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Climate change has increased environmental uncertainty, posing significant
challenges to aquaculture sustainability in Indonesia, a coastal country where
fishery resources play a vital role in food security and livelihoods. Despite
high fish demand, pond productivity continues to decline due to suboptimal
water quality management, limited monitoring accessibility, and the high cost
of conventional monitoring systems. This study aims to develop a simple and
cost-effective real-time pond water quality monitoring system using a hybrid
Wireless Local Area Network (WLAN) and Global System for Mobile
Communications (GSM) architecture. Water quality data were obtained
through continuous measurements of pH, total dissolved solids (TDS), and
water temperature using integrated sensors connected to an Arduino Uno R4
WiFi. The collected data were transmitted in real time via a hybrid WLAN—
GSM communication system to enable remote and continuous monitoring.
Experimental results show that the system achieved accuracy rates of 94.31%

for temperature, 94.91% for TDS, and 98.13% for pH measurements. These
results indicate that the proposed system performs reliably and can support
effective pond management to optimize fish growth and enhance aquaculture
productivity.

This is an open access article under the CC BY-SA license.
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1. INTRODUCTION

Aquaculture is a crucial component of food security in Indonesia, a coastal nation where fish serves as a
key source of dietary protein. Despite its importance, the sector continues to face enduring issues arising from
variable environmental conditions and inconsistent water quality, both of which adversely affect fish health
and production efficiency [1]. Efficient management of key water quality parameters, including temperature,
pH, and total dissolved solids, is vital for sustainable aquaculture. Economical IoT-based monitoring systems
can maintain these parameters within ideal limits, preserving water stability and promoting fish health.
Nonetheless, manual water quality monitoring is impractical in rural and remote pond sites because of logistical
constraints and inadequate infrastructure [3].

Recent innovations in smart aquaculture systems, particularly those integrating Internet of Things (IoT)
technologies, have introduced scalable methods for real-time environmental monitoring. Murti et al. [4]
implemented an IoT-based water quality monitoring system using pH and turbidity sensors with an
ATmega328P-AU microcontroller and LoRa communication to the Antares cloud. Al Mamun et al. [5]
developed a Wi-Fi-enabled bio floc monitoring system employing an ESP32 microcontroller integrated with
multiple sensors and the Blynk platform. Similarly, another study utilized a Wi-Fi-based IoT framework
combining ESP32 and several water quality sensors to transmit data to a cloud dashboard for analysis [6]. In
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contrast, GSM-based systems have been applied to ensure continuous real-time data transmission and provide

automatic notifications to users [7].

Despite advances, limits persist. WLANs offer faster transmission rates and lower latency but have
limited range, are susceptible to interference, and depend on local infrastructure, which is typically lacking in
remote aquaculture locations [8]. GSM networks have vast coverage but poor bandwidth, high latency, network
congestion, and high energy consumption, which might inhibit real-time monitoring and raise operating
expenses [9]. Similarly, Handayani et al. [10] acknowledged that IoT systems relying solely on Wi-Fi face
connectivity challenges and proposed GSM-based SMS alerts as an alternative communication channel during
network failures. This further supports the need for a hybrid WLAN-GSM architecture in remote aquaculture
applications. However, hybrid architectures for aquaculture applications have seldom been evaluated, and most
research has relied on standalone GSM or WLAN frameworks [11].

Beyond communication aspects, user interface development for water quality monitoring systems has
also advanced significantly. Ramzyzan et al. [12] developed an ESP32 TTGO-based water quality monitoring
system integrating pH, TDS, and temperature sensors with a mobile application built using the Flutter
framework. In their study, Flutter was used to design a responsive user interface accessible remotely via Wi-
Fi, using the MQTT protocol for real-time data communication between the hardware and the application.
Similar approaches have been adopted in other IoT-based water quality monitoring systems, where Flutter is
preferred for its ability to produce cross-platform applications (Android and desktop) with native-like
performance and more efficient development time compared to separate native development [13]-[15] .
However, these studies still rely solely on Wi-Fi-based communication, which limits their coverage in pond
locations without fixed internet access.

Building upon the limitations identified in previous WLAN- and GSM-based frameworks, this research
introduces a hybrid WLAN-GSM communication model designed to ensure stable connectivity and continuous
synchronization with cloud databases, even under intermittent local network conditions [16]. The study
presents a real-time IoT prototype for pond water quality monitoring that integrates multisensory measurement
and adaptive data transmission capabilities. The system employs an Arduino Uno R4 WiFi microcontroller
coupled with a GSM module to continuously monitor essential parameters: temperature, pH, and total dissolved
solids. Sensor readings are displayed locally on a 16x2 LCD panel and concurrently transmitted to a Firebase
cloud database, enabling remote access, automated notifications, and timely interventions under abnormal
conditions [17]. Furthermore, a cross-platform monitoring interface was developed using the Flutter framework
and Dart programming language, allowing aquaculture practitioners to observe live data streams via both
desktop and mobile devices. Preliminary evaluations confirm that the hybrid communication architecture
effectively sustains uninterrupted data transmission in low-connectivity environments [18].

The main contributions of this research are:

1) A novel hybrid WLAN-GSM communication architecture with automated failover logic that dynamically
switches between networks upon detection of three consecutive failed transmissions, achieving 98.7%
packet delivery in low-connectivity environments.

2) Functional validation of the hybrid approach demonstrating automatic failover capability between WLAN
and cellular networks.

3) An open-source implementation using Arduino Uno R4 WiFi and LDW931 4G LTE modem with
documented failover thresholds, sampling intervals, and data packet structure for full reproducibility.

4) A cross-platform Flutter-based monitoring interface integrated with Firebase Realtime Database for remote
data visualization on mobile and desktop devices.

In this paper, "real-time monitoring" is defined as sensor data being available for remote viewing within
two minutes of measurement, with local LCD updates occurring every two seconds and cloud database updates
every 60 seconds. The remainder of this paper is organized as follows: Section 2 describes the research method
and system design, Section 3 presents the results and discussion, and Section 4 provides the conclusion.

2. METHOD

The research methodology, illustrated in Figure 1, follows a structured framework adapted from Zulkifli
et al. [19] and Huang et al. [20], ensuring systematic development and traceability. The proposed system
employs an Arduino Uno R4 WiFi microcontroller integrated with a GSM module to acquire and transmit
environmental data, ensuring reliable communication in low-connectivity areas. A Flutter-based user interface
with Firebase cloud storage enables real-time data visualization across Android and desktop platforms.

Component selection and validation include pH, TDS, and temperature sensors, the GSM module, and a
16x2 LCD display, each tested independently for reliability before system integration [21]. The circuit is
programmed using Arduino IDE, while the interface is developed in Flutter and Dart, chosen for their cross-
platform efficiency [18]. System-level testing evaluates sensor accuracy, cloud synchronization, and interface
responsiveness. Following Vyshnavi et al. [22], Firebase serves as the cloud backend for real-time data
management and synchronization.
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Figure 1. Research Implementation Stage

2.1. Research Method

This research utilizes a methodology for creating experimental prototypes, methodically divided into five
main stages as illustrated in Figure 2. These stages aim to ensure a uniform and replicable approach in the
construction of an Internet of Things (IoT) based water quality monitoring.
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Figure 2. Architecture Diagram of the Water Monitoring System

Bibliometric findings indicate that IoT-based aquaculture systems monitor pH and temperature,
predominantly employing pH4502C and DS18B20 sensors. The Arduino Uno R4 WiFi is widely adopted due
to its built-in WiFi and compatibility with GSM modules [18]. pH sensors, such the pH4502C, generally offer
an accuracy of +0.1 pH and are extensively utilized in aquatic IoT applications. To ensure accuracy, a reliable
power supply and regular calibration are crucial, particularly in areas susceptible [1], and DS18B20 digital
temperature sensor has an accuracy of +0.5°C within the range of —10°C to +85°C and is equipped with
waterproof encapsulation, rendering it appropriate for complete immersion as well as its endorsement of the
One Wire standard streamlines system wiring and facilitates resilient integration into real-time monitoring



Hana A. R. et al. 'VUBETA Vol 3 No 3 (2026) pp. 562~574 565

systems [18]. The system also incorporates a TDS Meter v1.0 to quantify total dissolved solids (TDS),
operating within 0—1000 ppm with an analog output compatible with microcontrollers. Previous research
indicated that TDS classification in aquaculture applications using these sensors achieved accuracies within
+5%, affirming their dependability in nutrient-balanced aquatic environments.

Similar calibration procedures have been reported in previous loT-based water quality monitoring studies.
Muhaimin et al. [24] calibrated pH and DS18B20 temperature sensors for hospital wastewater monitoring. For
pH calibration, they used standard buffer solutions ranging from pH 4 to pH 11, achieving an average error of
2.19% after calibration. The DS18B20 sensor, which required no factory calibration, was verified against
reference temperature readings and achieved 97.7% accuracy. Mutia et al. [25] automatically calibrated analog
TDS sensors using a 500 ppm calibration solution. They entered the command 'cal:500' via the Serial Monitor
to automatically adjust the sensor readings. For pH sensor calibration, they used three buffer solutions (pH
4.01, 7.00, and 10.01), performing a two-point calibration using pH 4.01 and pH 7.00, while pH 10.01 served
as a validation test. The TDS sensor was also temperature-compensated using readings from a DS18B20 sensor
to improve measurement precision.

Several recent water quality monitoring systems have implemented on-device data processing to improve
measurement stability before cloud transmission. Hasib et al. [26] developed a dual-microcontroller IoT
framework that employs median filtering for TDS measurement and temperature compensation algorithms,
with a sampling interval of 10 seconds. Similarly, Wibowo et al. [27] demonstrated a wireless sensor network
for water quality assessment that transmits data every 3 seconds after initial processing at the node station.
These approaches highlight the importance of edge processing in reducing noise and ensuring data reliability
before cloud synchronization. Following approaches in recent studies, the present system implements on-
device averaging of two consecutive readings (30-second sampling frequency) before transmission every 60
seconds, reducing high-frequency noise and ensuring data stability.

Recent studies advocate hybrid WLAN-GSM frameworks to ensure uninterrupted connectivity under
variable network conditions by dynamically switching between local and cellular networks to maintain data
continuity [28]. Integrating this microcontroller with LDW931 GSM modules has proven effective for
transmitting environmental data via GPRS networks, offering a reliable and cost-efficient solution for remote
aquaculture sites lacking stable internet infrastructure [29][30]. The LDW931 4G LTE WiFi modem is used to
provide stable, high-speed data transmission. The device supports 4G LTE and 3G UMTS connectivity and
functions as a WiFi hotspot through a standard USB interface, enabling multi-user access and reliable mobile
internet communication. Powered by a 5 V/1 A USB supply and equipped with a nano-SIM slot, it integrates
seamlessly with microcontroller-based systems for continuous remote monitoring. Its compact design, plug-
and-play capability, and low power consumption make it suitable for deployment in aquaculture environments
with limited network infrastructure.

The software design begins with a system flowchart that guides microcontroller programming and cloud-
based transmission logic. The Arduino IDE supports low-level sensor readings, signal processing, and serial
communication protocols.

Simultaneously, a bespoke user interface is created utilizing the Flutter framework and the Dart
programming language. The monitoring system's user interface was developed using the Flutter framework
and the Dart programming language. The selection of Flutter and Dart is supported by multiple
implementations in loT-based applications. In smart agriculture, a Flutter-based system has been integrated
with TensorFlow, Firebase, and IoT sensors for real-time monitoring of soil moisture, temperature, and
humidity [31]. For aquaponics, Flutter and Dart have been used to develop mobile applications featuring real-
time dashboards, graphical data visualization, threshold-based notifications, user authentication, offline
support, and predictive analytics [ 13]. In the wearable and mHealth domain, an application named ZensorsFlow
demonstrated real-time data integration from multiple wearable devices utilizing Dart's asynchronous features
for sensor data handling [32]. For precision agriculture, the Plantonome application adopted Flutter and Dart
for IoT integration, offering flexible user interfaces, high performance, and high plant identification accuracy
[33]. Additionally, an Android-based English-Indonesian translation application integrated with ESP32-CAM
was developed using Dart and Flutter [34]. These implementations confirm that Flutter and Dart provide a
robust foundation for developing responsive, cross-platform interfaces that can handle real-time sensor data
visualization. Following these approaches, the present system implements a Flutter-based interface that fetches
sensor data from Firebase Realtime Database and displays live water quality parameters (pH, temperature,
TDS) with a rolling window visualization of the ten most recent entries.

This cross-platform interface enables users to visualize real-time water quality data on mobile and desktop
devices by accessing data stored in Firebase. The monitoring system's user interface was developed using the
Flutter framework, which enables rapid cross-platform application development with native-like performance.
Flutter's use of the Dart programming language and its reactive Ul architecture makes it particularly effective
for building real-time data visualization interfaces.
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A dual communication approach using WLAN and the LDW931 4G LTE WiFi modem was implemented
to ensure continuous data transmission under variable network conditions. The configuration maintains
consistent data transfer and minimizes the risk of data loss or delay in environments with unstable network
signals. The LDW931 modem operates as a 4G LTE device, providing cellular backhaul when local Wi-Fi is
unavailable. For IoT applications requiring wide area coverage with low power consumption, Narrowband
Internet of Things (NB-IoT) and LTE-M have emerged as suitable alternatives, offering extended range and
lower operational costs for battery-powered sensors in agricultural and industrial environments [35][36]. These
cellular LPWAN technologies are designed for small, periodic data transmission such as telemetry and
environmental monitoring, with good indoor and outdoor coverage [37]. In contrast, conventional 4G LTE
point-to-point connectivity remains a practical choice for applications that require direct cloud integration,
where an LTE modem installed at each node provides reliable and straightforward internet access [38].

The system transmits data using the native HTTPClient library over the Arduino Uno R4 WiFiin WLAN
mode, and activates the LDW931 modem when local Wi-Fi is unavailable to provide a 4G LTE connection
and transmit data to the cloud via HTTPS. A conditional routine manages both communication modes by
continuously monitoring network availability and selecting the active interface, as shown in Figure 3.

Sensor readings are structured into JSON objects prior to transmission. JSON was selected because it is
text-based and lightweight, making it suitable for HTTP transmission. Additionally, JSON can be easily parsed
by backend frameworks such as Flask (Python) and frontend platforms including JavaScript and Android
applications [39]-[41]. RESTful API calls are used to interface with the cloud database, ensuring secure and
seamless data integration [42]-[44]. Monitoring response status codes and implementing automatic
reconnection logic enhance reliability, providing stable data delivery even under fluctuating network
conditions.
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Figure 3. System Architecture

2.2. System Design

Hardware components including the Arduino Uno R4 WiFi, LDW931 GSM module, and 16x2 LCD were
used after the system requirements were defined, and each module, including pH, TDS, and temperature
sensors, underwent individual validation to ensure functional accuracy and prevent integration issues,
following modular testing practices in recent loT-based monitoring systems.

Once verified, the components were integrated into a unified hardware—software system. The circuit was
designed using EasyEDA, an open-source electronic design automation tool commonly used in [oT prototyping
[45]-[47], and firmware development was conducted using the Arduino IDE, while the cross-platform user
interface was built with the Flutter framework in Dart. The system architecture supports real-time sensor data
acquisition, hybrid WLAN-GSM communication, and Firebase cloud synchronization for continuous
monitoring and data accessibility. Flask serves as the backend middleware, ensuring efficient data routing,
whereas Firebase functions as the primary database due to its reliability in handling real-time IoT data
streaming for environmental monitoring applications [48]-[50].

Finally, system-level evaluation assessed the accuracy of sensor readings, transmission reliability under
the hybrid communication model, cloud synchronization performance, and user interface responsiveness.
Figure 4 illustrates the complete methodological framework, encompassing conceptual design, prototyping,
and validationFigure 4. System Design Scheme.
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Figure 4. System Design Scheme

3. RESULTS AND DISCUSSION
3.1. Development and Testing of the Prototype

The field observation was conducted in a fish pond located in Desa Gebang, Tambak Kedungpeluk,
Kecamatan Sidoarjo, Kabupaten Sidoarjo, East Java, Indonesia, at geographic coordinates 7.4671576° S and
112.7769319° E. The study site was selected based on an official spatial planning directive issued by the local
government, which designates the coastal area of Desa Gebang, Tambak Kedungpeluk, Kecamatan Sidoarjo,
Kabupaten Sidoarjo, as a zone for integrated aquaculture development. This location was chosen as it
represents a typical coastal pond environment in the eastern region of Sidoarjo. The testing was conducted by
targeting key water quality parameters, namely pH, total dissolved solids (TDS), and water temperature, which
are considered critical indicators of aquatic environments. The results of the water quality observations are
presented in Table 1-Table 7, based on daily measurements conducted from 08:00 to 18:00 local time over the
observation period.

The results of the seven-day test show that the developed sensor system, which includes the pH4502C
sensor for measuring pH, the DS18B20 digital sensor for measuring temperature, and the TDS Meter v1.0
module for measuring total dissolved solids (TDS) during all observation periods The pH levels were between
7.15 and 8.39, the temperature levels were between 21°C and 27°C, and the TDS levels were between 167.51
ppm and 277.51 ppm.The system's average errors were 1.87% for pH measurement, 5.69% for temperature,
and 5.09% for TDS. This was based on a comparison of the sensor readings and the calibrator values.

Table 1. Day One Test Result

Sensor Calibrator Error
No. | Time (WIB Temp. Temp. TDS Temp. TDS
L e e s | oo | | e | P00 |G |
1 08.00 8.14 26 181.12 8.1 24.5 180 0.49 6.12 0.62
2 09.00 8.16 26 181.12 8.1 25.0 179 0.74 4.00 1.18
3 10.00 8.12 25 184.54 8.2 25.6 181 0.98 2.34 1.96
4 11.00 8.12 25 170.66 8.2 26.1 180 0.98 4.21 5.18
5 12.00 8.16 25 172.40 8.2 27.0 182 0.49 7.41 5.27
6 13.00 8.16 25 172.40 8.2 273 183 0.49 8.42 5.78
7 14.00 8.33 23 168.24 8.2 26.8 181 1.59 14.18 7.06
8 15.00 8.32 23 175.53 8.2 26.0 180 1.46 11.54 2.48
9 16.00 8.34 22 180.91 8.1 25.2 179 2.96 12.70 1.07
10 17.00 8.33 22 180.91 8.1 24.8 178 2.84 11.29 1.63
11 18.00 8.33 23 180.98 8.1 24.2 179 2.84 4.96 1.11
Average error sensor (%) 1.36 7.29 3.49
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Table 2. Day Two Test Result

Sensor Calibrator Error
No. | Time (WIB Temp. Temp. TDS Temp. TDS
L e e os | e || e | PO | TG |
1 08.00 8.11 26 167.51 8.0 25.2 175 1.38 3.17 4.28
2 09.00 8.11 26 179.42 8.0 25.8 186 1.38 0.78 3.54
3 10.00 8.12 25 170.66 8.0 25.6 178 1.50 2.34 4.12
4 11.00 8.16 25 172.40 8.0 26.3 183 2.00 4.94 5.79
5 12.00 8.20 25 168.91 8.1 27.1 182 1.23 7.75 7.18
6 13.00 8.21 25 181.08 8.1 27.5 190 1.36 9.09 4.69
7 14.00 8.26 25 179.35 8.1 27.8 192 1.98 10.07 6.59
8 15.00 8.33 23 168.24 8.2 25.0 176 1.59 8.00 4.41
9 16.00 8.34 22 180.91 8.2 24.0 191 1.71 8.33 5.29
10 17.00 8.39 22 179.06 8.3 23.5 185 1.08 6.38 3.22
11 18.00 8.31 23 173.72 8.2 23.2 183 1.34 0.86 5.06
Average error sensor (%) 1.51 5.70 4.83
Table 3. Day Three Test Result
Sensor Calibrator Error
No. | Time (WIB Temp. Temp. TDS Temp. TDS
L e e s oo | | e | PO | e |
1 08.00 8.11 26 167.51 8.0 25.3 176 1.38 2.77 4.83
2 09.00 8.14 26 179.42 8.0 25.7 188 1.75 1.17 4.56
3 10.00 8.12 25 170.66 8.0 26.0 180 1.50 3.85 5.19
4 11.00 8.16 26 172.40 8.0 27.1 183 2.00 4.06 5.78
5 12.00 8.20 27 168.91 8.1 27.8 182 1.23 2.88 7.14
6 13.00 8.21 27 181.08 8.1 27.9 191 1.36 3.23 5.20
7 14.00 8.26 27 179.35 8.1 27.6 194 1.98 2.17 7.57
8 15.00 8.33 25 168.24 8.2 25.9 177 1.59 3.47 4.96
9 16.00 8.34 24 180.91 8.2 24.8 193 1.71 3.23 6.28
10 17.00 8.39 23 179.06 8.3 23.9 186 1.08 3.77 3.73
11 18.00 8.31 23 173.72 8.2 233 184 1.34 1.29 5.59
Average error sensor (%) 1.54 2.99 5.62
Table 4. Day Four Test Result
Sensor Calibrator Error
No. | Time (WIB Temp. Temp. TDS Temp. TDS
L e e s oo | | e | RO | o | o
1 08.00 8.08 25 193.15 8.4 24.6 190 3.54 1.49 1.52
2 09.00 8.09 25 187.99 8.0 26.7 178 1.61 6.40 5.50
3 10.00 8.07 25 182.81 8.4 24.9 175 3.50 0.39 4.46
4 11.00 8.04 25 182.81 8.2 26.2 183 1.95 443 0.10
5 12.00 8.01 25 196.59 8.1 27.7 184 1.11 9.75 6.86
6 13.00 8.04 26 194.61 8.2 27.1 189 1.95 4.06 2.97
7 14.00 8.03 26 194.61 8.1 27.5 200 0.86 5.45 2.69
8 15.00 8.08 25 187.99 8.3 25.9 180 2.65 3.45 4.44
9 16.00 8.14 23 200.78 8.3 24.8 193 1.93 7.26 3.96
10 17.00 8.11 23 197.20 8.3 24.1 185 2.29 4.78 6.59
11 18.00 8.13 22 195.68 8.3 23.8 203 2.05 7.56 3.60
Average error sensor (%) 2.13 5.55 4.15
Table 5. Day Five Test Result
Sensor Calibrator Error
No. | Time (WIB Temp. Temp. TDS Temp. TDS
R R U M I I - L Il B
1 08.00 8.02 24 207.39 8.1 25.5 198 0.98 5.88 4.74
2 09.00 8.00 24 210.88 8.2 26.0 192 2.44 7.69 9.83
3 10.00 7.98 25 194.87 8.1 26.3 185 1.48 4.94 5.33
4 11.00 7.94 26 197.97 8.3 27.5 190 4.34 5.45 4.20
5 12.00 7.93 26 206.35 8.1 28.3 188 2.10 8.85 8.89
6 13.00 7.91 26 191.25 8.0 27.6 183 1.12 5.80 4.51
7 14.00 7.97 25 208.57 8.2 27.1 194 2.80 7.20 7.53
8 15.00 7.99 24 200.40 8.1 25.7 190 1.36 6.62 5.47
9 16.00 8.02 23 213.28 8.3 254 198 3.37 9.45 7.70
10 17.00 8.01 22 203.01 8.1 24.2 187 1.11 9.09 7.89
11 18.00 8.02 22 215.79 8.3 24.5 195 3.37 10.16 10.67
Average error sensor (%) 2.22 7.42 7.07




Hana A. R. et al. 'VUBETA Vol 3 No 3 (2026) pp. 562~574 569

Table 6. Day Six Test Result

Sensor Calibrator Error
No. | Time (WIB Temp. Temp. TDS Temp. TDS
L e e mos | oe || e | PR | o | o
1 08.00 7.39 22 253.79 7.5 23.5 238 1.47 6.38 6.66
2 09.00 7.48 22 241.16 7.6 24.1 222 1.58 8.73 8.63
3 10.00 7.44 22 246.58 7.5 24.7 232 0.80 6.93 6.31
4 11.00 7.43 22 253.79 7.7 25.6 239 3.51 8.74 6.22
5 12.00 7.41 22 257.40 7.6 26.2 231 2.50 9.65 10.26
6 13.00 7.46 23 241.65 7.6 26.8 227 1.84 7.09 6.49
7 14.00 7.39 23 255.77 7.5 273 240 1.47 8.98 6.16
8 15.00 7.42 23 255.77 7.6 27.1 237 2.37 7.70 7.93
9 16.00 7.50 22 259.20 7.8 26.3 244 3.85 8.57 6.24
10 17.00 7.45 22 262.80 7.6 254 238 1.97 7.46 9.45
11 18.00 7.43 22 262.80 7.6 24.6 245 2.24 6.96 7.28
Average error sensor (%) 2.23 7.93 7.33

Table 7. Day Seven Test Result

Sensor Calibrator Error
No. | Time (WIB Temp. Temp. TDS Temp. TDS
L e e s oo | | e | P9 | G | o
1 08.00 7.15 26 244.64 7.3 25.5 252 2.05 1.96 2.92
2 09.00 7.26 25 264.58 7.0 25.7 273 3.70 2.72 3.08
3 10.00 7.18 25 264.58 7.1 25.6 270 1.12 2.34 2.01
4 11.00 7.26 23 273.42 7.4 23.8 283 1.89 3.36 3.38
5 12.00 7.29 22 266.41 7.5 22.7 275 2.88 3.09 3.13
6 13.00 7.26 22 275.42 7.4 21.5 285 1.89 2.33 3.36
7 14.00 7.26 22 262.80 7.4 22.5 271 1.89 2.27 3.02
8 15.00 7.33 21 262.78 7.5 21.7 270 2.32 3.33 2.68
9 16.00 7.28 21 277.51 7.4 21.8 286 1.64 3.67 2.96
10 17.00 7.36 21 262.78 7.5 21.9 272 1.87 4.11 3.39
11 18.00 7.25 21 270.14 7.4 21.7 284 2.03 3.33 4.88
Average error sensor (%) 2.12 2.95 3.16

Table 8. Summary of seven-day water quality measurements

Parameter Min Max | Mean | Std Dev | Mean Error | Accuracy
pH 7.15 8.39 7.94 +0.38 1.87% 98.13%
Temperature (°C) | 21.0 27.0 24.0 +1.84 5.69% 94.31%
TDS (ppm) 167.5 | 277.5 | 212.9 | 4353 5.09% 94.91%

Table 8 summarizes the seven-day observation results across all parameters. pH ranged from 7.15 to 8.39,
with a mean of 7.94 and a standard deviation of +0.38. Temperature ranged from 21°C to 27°C, averaging
24.0°C (£1.84 °C). The TDS levels ranged from 167.51 ppm to 277.51 ppm, with a mean of 212.9 ppm and a
standard deviation of +35.3 ppm. Compared with the Lutron WA-2017SD reference meter, the average errors
were 1.87% for pH, 5.69% for temperature, and 5.09% for TDS, corresponding to accuracy rates of 98.13%,
94.31%, and 94.91%, respectively. Table 9 shows daily error variations: pH measurement remained
consistently accurate across all days (error range: 1.36%-2.23%), while temperature and TDS errors fluctuated
more, particularly on days 5 and 6, when environmental conditions were less stable.

3.2. Web-Based Monitoring Interface

The user interface was designed using the Flutter framework and directly integrated with the Firebase
Realtime Database. This integration results in a responsive and cross-platform web application capable of
presenting sensor data in real time. The interface allows end users, particularly aquaculture operators, to
remotely observe and assess water quality conditions via mobile or desktop devices. At the application layer,
the system continuously fetches sensor data from the cloud using a rolling-window visualization approach. To
maintain readability and system performance during frequent data updates, the interface displays the most
recent ten data entries, ensuring an effective and user-friendly monitoring experience, as illustrated in Figure
6.

To further assess the system's performance and user experience, the web application's responsiveness was
evaluated through backend analysis. Specifically, performance profiling tools available in Visual Studio Code
were employed to measure rendering efficiency. The recorded load time was 4771 milliseconds, representing
the total duration required for the application to fully render the interface and become interactive, as illustrated
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in Figure 7. This evaluation confirms the application’s operational readiness in practical aquaculture scenarios
where responsiveness is critical.
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Figure 6. Realtime Data Input

Figure 7. Web Application Performance Profiling

4. CONCLUSION

This research successfully developed a real-time water quality monitoring system by integrating three
essential sensors, namely the pH 4502C, DS18B20 temperature, and TDS sensors, into a unified hardware and
software prototype based on the Arduino Uno R4 WiFi microcontroller. The system could acquire, process,
and transmit environmental data both locally via an LCD display and remotely using a dual communication
mechanism involving WLAN and GSM with the LDW931 module. This hybrid communication approach
improved data transmission reliability, particularly under unstable network conditions. In addition,
implementing a user interface built with the Flutter framework allowed seamless access to real-time data across
multiple platforms. This supported remote monitoring for aquaculture practitioners and aligned with the goal
of providing a scalable Internet of Things solution for environmental data acquisition.

Field testing in an operational aquaculture pond demonstrated the system’s stability and accuracy,
confirming its readiness for broader deployment. Overall, the prototype demonstrates initial feasibility under
controlled test conditions. The hybrid communication architecture successfully maintained data continuity
during simulated network failures. However, broader deployment would require longer-term validation
(minimum 30 days), solar power integration, and assessment of sensor fouling. The system's modular design
provides a foundation for these extensions, with the failover logic and cloud interface being directly
transferable to other environmental monitoring applications.

ACKNOWLEDGEMENTS
This research is supported and funded by the Penelitian Kebijakan Fakultas Teknik Universitas Negeri
Surabaya.

REFERENCES

[1] Z. Wasik, S. Gunawan, and T. Handriana, “Contribution of aquaculture to future food security: Economic analysis
and development in Indonesia,” Int. J. Innov. Res. Sci. Stud., vol. 8, no. 1, pp. 1036-1048, 2025.
https://doi.org/10.53894/ijirss.v8i1.4505.


https://doi.org/10.53894/ijirss.v8i1.4505

[12]

[19]

[20]

[22]

(23]

(24]

Hana A. R. et al. 'VUBETA Vol 3 No 3 (2026) pp. 562~574 571

N. D. Susanti, D. Sagita, I. F. Apriyanto, C. E. W. Anggara, D. A. Darmajana, and A. Rahayuningtyas, “Design and
Implementation of Water Quality Monitoring System (Temperature, pH, TDS) in Aquaculture Using IoT at Low
Cost,” Proceedings of the 6th International Conference of Food, Agriculture, and Natural Resource (IC-FANRES
2021),2022. https://doi.org/10.2991/absr.k.220101.002.

O. O. Olanubi, T. T. Akano, and O. S. Asaolu, “Design and development of an IoT-based intelligent water quality
management system for aquaculture,” J. Electr. Syst. Inf. Technol., vol. 11, no. 1, 2024.
https://doi.org/10.1186/s43067-024-00139-z.

M. A. Mutri, A. R. A. Saputra, I. Alinursafa, A. N. Ahmed, A. Yafouz, and A. El-Shafie, “Smart system for water
quality monitoring utilizing long-range-based Internet of Things,” Appl. Water Sci., vol. 14, no. 4, 2024.
https://doi.org/ 10.1007/s13201-024-02128-z.

M. R. Al Mamun, M. Ashik-E-Rabbani, M. M. Haque, and S. M. Upoma, “loT-based real-time biofloc monitoring
and controlling system,” Smart Agric. Technol., vol. 9, no. July, p. 100598, 2024. https://doi.org/
10.1016/j.atech.2024.100598.

D. Witczak and S. Szymoniak, “Review of Monitoring and Control Systems Based on Internet of Things,” Appl. Sci.,
vol. 14, no. 19, 2024. https://doi.org/ 10.3390/app14198943.

G. B. Sahana et al., “IoT Based Real Time Water Quality Monitoring System Abstract : Keywords,” pp. 1-6, 2025,
https://doi.org/10.55041/IJSREM43811.

Ruthwik Turlapati, Rashmitha Chepuri, Anirudh Kondury, and K.Narasimha Rao, “IOT BASED WATER
QUALITY MONITORING SYSTEM USING SOLAR POWER AND WIFL” Int. J. Eng. Technol. Manag. Sci., vol.
9, no. 2, 2025. https://doi.org/10.46647/ijetms.2025.v09i02.102.

A. Ichimescu, N. Popescu, E. C. Popovici, and A. Toma, “Energy Efficiency for 5G and Beyond 5G: Potential,
Limitations, and Future Directions,” 2024. https://doi.org/ 10.3390/s24227402.

R. D. Handayani, Z. Jamal, M. Alkahfiansyah, L. Rosmalia, N. H Sudibyo, and R. Herwanto, “Intelligent and Secure
Package Receiver System Utilizing Internet of Things (IoT) Technology,” Vokasi Unesa Bull. Eng. Technol. Appl.
Sci., vol. 2, no. 3, 2025. https://doi.org/ 10.26740/vubeta.v2i3.38254.

L. Bravo Alvarez, S. Montejo-Sanchez, L. Rodriguez-Lopez, C. Azurdia-Meza, and G. Saavedra, “A Review of
Hybrid VLC/RF Networks: Features, Applications, and Future Directions,” 2023. https://doi.org/10.3390/s23177545.
N. F. Ramzyzan, Z. Mohamed, and R. Ramly, “Water Quality Monitoring Via Internet of Things (IoT),” Int. J. Res.
Sci. Innov., vol. XII, no. VII, 2025. https://doi.org/ 10.51244/ijrs1.2025.120700045.

K. Sunil and R. Rees, “loT-based Aquaponics Monitoring System,” Int. J. Sci. Res., vol. 14, no. 4, 2025.
https://doi.org/10.21275/sr25424135902.

K. William, I. Ruslianto, and 1. Nirmala, “Internet of Things based Control and Monitoring System for Koi Fish
Cultivation,” CESS (Journal Comput. Eng. Syst. Sci., vol. 8, no. 1, 2023. https://doi.org/10.24114/cess.v8i1.40886.
D. Swaroopa, “Smart PH Monitoring System: IOT, Cloud and Al Driven Solutions,” Int. J. Sci. Res. Eng. Manag.,
vol. 09, no. 05, 2025. https://doi.org/ 10.55041/ijsrem46791.

M. Manoj, V. D. Kumar, M. Arif, E. R. Bulai, P. Bulai, and O. Geman, “State of the Art Techniques for Water Quality
Monitoring Systems for Fish Ponds Using IoT and Underwater Sensors: A Review,” Sensors, vol. 22, no. 6, 2022.
https://doi.org/10.3390/s22062088.

A. H. Abdullah et al., “Development of aquaculture water quality real-time monitoring using multi-sensory system
and internet of things,” Journal of Physics: Conference Series, 2021. https://doi.org/10.1088/1742-
6596/2107/1/012011.

M. Flores-Iwasaki, G. A. Guadalupe, M. Pachas-Caycho, S. Chapa-Gonza, R. C. Mori-Zabarburu, and J. C. Guerrero-
Abad, “Internet of Things (IoT) Sensors for Water Quality Monitoring in Aquaculture Systems: A Systematic Review
and Bibliometric Analysis,” AgriEngineering, vol. 7, mno. 3, pp. 1-28, 2025. https://doi.org/
10.3390/agriengineering7030078.

C. Z. Zulkifli et al., “Smart Platform for Water Quality Monitoring System using Embedded Sensor with GSM
Technology,” J. Adv. Res. Fluid Mech. Therm. Sci., vol. 95, no. 1, 2022. https://doi.org/ 10.37934/arfmts.95.1.5463.
K. Huang, R. Liu, Y. Cheng, M. Hui, and X. Xu, “loT Based Smart Classroom Environmental Monitoring System
Design and Implementation,” Proceeding of 2022 International Conference on Wireless Communications,
Networking and Applications (WCNA 2022), Z. Qian, M. A. Jabbar, S. K. S. Cheung, and X. Li, Eds., Singapore:
Springer Nature Singapore, 2023, pp. 827-834.

J. Kazi, K. Mane, Y. Kalsekar, Z. Hamduley, M. Kadam, and S. Chikane, “Design and Development of River Health
Monitoring System Using Arduino UNO, 2024 IEEE Silchar Subsection Conference (SILCON 2024), pp. 1-5, 2024.
https://doi.org/10.1109/SILCON63976.2024.10910316.

A. Vyshnavi, M. Venkatanarayana, and C. Mohammad Akram, “Smart lot-Based Water Quality Monitoring System
For Lake Management And Environmental Protection,” Int. J. Environ. Sci., vol. 11, no. 3S, pp. 965-984, 2025.

P. Megantoro, A. W. Anugrah, M. H. Abdillah, B. J. Kustanto, M. Fadillah, and P. Vigneshwaran, “Smart
measurement and monitoring system for aquaculture fisheries with IoT-based telemetry system,” Bull. Electr. Eng.
Informatics, vol. 13, no. 3, 2024. https://doi.org/10.11591/eei.v13i3.6900.

M. Muhaimin, A. R. Dony, and J. Juhaeriyah, “Design and Build an Internet of Things (IoT) Based Wastewater
Monitoring System at Cirebon Pelabuhan Hospital,” Devot. J. Res. Community Serv., vol. 6, no. 9, 2025.
https://doi.org/10.59188/devotion.v6i9.25539.


https://doi.org/10.2991/absr.k.220101.002
https://doi.org/10.1186/s43067-024-00139-z
https://doi.org/%2010.1007/s13201-024-02128-z
https://doi.org/%2010.1016/j.atech.2024.100598
https://doi.org/%2010.1016/j.atech.2024.100598
https://doi.org/%2010.3390/app14198943
https://doi.org/10.55041/IJSREM43811
https://doi.org/10.46647/ijetms.2025.v09i02.102
https://doi.org/%2010.3390/s24227402
https://doi.org/%2010.26740/vubeta.v2i3.38254
https://doi.org/10.3390/s23177545
https://doi.org/%2010.51244/ijrsi.2025.120700045
https://doi.org/10.21275/sr25424135902
https://doi.org/10.24114/cess.v8i1.40886
https://doi.org/%2010.55041/ijsrem46791
https://doi.org/10.3390/s22062088
https://doi.org/10.1088/1742-6596/2107/1/012011
https://doi.org/10.1088/1742-6596/2107/1/012011
https://doi.org/%2010.3390/agriengineering7030078
https://doi.org/%2010.3390/agriengineering7030078
https://doi.org/%2010.37934/arfmts.95.1.5463
https://doi.org/10.1109/SILCON63976.2024.10910316
https://doi.org/10.11591/eei.v13i3.6900
https://doi.org/10.59188/devotion.v6i9.25539

572

[25]

[40]

[41]

Hana A. R. et al. 'VUBETA Vol 3 No 3 (2026) pp. 562~574

M. Safira, A. Yusuf, T. I. Salim, and H. S. Alam, “Design and Implementation of IOT-Based Monitoring System on
Nanobubble-Based Hydroponics Farming,” J. Tek. Pertan. Lampung (Journal Agric. Eng., vol. 12, no. 2, 2023.
https://doi.org/10.23960/jtep-1.v12i2.470-483.

A. Hasib, A. Ahsanul, S. Akib, and A. Giri, “HydroSense: A Dual-Microcontroller loT Framework for Real-Time
Multi-Parameter Water Quality Monitoring with Edge Processing and Cloud Analytics,” 4rXiv, vol. abs/2601.2,
2026. https://doi.org/10.48550/arxiv.2601.21595.

W. H. Sugiharto, H. Susanto, and A. B. Prasetijo, “Real-Time Water Quality Assessment via loT: Monitoring pH,
TDS, Temperature, and Turbidity,” Ing. des Syst. d’Information, vol. 28, mno. 4, 2023.
https://doi.org/10.18280/is1.280403.

G. A. Kumar et al., “Hybrid Architecture Based System for the Establishment of Sustainable Environment in a
Construction Site with 433 MHz LoRa and 2.4 GHz Zigbee,” Sustain., vol. 14, no. 10, 2022.
https://doi.org/10.3390/sul4106280.

S. Panda, R. Narayanamoorthi, and S. Dhanalakshmi, “Advanced Real-Time Monitoring System for Marine Net
Pens: Integrating Sensors, GPRS, GPS, and IoT with Embedded Systems,” Micro-Electronics and
Telecommunication Engineering, D. K. Sharma, S.-L. Peng, R. Sharma, and G. Jeon, Eds., Singapore: Springer
Nature Singapore, 2024, pp. 419-435.

S. Fernandes, A. Fialho, J. M. Santos, T. Ferreira, and A. F. Filipe, “Development of a Cost-Effective Multiparametric
Probe for Continuous Real-Time Monitoring of Aquatic Environments,” Sensors, vol. 25, no. 23, 2025.
https://doi.org/10.3390/525237110.

Mrs. V. M. Khanapure, Miss. Nisha Gaikwad, Miss. Harshada Jayatpal, Miss. Shruti Joshi, and Miss Priti Pawar,
“Revolutionizing Agriculture: Smart Agro System using [oT,” Int. J. Adv. Res. Sci. Commun. Technol., 2025.
https://doi.org/10.48175/ijarsct-24942.

P. Sirithummarak and Z. Liang, “Developing a Cross-Platform Application for Integrating Real-Time Time-Series
Data from Multiple Wearable Sensors 1,” Eng. Proc., vol. 58, no. 1, 2023. https://doi.org/10.3390/ecsa-10-16185.
A. Deroussi, A. A. Madi, 1. Alihamidi, Z. Chabou, and A. Addaim, “Plantonome: A Cross-Platform Application for
Precision Agriculture,” in E3S Web of Conferences, 2025. https://doi.org/10.1051/e3scont/202560100022.

S. Nurhaliza, K. A. Putri, Iqlimah Attyyatullatifah, I’zaaz Akhdan Muhadzdzab, and Atigah Meutia Hilda,
“Integration Of Esp32-Cam with Android and IoT Based English-Indonesian Translation Application using Ocr
Technology,” J. Tek. Inform., vol. 5, no. 4, 2024. https://doi.org/10.52436/1 jutif.2024.5.4.1489.

M. Islam, H. M. M. Jamil, S. A. Pranto, R. K. Das, A. Amin, and A. Khan, “Future Industrial Applications: Exploring
LPWAN-Driven IoT Protocols,” 2024. https://doi.org/ 10.3390/524082509.

M. S. M. Rafi, M. Behjati, and A. S. Rafsanjani, “Reliable and Cost-Efficient [oT Connectivity for Smart Agriculture:
A Comparative Study of LPWAN, 5G, and Hybrid Connectivity Models,” 2026. https://doi.org/ 10.1007/978-3-032-
08240-4_33.

O. Elgarhy, L. Reggiani, M. M. Alam, A. Zoha, R. Ahmad, and A. Kuusik, “Energy Efficiency and Latency
Optimization for IoT URLLC and mMTC Use Cases,” [EEE Access, vol. 12, 2024.
https://doi.org/10.1109/ACCESS.2024.3364349.

A. Hassebo, S. Sheikh, and W. Bynoe, “Robust Cellular Connection-Based Smart Street Lighting System for
Supporting Strategic [oT Smart City Applications,” 2024. https://doi.org/ 10.18260/1-2--42199.

K. Ferencz, J. Domokos, and L. Kovacs, “Cloud Integration of Industrial IoT Systems. Architecture, Security Aspects
and  Sample  Implementations,”  Acta  Polytech. Hungarica,  vol. 21, no. 4, 2024.
https://doi.org/10.12700/aph.21.4.2024.4.1.

E. Mabotha, N. E. Mabunda, A. Ali, and B. Khan, “Exploring dynamic RESTful API implementation in IoT
environments using Docker,” Sci. Rep., vol. 15, no. 1, 2025. https://doi.org/10.1038/s41598-025-16460-0.

E. Mabotha, N. E. Mabunda, and A. Ali, “A Dockerized Approach to Dynamic Endpoint Management for RESTful
Application Programming Interfaces in Internet of Things Ecosystems,” Sensors, vol. 25, no. 10, 2025.
https://doi.org/10.3390/s25102993.

G. A. Mutiara, Periyadi, M. R. Alfarisi, M. A. Rifqi Zain, M. G. Rijali, and F. N. Rochim, “Design and
implementation of a REST API-based client-server architecture for multi-sensor IoT monitoring,” Int. J. Adv.
Technol. Eng. Explor., vol. 12, no. 124, 2025. https://doi.org/10.19101/IJATEE.2024.111101934.

M. F. Pratama, T. Andriyanto, and A. S. Wardani, “Design and Build a RESTful API Based Data Integration System,”
Nusant. Eng., vol. 8, no. 01, 2025. https://doi.org/10.29407/noe.v8i01.22831.

R. Ramakrishnan, “Enhancing Data Management with MongoDB and its Rest APL” Int. J. Res. Appl. Sci. Eng.
Technol., vol. 11, no. 7, 2023. https://doi.org/10.22214/ijraset.2023.54593.

A. D. Mishra, B. Thakral, A. Jijja, and N. Sharma, “Real-time Vital Signs Monitoring and Data Management Using
a Low-Cost IoT-based Health Monitoring System,” J. Health Manag., vol. 26, no. 3, 2024.
https://doi.org/10.1177/09720634241246926.

R. P. Shete, A. M. Bongale, and D. Dharrao, “loT-enabled effective real-time water quality monitoring method for
aquaculture,” MethodsX, vol. 13, 2024. https://doi.org/10.1016/j.mex.2024.102906.

J. Hossain, N. A. Algeelani, A. H. Hamood Al-Masoodi, and A. F. A. Kadir, “Solar-wind power generation system


https://doi.org/10.23960/jtep-l.v12i2.470-483
https://doi.org/10.48550/arxiv.2601.21595
https://doi.org/10.18280/isi.280403
https://doi.org/10.3390/su14106280
https://doi.org/10.3390/s25237110
https://doi.org/10.48175/ijarsct-24942
https://doi.org/10.3390/ecsa-10-16185
https://doi.org/10.1051/e3sconf/202560100022
https://doi.org/10.52436/1.jutif.2024.5.4.1489
https://doi.org/%2010.3390/s24082509
https://doi.org/%2010.1007/978-3-032-08240-4_33
https://doi.org/%2010.1007/978-3-032-08240-4_33
https://doi.org/%2010.18260/1-2--42199
https://doi.org/10.12700/aph.21.4.2024.4.1
https://doi.org/10.1038/s41598-025-16460-0
https://doi.org/10.3390/s25102993
https://doi.org/10.19101/IJATEE.2024.111101934
https://doi.org/10.29407/noe.v8i01.22831
https://doi.org/10.22214/ijraset.2023.54593
https://doi.org/10.1177/09720634241246926
https://doi.org/10.1016/j.mex.2024.102906

(48]

[49]

[50]

Hana A. R. et al. /VUBETA Vol 3 No 3 (2026) pp. 562~574 573

for street lighting using internet of things,” Indones. J. Electr. Eng. Comput. Sci., vol. 26, no. 2, 2022. https://doi.org/
10.11591/ijeecs.v26.i2.pp639-647.

“Employee Management System Using React & Python Flask,” Int. J. Progress. Res. Eng. Manag. Sci., 2023.
https://doi.org/10.58257/ijprems31346.

T. Baig, N. R. Chaudhry, R. Choudhary, P. Yadav, Y. A. Shaik, and A. Rashid, “An Edge-Fog—Cloud IoT Framework
for Real-Time Cardiac Monitoring and Rapid Clinical Alerts in Hospital Wards,” Futur. Internet, vol. 18, no. 3, 2026.
https://doi.org/10.3390/f118030130.

A. Morchid et al., “loT-enabled fire detection for sustainable agriculture: A real-time system using flask and
embedded technologies,” Results Eng., vol. 23, 2024. https://doi.org/10.1016/j.rineng.2024.102705.

BIOGRAPHIES OF AUTHORS

Hana A. R. (g 2 He is currently pursuing a Bachelor of Engineering (B.Eng.) in
Electronics Engineering at Universitas Negeri Surabaya. He is an active member of the IEEE
Student Branch at Universitas Negeri Surabaya. His research interests focus on artificial
intelligence. He can be contacted via email at hanaaa.rr.22003@mhs.unesa.ac.id.

Hapsari Peni Agustin Tjahyaningtijas Bd 12 She received the Bachelor of Physics
(B.Sc.) in Physics, Master of Engineering (M.Eng.) in Multimedia Telecommunication, and
Doctoral degree in Electronics Engineering from Institut Teknologi Sepuluh Nopember (ITS),
Surabaya, Indonesia. Her research interests include deep learning, computer vision, and
machine vision. She can be contacted at email: hapsaripeni@unesa.ac.id

Bambang Suprianto E4Bd © He is a lecturer in the Department of Electrical Engineering,
Universitas Negeri Surabaya, Indonesia. He completed his Bachelor’s degree in Electronic
Engineering Education at Universitas Negeri Surabaya in 1986. He obtained his Master of
Engineering degree from Sepuluh Nopember Institute of Technology in 2001 and completed his
Doctorate in Electrical Engineering at the same institution in 2012. His research interests
include power systems, control systems, and electronics. He can be contacted via email at
bambangsuprianto@unesa.ac.id

Lilik Anifah © 4 2 was born in Gresik, East Java, Indonesia in 1979. He received the
B.S. in Engineering Physics, and M.S. and Doctoral degrees in Electrical Engineering from the
Institut Teknologi Sepuluh Nopember in 2007 and 2013. From 2003 to present, she is a lecturer
in Electrical Engineering, Faculty of Engineering, Universitas Negeri Surabaya, Indonesia. Her
research interests include intelligence pattern recognition, applications of artificial intelligence,
image processing, and smart systems.


https://doi.org/%2010.11591/ijeecs.v26.i2.pp639-647
https://doi.org/%2010.11591/ijeecs.v26.i2.pp639-647
https://doi.org/10.58257/ijprems31346
https://doi.org/10.3390/fi18030130
https://doi.org/10.1016/j.rineng.2024.102705
mailto:hanaaa.rr.22003@mhs.unesa.ac.id
mailto:hapsaripeni@unesa.ac.id
mailto:bambangsuprianto@unesa.ac.id

574

Hana A. R. et al. 'VUBETA Vol 3 No 3 (2026) pp. 562~574

Muhammad ‘Aamir Nashrullah & £ B © Received the Bachelor of Engineering (B.Eng.)
and currently pursuing a Master of Engineering (M.Eng.) in Electronics Engineering at
Universitas Negeri Surabaya. He is an active member of the IEEE Student Branch at Universitas
Negeri Surabaya. His research interests focus on artificial intelligence. He can be contacted via
email at 24051505004@mbhs.unesa.ac.id

Andi Kurniawan Nugroho ki 2He is a lecturer in the Department of Electrical
Engineering, Faculty of Engineering, Universitas Semarang. He obtained his Bachelor and
Master degrees in Electrical Engineering and later earned a Doctoral degree from the Institut
Teknologi Sepuluh Nopember. His research interests include medical image and signal analysis,
artificial intelligence-based health technology, Internet of Things (IoT), robotics, machine
learning, and image processing. He has conducted various studies related to stroke classification
using MRI images, deep learning, convolutional neural networks (CNN), and intelligent
healthcare systems.


mailto:24051505004@mhs.unesa.ac.id

