere needed to 
have enough power to detect an effect. To 
accommodate comparisons in all three 
sampling sites, an increased sample size of 30 
(10 per site) was utilized.  
 
This study was approved by the Bureau of 
Fisheries and Aquatic Resources (BFAR) and 
the testing was done together with BFAR 
officials. The Graduate School Research Ethics 
Committee (GSREC) of the Polytechnic 
University of the Philippines has also approved 
the ethics application form of this research.  
 
When the development of the system started, a 
series of tests were done to see if the 
functionalities meet the requirements of the 
system. The agile methodology was used during 
the development to divide the project into 
smaller phases so that changes could easily be 
adapted. After co mpleting the system 
development, more testing and experiments 
were carried out together with prospective 
users and experts in the field. This helped in 
checking the usability of the system and seeing 
whether it achieved the obje ctive set in the 
research.  
 
Functional Block Diagram. To come up with a 
feasible and working machine a block diagram 
was designed to show a high - level overview of 
how the components were connected. The 
prototype design as shown in Figure 3 includes 
the main hardware components that make up 
the system, such as  microcontroller, power 

supply, and sensors. The power supply and buck 
converter were responsible for providing the 
correct voltage to the components in the circuit.  

 

 
Figure 3  
Functional Block Diagram of Utilizing Data - Driven 
Approaches for Water Quality Monitoring in Inland 
Fisheries  

 
The sensors are sending the collected data to 
the microcontroller (ESP32). The data can be 
viewed on the prototype through the LCD 
screen. Wi - Fi is necessary to enable IoT 
integration in the system and provide internet 
connectivity. The data gathered by th e sensors 
would pass through the network and send them 
to the server that was hosted in the cloud. 
Firebase was used to host the applications, 
manage the database, and set up the 
authentication of the system. The web 
application is accessible by the admin or anyone 
who has the right privileges, while the mobile 
application is accessible by the users.  
 
Software Application. The Internet of Things 
(IoT) technology and the ISO standard ISO/IEC 
DIS 30141 were used to develop a prototype that 
could monitor the water quality in real - time 
and, at the same time send the collected data to 
a backend system for monitoring, logging, and  
analysis.  

 
Figure 4 shows the basic design draft of the 
user interface for the web application and 
mobile application. It displays the latest data for 
the pH, dissolved oxygen, and temperature. It 
shows the status of either Normal (green) or 
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Warning (Red). The prescriptive analytics part 
shows the recommended actions to take. 
There’s also logging available for the data 
collected every 30 minutes. Below is a line 
graph for the logs of the water parameters.  
 
A web application and a mobile application were 
developed to show the real - time data coming 
from the prototype. The IoT technology helped in 
sending the real - time data to the backend 
system. The web app is accessible using the 
URL https://aquaphil - insights .web.app/. The 
login page looks like the one shown in Figure 4. 
The admin and users have different credentials 
that could be used to log on to the application. 
The mobile app can be accessed by first 
downloading the Android package and installing 
it on any  Android device.  
 

 
Figure 4  
Login page of the application  

 
Figure 5 shows the main dashboard of the real -
time water quality monitoring system. It shows 
the date and time when the monitoring is 
happening. The real - time data of the physical 
water quality parameters such as pH, dissolved 
oxygen, and temperature, are also available on 
the page. The values being displayed on the LCD 
screen will also be displayed on the app.  
 

 
Figure 5  
Main dashboard of the real - time water quality monitoring 
system  

 

 
Figure 6  
Main dashboard on the mobile application  

 
Figure 6 shows the Aquaphil app installed on an 
Android mobile phone and the main dashboard 
once it’s accessed. It presents the latest data of 
the real - time data being collected from the 
prototype. The values shown are similar to the 
ones available on the prototype and the web 
app. 
 
Hardware Components. There were three main 
sensors used in the prototype: an analog pH 
sensor, an analog dissolved oxygen sensor, and 
a temperature sensor. The ESP32 Wi - Fi IoT 
development board was the microcontroller 
used in order to configure the functionality of 
the prototy pe. The ISO/IEC/IEEE 8802 - 11:2022 
standard was used for the wireless 
communication of the system.  

 

 
Figure 7  
Functional buttons of the prototype  
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There were buttons on the right side of the 
prototype as shown in Figure 7. The power 
button is used to turn on or off the prototype. 
The blue button was used as a calibrator when 
the user needed to calibrate the sensors. While 
the red button was used as a  selector, based on 
what’s displayed on the LCD screen.  
 
Figure 8 shows the image of the actual 
prototype. The main components consist of a 
microcontroller, meter kits, sensors measuring 
the temperature, pH level, and dissolved 
oxygen, the LCD that displays the measured 
data, a light indicator to show the status  of the 
parameters, and a power supply.  
 

 
FIGURE 8  
The water quality monitoring prototype  

 

Machine Functionality. To have a better 
overview of the circuit design, refer to the 
schematic diagram in Figure 9. This was 
designed to show how the main components 
were connected. The ISO/IEC 30141:2018 
standard was used for the IoT reference 
architecture of the system.  
 
Figure 9 is the schematic diagram of the water 
quality monitoring device. This was designed 
using the open - source software KiCad which is 
a tool used for designing and creating printed 
circuit boards.  
 
The ESP32 microcontroller has pins that are 
connected to almost all the other components 
in the circuit. This was used mainly for the IoT 
functionality because it’s integrated with Wi - Fi 

and Bluetooth. At the top of the diagram, there’s 
a power supply and a buck converter. The power 
supply comes from an electric socket, and the 
buck converter was used to convert the voltage 
to match what’s needed by the device and its 
components. The power  source supplies a 220V 
voltage, while the operating voltage of the 
components in the circuit ranges between 2.2V 
and 3.6V.  
 

 
FIGURE 9  
Schematic Diagram of the Water Quality Monitoring Device  

 
The sensors or probes were some of the main 
components of the device. They were used for 
data gathering of water quality parameters 
such as temperature, pH, and dissolved oxygen. 
This data goes through the ESP32 
microcontroller that would do the initial 
processing of data that would then be sent to 
the cloud. The microcontroller was used for 
customizing the program that was used for this 
device to set and control its functionalities.  
 
Reference Device. During the testing with BFAR, 
they demonstrated how they use the YSI ProDSS  
multi - parameter water quality meter. It 
measures several water quality parameters, it 
is portable and rechargeable, and the probe is 
long enough to go a few meters deep in the 
fishery water source. The only downside of this 
device is that it does not have  a software 
counterpart where the users can see real - time 
water quality monitoring. However, since it is a 
commercial product and measures multiple 
water quality parameters, it was ideal to test 
different parameters that could affect the water 
quality chan ges.  
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RESULTS 

 
System Evaluation. Table 3 presents the 
evaluation scores from BFAR officials, IT 
experts, and fish farmers (n=34).  Mean scores 
ranged from 4.82 to 5.00 (SD = 0.06), with no 
significant differences between evaluator 
groups (F(2,31) = 0.822, p > 0.05).  

 
Functional sustainability focuses on whether 
the system provides the necessary 
functionalities described in the system, 
produces accurate results, and effectively 
supports users in monitoring the water quality 
and performing data analysis. The functionalit y 
shows the overall features that both the system 
and prototype can do as described during the 
demonstration of how it works and based on 
how it was designed. It acquired an average 
score of 4.97. The evaluators think that the 
system could do its functions  as expected. 
Performance efficiency received a score of 5.0 
and it’s about whether the prototype operates 
efficiently under various environmental 
conditions or not, and if it responds well to real -
time monitoring. It’s about making sure that the 
system st ill works even though there are 
external factors that could affect the 
performance of the system. It also includes the 
performance of the applications when being 
used during the water quality monitoring.  
 
Compatibility measures if the system can 
operate efficiently alongside other software and 
hardware components and if it integrates well 
with other systems used in water quality 
monitoring and data analytics.  
 
This quality received a score of 4.94. In this 
research, several features were added that 
range from the hardware prototype, IoT, sensor 
calibration, microcontroller configuration, web 
and mobile applications, and data analytics 
used for forecasting and re commendations of 
actions. This ensures that the hardware, 
software, and analytics are well - connected and 
compatible with each other to perform their 
intended usage.  
 
 

Table 3  
Average rating of the system quality characteristics  
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Usability is about how easy it is to recognize, 
learn, and use the system. It’s also about the 
user interface/user experience when using the 
applications. This quality characteristic 
acquired a score of 5.00. The prototype 
operations manual and the applica tion user’s 
manual were both provided. Proper training 
would be needed to operate the prototype to 
ensure that it would be used correctly. Proper 
calibration is needed for the sensors to work 
properly, especially when they haven’t been 
used for a long peri od. Based on the feedback 
from the users, the application is easy to 
navigate and understand how it’s used.  
 
Reliability shows if the system can tolerate 
faults and recover from crashes or disruptions 
effectively and if the hardware is robust and 
reliable in continuous operation. This garnered 
a score of 4.97. The circuit in the prototype was 
attached properly to  the enclosure to make sure 
that it didn’t move around during transport, and 
it stayed intact even after shaking it. The 
applications are hosted in the cloud so there’s 
no physical server needed to manage them. The 
cloud platform is also easily accessible via the 
Internet so it’s easy to troubleshoot and make 
changes on the applications.  
 
Security shows if the system could protect data 
confidentiality, integrity, and authenticity and if 
it could ensure accountability of user actions. 
This characteristic got a score of 4.82. All the 
data gathered were saved in the database that’s 
also hosted in Firebase. Only the researcher 
has developer access to the cloud and access 
to the platform is protected with multi - factor 
authentication. The data of the people who 
evaluated the system were also kept and were 
not shared anywhere online for data privac y. 
 
Maintainability refers to the system’s 
modularity and ease of modifying, diagnosing, 
testing, and reusing components. It could also 
be easily repaired and upgraded. This got a 
score of 4.97. For this characteristic, the 
components used in the prototype are  easily 
available from electronics shops. The 
calibration of the sensors ensures that they 
produce accurate results during monitoring. 

The sensors can also be kept when not in use to 
prevent anything from damaging them. It’s also 
easy to troubleshoot the a pplication because it’s 
accessible online if there’s an internet 
connection. IoT is a crucial part of the system 
because the calibration and sending of data 
collected to the backend relies on it.  
 
Portability tackles how easily the system could 
be adapted to different environments, installed, 
and replaced by other software and hardware 
used in water quality monitoring and data 
analytics. This characteristic got an average 
score of 4.85. During the t esting with BFAR, they 
suggested making the prototype more portable 
so that it’s easy to bring it on - site during field 
testing. They also advised making the prototype 
water - resistant so that it doesn’t get damaged 
when exposed to fishery water.  
 
Safety is about the capability of a product under 
defined conditions to avoid a state in which 
human life, health, property, or the environment 
is endangered. The evaluation shows an 
average score of 4.88 for this quality 
characteristic. Users only have di rect contact 
with the applications, which does not 
necessarily pose a danger to anyone. The risk 
that could be considered would be updating the 
prototype or calibrating the sensors. In the 
software, safety could be the operational 
constraint regarding the expectations of 
whether the data being accessed are safe and 
secure.  
 
Accuracy of the System. The accuracy testing 
aims to evaluate the accuracy of the water 
quality monitoring system by measuring the 
dissolved oxygen, pH, and temperature, as 
compared to the commercial multiparameter 
device. This was conducted together with BFAR 
simultaneously whil e using the commercial 
multiparameter.  
 
Table 4 shows the water samples used during 
testing collected from Manila Bay. There were 
ten trials done to compare the results between 
the prototype and BFAR’s device. The results of 
the accuracy testing for Temperature measured 
in degree Celsius (°C). B y getting the average of 
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the ten trials, the BFAR device has a 
temperature value of 31.0 and a 95% CI [30.81, 
31.19], while the prototype has a value of 31.07 
and a 95% CI [31.002, 31.14], and this resulted to 
an accuracy of 99.39%. The temperature 
measurements showed no significa nt 
difference from the commercial device (t(9) = -
0.79, p = 0.22), indica ting equivalent accuracy.  

 
Table 4  
Accuracy testing of Temperature (°C)  

 
 
The accuracy testing of pH is presented in Table 
5. Ten trials were conducted to measure the pH 
level using the commercial device used by BFAR 
and the prototype that was developed for this 
research. On average, the pH level using the 
BFAR device was 8.35 w ith a 95% CI [8.30, 8.39], 
while the prototype measurement was 7.95 with 
a 95% CI [7.48, 8.42]. This shows a 94.97% 
accuracy during the testing of pH. The result 
also shows that the pH sensor has high 
accuracy when compared to the commercial  
device, with t he two devices having no 
statistically significant difference.     
 
Table 5  
Accuracy testing of pH  

 

Table 6 shows the accuracy testing conducted 
for the dissolved oxygen based on the unit 
mg/L. There were ten trials conducted using the 
BFAR commercial device and the prototype. The 
average of the trials shows that BFAR’s device 
measures the dissolved oxyg en at 5.88 mg/L 
with a 95% CI [5.79, 5.97], while the prototype’s 
measurement was 4.83 with a 95% CI [4.33, 
5.33], and this resulted in an average accuracy 
of 80.67%.  
 
Table 6  
Accuracy testing of Dissolved Oxygen (mg/L)  

 
 
The 80.67% accuracy for DO measurements and 
the confidence intervals showing no overlap 
require further investigation with properly 
calibrated reference devices. When it comes to 
dissolved oxygen, to consider that the prototype 
has high accuracy, it needs a 2- 5% difference as 
the commercial device. The dissolved oxygen 
measurement can be justified by performing 
more testing where both the commercial device 
and the prototype are properly calibrated to 
show the actual results.  
 
Using the standard ISO 5725 - 4:2020 – Accuracy 
(Trueness and Precision) of Measurement of 
Methods and Results, the accuracy of the 
system was calculated by comparing the values 
acquired from the commercial multiparameter 
used by BFAR and the data gathered w hen using 
the prototype.  
 
Predictive Analytics. Figure 10 shows the 
predictive analytics or forecasts of what could 
be the possible water quality parameter values 
in Taal Lake in the next several months, starting 
October 2023. The highlighted columns were the 
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surface values of water temperature (C), pH, 
and dissolved oxygen (mg/L).  

 

 

 
Figure 10 
Forecasted Data using Predictive Analytics  

 
 

 
Figure  11 
Graph of the Historical and Forecast Data for Dissolved 
Oxygen  

 
Figure 11 shows the graph of the historical and 
forecast data for dissolved oxygen. Figure 12 
shows the graph for the historical and forecast 
data for pH. And Figure 13 shows the graph of 
the historical and forecast data for temperature. 
The blue line show s the historical data from 
BFAR from January 2018 to September 2023. 
The red line shows the forecasted data starting 
October 2023 to December 2024.  
 

 
Figure 12  
Graph of the Historical and Forecast Data for pH  

 

 
Figure 13  
Graph of the Historical and Forecast Data for Temperature  

 
Table 7 
Actual Observed pH, DO, and temperature in Taal Lake  

 
 
Table 7 presents the actual observed pH, DO, 
and temperature in Taal Lake gathered by BFAR 
from October 2023 to December 2024. This 
dataset is used in the computation of the 
predictive model validation metrics, such as 
root mean square error (RMSE), mean a bsolute 
error (MAE), and coefficient of determination 
(R 2), which are used to evaluate the accuracy 
and effectiveness of the developed water 
quality monitoring device in generating good 
estimates of pH, DO, and temperature.  
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From the obtained results, the pH (RMSE = 
0.630, MAE = 0.6, R 2 = 0.279) was more accurate 
than the DO (RMSE = 3.179, MAE = 2.8, R 2 = 
0.0002), while temperature (RMSE = 1.452, MAE 
= 1.2, R 2 = 0.642) was found to be the most 
accurate among all parameters. The predicted 
pH values have low errors that are consistent, 
provided by the almost identical RMSE and MAE. 
However, the low R 2 indicates the device was 
unable to capture the underlying trend or 
pattern. With the DO, it had a very low R 2, 
suggesting it has n o predictive power while still 
having large errors. In contrast, temperature 
has a higher R 2, making the device more reliable 
and accurate when predicting this parameter. 
Its RMSE is also higher than the MAE, which 
may indicate outliers.  
 
DISCUSSION 

 
The development of this real - time monitoring 
system addresses six critical challenges in 
Philippine inland fisheries. The first challenge 
addressed was the prevention of water quality 
degradation in inland fisheries by monitoring 
the physical water quality  parameters such as 
pH, temperature, and dissolved oxygen. This 
study addresses the sudden water quality 
changes that caused millions of pesos in losses 
from fish kills during 2023 - 2024. This study also 
tackles the problem in promoting a proactive 
approach  to water quality monitoring using 
Predictive Analytics. Water quality monitoring is 
currently only being done a few times every 
month by collecting water samples from the 
fish farms and testing them at the BFAR 
laboratory. Based on the five - year data 
gath ered from the BFAR Region IV - A Batangas 
area, they have data once every month from 
January 2018 to September 2023..  
The implementation of guided actions based on 
Prescriptive Analytics of the water quality of 
inland fisheries emerged as another significant 
challenge. The prescriptive analytics module 
provides actionable recommendations based on 
threshold violations. Sin ce the system aims to 
provide a proactive approach when it comes to 
monitoring, prescriptive analytics was added in 
order to provide recommendations of possible 
actions that the fish farmers, stakeholders, and 

other officials could take when the water qual ity 
parameters are on warning status. This also 
contributes to making data - driven decisions by 
the people managing the fish farms. Using 
predictive model validation metrics, it was 
found that temperature was the parameter that 
received the most accurate fo recast, with pH 
being the closest to the actual average values, 
while DO has the least accurate prediction, 
suggesting either an unresolved issue in the 
system or that the actual data has no 
relationship with the forecast data. Challenges 
in guiding decisi on- making for sustainable 
inland fisheries through water quality 
monitoring with notification/alerting systems 
was also addressed. The system not only 
consists of a monitoring system, but also 
additional features such as alerting or 
notification system, lo gging, and archiving of the 
data. The notification is only available on the 
mobile app because it allows users to get the 
alerts whenever and wherever they are as long 
as they have the Android phone where the 
Aquaphil app was installed. It allows a proacti ve 
approach to knowing the water quality status 
and, at the same time taking the necessary 
action because they get the notification about it 
in real time.  
 
Another critical challenge relates to the 
experimental testing of the water quality 
monitoring system using ISO/IEC 25010 
standard considering its functionality, efficiency, 
compatibility, usability, reliability, security, 
maintainability, and portability.  After collecting 
the water samples from Manila Bay, a 
demonstration of how the system works was 
conducted at BFAR headquarters together with 
BFAR officials. The presentation included 
showing how the prototype functions and how 
the applications work. There  was also a 
discussion with BFAR for their questions and 
clarifications. The BFAR officials also did a 
demo on how their commercial multiparameter 
works to make a comparison with the prototype. 
The experimental testing done was also 
discussed previously. T hey were used to 
demonstrate to evaluators how the system 
works. The comparison of the prototype to the 
commercial multiparameter device used by 
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BFAR in terms of accuracy based on ISO 5725 -
4:2020 standard was lastly addressed. During 
the testing with BFAR, they demonstrated how 
they use the YSI ProDSS multi - parameter water 
quality meter. It measures several water quality 
parameters, it is portable and rechargeable, 
and the probe is long enough to go a few meters 
deep in the fishery water source. The only 
downside of this device is that it doesn’t have a 
software counterpart where the users can see 
real - time water quality monitoring.  However, 
since it is a commercial product and measures 
multiple water quality parameters, it’s ideal to 
test different parameters that could affect the 
water quality changes. Compared to the existing 
device that BFAR uses, this real - time IoT water 
quality monitoring syst em costs way less to 
develop while still producing accurate results, 
which are comparable to the commercial 
multiparameter. Furthermore, this study 
contributes to the literature by demonstrating 
the successful integration of IoT and predictive 
analytics in  resource - constrained aquaculture 
settings.  
 
Study Limitations. The study acknowledges 
several important limitations that shape the 
interpretation of its findings. First, the sample 
size was restricted to only 30 water samples 
collected from three sites, which narrows the 
scope of generalization. In addition, the testi ng 
period was confined to a single season, 
meaning that seasonal variations in water 
quality could not be fully captured. Another 
constraint lies in the accuracy of the dissolved 
oxygen (DO) sensor, which was measured at 
80.67% and indic ates a need for further 
refinement to ensure more reliable readings. 
Finally, the predictive model used in the study 
was trained on a relatively limited dataset 
spanning just five years, which may affect the 
robustness and long - term applicability of its 
projections. Taken together, these limitations 
highlight the need for cautious interpretation of 
results and point to areas where future 
research can expand and strengthen the study’s 
conclusions.  

 
Conclusion. The study concludes that a real -
time water quality monitoring system offers 

significant potential in preventing water quality 
degradation by providing early warnings of 
parameter changes. The prototype 
demonstrated accuracy comparable to a 
commercial multiparameter device, while its 
notification system allowed users to receive 
imm ediate updates on water conditions. Beyond 
real - time monitoring, predictive analytics 
proved valuable in forecasting possible water 
quality trends over several months, enabling a 
proactive approach. Prescriptive analytics 
further enhanced the system by recommending 
actions when parameters exceeded normal 
thresholds, ensuring timely interventions.  

 
Moreover, the system’s design and performance 
were evaluated against ISO/IEC 25010 
standards, confirming its functionality, 
reliability, usability, efficiency, maintainability, 
and portability. The Bureau of Fisheries and 
Aquatic Resources (BFAR) recognize d the 
prototype’s strong design and practical utility 
for inland fisheries monitoring. Accuracy 
testing under ISO 5725 - 4:2020 also validated 
the hypothesis that the system’s results are 
comparable to BFAR’s commercial devices. 
Overall, the integration of r eal - time monitoring, 
predictive and prescriptive analytics, and 
automated notifications positions the system as 
a valuable tool for fish farmers and 
stakeholders, reducing manual sampling and 
promoting proactive water management.   
 
Recommendation. The BFAR and other 
evaluators provided several recommendations 
to further improve the water quality monitoring 
system and enhance its usability in real - world 
applications. One of the key suggestions was to 
make the prototype more portable, ensuring 
ease of use during on - site  testing. To address 
challenges encountered in the field, they also 
advised adding a back - up battery, which would 
allow the system to function even when a power 
source is unavailable. Another enhancement 
proposed was the inclusion of a feature that lets 
us ers select different reading intervals , such as 
5 seconds, 10 seconds, 30 seconds, or 1 minute , 
giving greater flexibility in monitoring 
frequency.  
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Additionally, the prototype should be made 
water - resistant by designing an enclosure that 
fully protects its components from moisture, 
preventing damage during field operations. 
Finally, expanding the system’s capabilities by 
incorporating more parameters,  such as 
conductivity, depth, carbon dioxide, and 
ammonia, was recommended to provide a more 
comprehensive assessment of water quality. 
Collectively, these improvements would 
strengthen the system’s reliability, adaptability, 
and effectiveness, making it a  more valuable 
tool for fish farmers, researchers, and 
stakeholders engaged in sustainable water 
resource management.  
 
Future studies should maximize the data 
collected during testing to strengthen predictive 
analytics and forecasting capabilities. 
Expanding geographic and seasonal data 
collection across multiple regions, growing 
seasons, and onion varieties would improve the 
model’s generalizability under diverse agro -
climatic conditions. Integrating multi - modal 
information , such as weather parameters, soil 
conditions, and crop growth stages , could 
further enhance diagnostic accuracy, especially 
for visually similar diseas e classes. At the same 
time, adopting advanced lightweight 
architectures, including mobile - optimized 
attention mechanisms and compact vision 
transformers, is recommended to achieve 
stronger feature discrimination while 
maintaining deployment efficiency. Fi nally, 
conducting longitudinal user studies through 
extended field trials would provide valuable 
insights into sustained adoption, user learning, 
and long - term system effectiveness, ensuring 
that the model evolves into a robust and 
practical tool for agric ultural monitoring.  
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