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Abstract

The aim of this activity is to disseminate real-time, 24-hour aquaculture water monitoring
devices remotely at the Salman Assalam Science Islamic Boarding School in Cirebon, West
Java. The Salman Assalam Science Islamic Boarding School manages various types of
tilapia, catfish, and pomfret cultivation ponds used to support the economy and fulfill the
food needs of the students. The activities include planning, implementation, and
evaluation. The results of this activity include the development of a laboratory-level
device, comprising a buoy, solar panels, and electronic modules with several types of
electronic sensors. The device is equipped with a dashboard to observe real-time
measurements in fish ponds, including parameters such as water temperature, dissolved
oxygen, turbidity, pH, air temperature, humidity, battery voltage, total dissolved density,
and solar cell voltage. Data is presented in the form of graphs and tables accessible via a
web browser, allowing partners to access it from laptops or smartphones.
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Mentransformasi pemantauan akuakultur dengan solusi real-time
di Pesantren Sains Salman Assalam, Cirebon

Abstrak

Tujuan kegiatan ini adalah mendiseminasikan perangkat pemantauan air budidaya perikanan
secara real-time selama 24 jam dari jarak jauh di Pesantren Sains Salman Assalam, Cirebon, Jawa
Barat. Pondok Pesantren Sains Salman Assalam telah mengelola berbagai jenis kolam budidaya
ikan nila, lele dan bawal yang dimanfaatkan untuk menyangga perekonomian dan menyokong
pasokan kebutuhan pangan santri. Kegiatan meliputi perencanaan, pelaksanaan dan evaluasi. Hasil
kegiatan ini mencakup pengembangan sebuah perangkat di tingkat laboratorium. Perangkat ini
merupakan satu set alat yang terdiri dari pelampung, panel surya, dan modul elektronika dengan
beberapa jenis sensor elektronik. Perangkat dilengkapi dengan dashboard untuk mengamati hasil
parameter-parameter yang diukur secara real-time pada kolam ikan melalui beberapa jenis sensor
yang terpasang seperti suhu air, Dissolved Oxygen, Turbidity, pH, suhu dan kelembapan udara,
tegangan baterai, total kepadatan yang terlarut dan tegangan solar sel. Data berupa grafik dan tabel
data melalui web browser yang dapat diakses oleh mitra dari laptop maupun smartphone.

Kata Kunci: Budidaya ikan; Water quality monitoring; Kolam; Pesantren
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1. Introduction

Salman Assalam Science Islamic Boarding School, a modern Islamic boarding school in
Cirebon Regency, West Java (Bahijah et al., 2022), faces financial constraints, particularly
in food provision for its numerous financially disadvantaged students, due to cash flow
inconsistencies. A significant opportunity to enhance the school’s operational funds,
especially its food supply, lies in optimizing its existing fish cultivation ponds located
on adjacent private land. This pesantren is part of a local fisheries group managing
tilapia, catfish, and pomfret ponds, where current manual labor practices limit efficiency.

These ponds are irrigated by water from nearby rice fields, with individual areas of 24 x
9 m?, 15 x 10 m?, and 16 x 10 m? for tilapia, catfish, and pomfret, respectively. The three-
stage fish rearing process (seed stocking by an external supplier, grow-out by pesantren
workers, and harvesting/market sale by the supplier) provides supplementary income
for the school’s teachers. To improve efficiency and empower these fish farmers, we
propose integrating a 24/7 remote water quality monitoring system. This technology is
expected to increase food production for the students and generate additional income
for the pesantren by enabling intensive, effective, and accurate pond management.

Prior community engagement initiatives highlight the value of real-time loT-based
water quality monitoring in aquaculture. Institut Teknologi Sumatera (ITERA)
developed a system for tilapia ponds using Biofloc technology, displaying temperature,
turbidity, and pH on a smartphone app for the Sadewa Mandiri group in Lampung
(Ashari et al., 2022). Similarly, ITN Malang implemented IoT sensors to monitor
temperature, acidity, and turbidity for koi farmers in Blitar, including automated feeding
and water management systems (Nurdina et al., 2022). Furthermore, Universitas Yarsi
created a Blynk-based system to monitor temperature, turbidity, and pH in ornamental
tish ponds for the ALTUM Ciseeng group in Bogor, also incorporating a camera for theft
prevention (Sabiq et al., 2022). While these studies confirm the importance of water
quality monitoring, their systems are species-specific and lack mobility. To address these
limitations, our team developed a mobile, floating device capable of monitoring water
quality for multiple fish species using a comprehensive array of sensors. Unlike the
Android-based mobile applications used in the aforementioned studies, our monitoring
system is accessible via a user-friendly website platform, allowing access from various
devices with individual login credentials.

2. Methodology

A pre-existing water quality monitoring device, developed at the laboratory scale, was
deployed in an operational aquaculture setting (tilapia, catfish, and pomfret fish ponds).
Initial field observations in January 2023 involved water sample collection for
subsequent sensor testing conducted between February and March 2023.

2.1. Preparation Phase

Prior to field deployment, the device’s functionality was verified through laboratory
testing, building upon its research and development at the Bandung Institute of
Technology in collaboration with the Indonesia University of Education. This phase also
included coordination with the fish pond owners.

99



Community Empowerment

2.2. Implementation Phase

Field implementation involved device installation and functional validation at the
designated locations, identified through prior planning surveys. Logistical
arrangements were made for transporting the device to the site (Salman Assalam Science
Islamic Boarding School, 206 km from the Bandung Institute of Technology), accessible
by vehicle (Hartanti & Hidayat, 2017). The installation process actively engaged the
target community to facilitate knowledge transfer regarding the proper assembly of the
multi-subsystem device. The community service team ensured the correct operation and
monitoring capabilities of the installed device before leaving it in situ.

2.3. Evaluation Phase

The evaluation involved analyzing the sensor data collected by the water quality
monitoring device. Additionally, unstructured interviews were conducted with the
community to assess their feedback on the device dissemination resulting from this
community service initiative.

3. Results and Discussion

3.1. Program Implementation

Laboratory testing at the Institut Teknologi Bandung confirmed the functional operation
of the developed water quality monitoring device under simulated field conditions
(Figure 1). Subsequently, the research team coordinated the installation logistics with the
pond owner, Ustad Zaki Hidayat, S.Pd., Gr, Head of the Assalam Foundation at the
Salman Assalam Science Islamic Boarding School. The device, comprising a waterproof-
cased electronic module, solar panel mounted on an aluminum frame, and a float (Figure
2) (Bahri et al., 2023; Koparan & Koc, 2017; Trevathan & Schmidtke, 2022; Wang et al.,
2014), was then transported to the site and formally handed over. Installation was
completed on October 24, 2023, with partner involvement to ensure procedural
understanding (Figure 3). Three units were deployed, each placed centrally in separate
ponds dedicated to tilapia, catfish, and pomfret cultivation (Figure 4). The device
integrates data acquisition for water quality parameters and a transmission system for
relaying data to a server and subsequent interface display.
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Figure 1. Coordination and observation before device installation

The device is equipped with several sensors to measure critical parameters in
aquaculture, including pH, Dissolved Oxygen (DO), Total Dissolved Solids (TDS), water
turbidity, air humidity, air temperature, and water temperature. Additionally, the
device’s battery voltage and solar panel voltage can be monitored via dedicated sensors
(Chidolue & Igbal, 2023; Loniza et al., 2016; Pal et al., 2020). Overfeeding can negatively
impact DO levels in ponds due to decreased dissolved oxygen concentration.
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Conversely, during daylight hours, plankton photosynthesis can lead to relatively high
DO values. Therefore, accurate and real-time measurement of this parameter is crucial
for enhancing fish production (Aljehani et al., 2023; Rao et al., 2017; C. Xu et al., 2022; H.
Xu et al., 2016). The float positioned at the bottom of the device allows for flexible
placement of the sensors in the center, edge, or specific coordinates within the pond, as
it can freely float. The device can be repositioned by attaching a rope and pulling it to
the desired location. The solar panel, located at the top, serves as the power source,
eliminating concerns about external power supply around the ponds as it harvests solar
energy during the day. The electricity generated by the solar panel is stored in a battery,
expected to have extended durability.

-
Figure 3. Device installation process

Figﬁire 4. Simulation of the installed device

3.2. Evaluation and Discussion

The partner positively responded to this technological advancement in fish farming, as
their previous traditional aquaculture methods involved entirely manual operations,
particularly in water quality management. One partner’s feedback was as follows:
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“I am very pleased with this tool because it can help to measure water quality in fish ponds.
I hope it can increase the production quality of fish, as it is a source of consumption and
income for the Islamic boarding school.”

Previously, the partner relied on conventional methods for water quality checks, such as
repeated manual water sampling for pH testing. Although seemingly minor, these
manual activities consumed significant time, effort, and even costs if someone was hired
for the task. Consequently, they often experienced delays in addressing sudden,
undesirable changes in water quality, leading to decreased fish productivity.

On the other hand, all fish species are sensitive to water temperature, pH, turbidity, and
other parameters. Inaccurate manual measurements can cause fish to lose appetite,
resulting in low productivity. Inappropriate pH levels can lead to aquaculture failure
(Nursobah et al., 2022). This device enables accurate measurements as it has been
calibrated and laboratory-tested, ensuring its measurement functions align with
standardized tools commonly used by fish farmers in the program’s target community.
Fish farmers can also save considerable effort by eliminating manual measurement
activities. This device has been adapted for ponds with three different fish species:
pomfret, catfish, and tilapia.

The dissemination of this device represents technology adoption as an effort to promote
smart aquaculture for fish farmers in ponds, offering benefits such as human labor
efficiency, effectiveness (increased production), and environmental friendliness.
Optimal pond management is a crucial factor supporting successful fish farming,
ensuring that production aligns with market demands (Isa et al., 2021). This community
service activity also contributes to sustainable regional development (Permatasari et al.,
2018) through the integration of technology in the pesantren’s fisheries sector, thereby
supporting community economic development (Susmawati et al., 2022). One partner
commented, expressing hope for the sustainability of this initiative and support from
stakeholders, including the government for operational funding and institutions for
technology provision and knowledge transfer regarding its use. This aligns with the
view of Yuliandani (2017) that stakeholders play a vital role in sustainable regional
development.

The hope for the partners is that this device will enable them to produce fish yields that
meet local market targets, thereby supporting the pesantren’s economic independence,
particularly in ensuring sufficient food supply for the students. The positive impacts of
using this device include cost savings, reduced human resource needs, increased
productivity, and lower risks. Regular monitoring by fish farmers is necessary to ensure
pond water quality meets the needs of the fish (Ramdhani et al., 2023), as poor water
quality can lead to reduced appetite and disease (Kilawati et al., 2021). Furthermore,
capacity building efforts are needed as a follow-up to this activity, similar to those
conducted by Rosyidi et al. (2021) for similar community service initiatives related to
water quality management, which can be integrated through the utilization of Internet
of Things (IoT) based technology.

This technology dissemination activity has demonstrated the significant impact of
technology adoption on community quality of life, including increased productivity. For
example, similar community service initiatives using loT for catfish farmers have
provided substantial benefits in reducing wastewater in catfish ponds, yielding
promising results for the target community. The implication of optimal harvests is the
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resulting economic value, where optimal sales of the harvest can be achieved (Sari et al.,
2023; Ujianti et al., 2022).

(> A patinku.com/dashboard/c (3 A patinku.com/dashboard/c @

Figure 5. Post-installation device evaluation activity

After the device installation on October 24, 2023, the team conducted testing and
evaluation to ensure the water quality monitoring device operated correctly before
leaving it in place. The device was connected to a web browser application at
http:/ /patinku.com/login. Following a specific procedure, the device could then be
monitored via a smartphone accessing the website. The web browser displayed device
information, location, and mode. Monitoring results showed that the measurement of
critical parameters could be performed remotely, anytime and anywhere with internet
access. For example, on October 30, 2023, at 06:11 WIB, the measured values were: WT =
27.5°C, TDS =130, AH = 98, and so forth. Subsequently, on the same date, around 06:58
WIB, the values for WT, TDS, and AH changed to 27.3 °C, 129, and 27, respectively.

Figure 5 illustrates the monitor mode displaying quantitative data from the nine
installed sensors on the device: WT = Water Temperature, O2 = Dissolved Oxygen, TRB
= Turbidity, PH = pH level, AT = Air Temperature, AH = Air Humidity, VB = Voltage
of Battery, VSC = Voltage of Solar Cell, and TDS = Total Dissolved Solids. The
presentation shows the sensor data in graphical mode, with the y-axis representing the
measurement results and the x-axis representing time.

4. Conclusion

The dissemination and initial operationalization of an automated water quality
monitoring device for fish farming at Salman Assalam Science Islamic Boarding School,
Cirebon Regency, West Java, have been successfully conducted. The system integrates
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multiple sensors (pH, DO, TDS, turbidity, air/ water temperature, air humidity, voltage)
for continuous and remote surveillance, accessible through a web-based interface for
timely management responses. This initial phase confirmed device functionality. Future
research should focus on a comprehensive follow-up program encompassing regular
monitoring, maintenance strategies, and user training on SOPs (supported by a detailed
manual). Furthermore, longitudinal studies are required to evaluate the long-term
impact of this technology on fish production yield and quality, providing valuable
insights for future device iterations and broader implementation.
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