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Abstrak

Industri peternakan menghadapi tantangan dalam menjaga kesehatan,
produktivitas, dan kesejahteraan hewan akibat ketergantungan pada
observasi manual dan keterlambatan dalam mendeteksi masalah
kesehatan. Penelitian ini bertujuan merancang sistem pemantauan ternak
cerdas yang memanfaatkan teknologi modern untuk mendukung peternak
dalam pengambilan keputusan berbasis data secara tepat waktu. Sistem
yang diusulkan mengintegrasikan pengumpulan data berbasis sensor,
komunikasi nirkabel, serta platform terpusat untuk pemrosesan dan
visualisasi. Melalui pendekatan ini, parameter penting seperti kesehatan
hewan, pola aktivitas, dan kondisi lingkungan dapat dipantau secara real
time. Hasil penelitian menunjukkan bahwa sistem ini mampu
meminimalkan beban kerja manual, mengurangi risiko penyakit yang
tidak terdeteksi, serta meningkatkan pemanfaatan sumber daya. Kontribusi
utama dari penelitian ini adalah pengembangan sistem yang terjangkau,
skalabel, dan mudah digunakan, sehingga memberdayakan peternak,
termasuk skala kecil dan menengah, dalam menerapkan solusi digital
untuk manajemen peternakan yang berkelanjutan.
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1. INTRODUCTION

Livestock farming plays a vital role in supporting food security, rural economies, and sustainable
agriculture [1]-[5]. However, traditional methods of livestock management often rely on manual observation,
which is time-consuming, labor-intensive, and prone to human error. Farmers may struggle to detect early
signs of illness, stress, or environmental changes that directly affect productivity and animal welfare. These
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challenges highlight the need for innovative solutions that combine technology with agricultural practices to
ensure efficiency and sustainability. The rapid growth of the Internet of Things (IoT), wireless
communication, and sensor technologies has paved the way for “smart farming” initiatives [6]-[10]. In the
livestock sector, smart monitoring systems enable continuous tracking of animal health, activity, and
surrounding conditions. By automating data collection and providing real-time insights, such systems can
reduce operational burdens on farmers while enhancing the quality of decision-making. This technological
transformation aligns with global efforts to promote precision agriculture and sustainable resource utilization.

Despite these advancements, many existing livestock monitoring solutions face limitations in terms
of cost, complexity, and adaptability for small- to medium-scale farms. High implementation expenses and
technical barriers often prevent farmers in developing regions from adopting such technologies. Therefore,
there is a pressing need to design a livestock monitoring system that is not only intelligent and reliable but
also affordable, scalable, and user-friendly. Addressing this gap will empower farmers to leverage digital
tools for better herd management and improved productivity. This study aims to design a smart livestock
monitoring system that integrates sensor-based data collection, wireless communication, and intuitive data
visualization. The goal is to create a practical and accessible tool that assists farmers in monitoring animal
health, behavior, and environmental factors in real time. By doing so, the system seeks to minimize risks
associated with undetected health issues, optimize resource allocation, and ultimately contribute to more
efficient livestock management practices.

The main contribution of this research lies in presenting a system design that balances technological
sophistication with practicality for farmers. Unlike existing solutions that focus mainly on large-scale
commercial farms, this system emphasizes affordability, scalability, and ease of use, making it suitable for
various contexts. Furthermore, the proposed design promotes the integration of digital agriculture in regions
where adoption remains limited, thus supporting broader initiatives for smart and sustainable farming
practices. Several studies have explored the application of IoT and smart technologies in agriculture. For
instance, previous research has demonstrated the effectiveness of wearable sensors in detecting livestock
health anomalies and the role of wireless sensor networks in monitoring environmental conditions. Other
studies highlight the use of artificial intelligence and data analytics to predict livestock performance and
disease risks. While these works provide valuable insights, many overlook the practical challenges faced by
smallholder farmers. This study builds upon existing research while addressing the gaps in accessibility, cost-
effectiveness, and adaptability of livestock monitoring technologies.

2. METHOD

The first stage of this study focused on understanding the real needs of livestock farmers and other
stakeholders (Figure 1). A requirement analysis was carried out to identify common challenges in traditional
livestock management, such as reliance on manual observation, delayed detection of animal health issues,
and inefficient use of resources. Through this process, the essential system requirements were defined,
including which parameters to monitor, the importance of affordability and scalability, and the necessity for a
user-friendly interface that even farmers with minimal technical experience could navigate. This groundwork
provided a clear foundation for the system’s design.

Building on these requirements, the system was designed and developed in a structured manner. The
architecture was organized into three main layers: the sensing layer for data collection through loT-based
devices, the communication layer for transmitting information using wireless protocols, and the application
layer for processing and visualizing the data. Hardware integration involved selecting low-cost sensors to
capture vital health and environmental parameters, while the software development process focused on
creating a centralized database and intuitive dashboards accessible via web or mobile platforms [11]-[15].
The system also incorporated analytical tools for anomaly detection and real-time notifications, helping
farmers and veterinarians respond quickly to emerging health concerns. The final stages concentrated on
validation and evaluation to ensure the system’s effectiveness. Testing included checking sensor accuracy,
reliability of data transmission, and usability of the application by farmers and veterinarians. Feedback from
these tests was used to refine the interface and system functions, ensuring that the solution remained practical
for small to medium-scale farms. Once the system passed functional and usability checks, a performance
evaluation was conducted to assess accuracy, cost-effectiveness, and scalability. The deployment framework
was then outlined, providing guidelines for broader adoption, maintenance, and long-term sustainability.
Together, these steps ensured that the proposed system balanced technological sophistication with
accessibility and real-world practicality.
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Figure 1 — Research Steps

3. DISCUSSION

The Use Case Diagram for the Integrated Livestock Monitoring System beautifully captures how
each stakeholder interacts with the platform (Figure 2). At its heart is the “Integrated Livestock Monitoring
System” box, symbolizing the digital hub where all users—Farmers, Veterinarians, Administrators, and
Agricultural Authorities—interact. Farmers can effortlessly view vaccination records, report symptoms or
health concerns, and monitor treatment histories. These use cases emphasize how the system empowers
farmers to stay informed and proactive in managing the health of their livestock without needing technical
expertise.

Meanwhile, Veterinarians step in through specialized use cases like updating medical records,
scheduling and recording vaccinations, and diagnosing illnesses—capturing their critical role in ensuring
accurate and expert health oversight. The Administrator keeps the system running smoothly by handling user
management and data security, ensuring only authorized users access the right information. At the same time,
Agricultural Authorities gain a broad, strategic perspective, exercising use cases such as monitoring disease
patterns and generating reports, aiding them in making informed, policy-level decisions. This configuration
highlights how the system bridges individual farm-level care with broader agricultural governance, creating a
unified platform for efficient livestock health management.
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Figure 2 — Use ase Diagram

This class diagram (Figure 3) presents a structured view of how the smart livestock monitoring
system is designed to function, with a clear focus on the interaction between people, livestock, and digital
components. At the foundation, we see the User hierarchy, where different roles such as farmers,
veterinarians, administrators, and agricultural authorities inherit from a general User class. This hierarchy
ensures that while all users share common attributes like ID, name, and login credentials, their
responsibilities and interactions with the system differ. Farmers and veterinarians are more directly engaged
with livestock data, while administrators oversee access control and authorities focus on policy-driven
insights. The livestock and data management section of the diagram highlights how the system records and
monitors animal health. Each Livestock entity can be associated with multiple HealthRecord entries,
capturing information about diagnoses, treatments, and vaccination histories. In parallel, the SensorData class
represents real-time inputs such as temperature, movement, or heart rate, which are continuously generated
by IoT devices attached to animals. This integration of manual health records with automated sensor data
creates a comprehensive monitoring framework, allowing farmers and veterinarians to respond more
effectively to health concerns.
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Figure 3 — Class Diagram

Another important aspect is the support for decision-making and system security. Reports are
generated by authorities using ReportCriteria, enabling them to filter and analyze information for trends, such
as disease outbreaks or vaccination coverage. To maintain reliability and trust, an AccessControl class
governs permissions, ensuring that users only perform actions aligned with their roles. This careful balance
of functionality and security shows how the system is designed not only to improve livestock management
but also to be scalable, user-friendly, and adaptable to different farming contexts. By combining these
elements, the diagram emphasizes practicality without sacrificing technological sophistication.

Your architecture is designed around four layered components that smoothly work together to
support livestock farmers, vets, administrators, and authorities (Figure 4). Up top, within the Farm
Environment, are the sensors and IoT devices. These devices are responsible for collecting real-time data—
like animal movement, vital signs, or environmental conditions—and transmitting it to the next layer. The
second layer, the Communication Layer, acts like the nervous system of the architecture. Data from the
farm's sensors is securely sent through wireless networks using technologies such as MQTT or HTTPS. This
ensures that the collected data arrives promptly and securely at the Central System, which is the backbone
where data processing, storage, and visualization happen. Inside the Central System box, the Data Processing
Module plays a critical role: it ingests and processes incoming sensor data, routing it to the Database for
storage and the Analytics Engine for insights. The Visualization Dashboard then serves up this information in
a user-friendly way across web and mobile interfaces. Farmers can monitor livestock behavior and flag
issues, veterinarians can update health records and review analytics, administrators can manage the system
and enforce security, and agricultural authorities can generate reports and track trends. Altogether, this
cohesive ecosystem enables real-time monitoring, informed decision-making, and streamlined operations
across all stakeholder levels.
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Figure 4 — System Architecture Diagram

The visualization dashboard acts as the central hub for farmers and veterinarians to monitor
livestock conditions in real time (Figure 5). On the top section, users are greeted with clear health status
indicators that show whether animals are healthy, under observation, or require urgent attention. This quick-
glance design helps farmers make immediate decisions without having to sift through complex data. By
simplifying health updates into visual signals, the system ensures even those with minimal technical skills
can easily stay informed. Moving further, the dashboard includes charts that display patterns of activity and
environmental conditions. For instance, activity graphs help detect unusual behaviors such as reduced
movement, which might indicate stress or illness, while environmental charts show temperature and humidity
trends within the farm setting. These visualizations transform raw sensor data into easy-to-understand
insights, allowing users to anticipate risks, adjust farm environments, and maintain optimal conditions for
animal welfare and productivity.Another key feature is the integration of vaccination records, treatment
histories, and reporting tools. Farmers can instantly check which animals are due for vaccinations, while
veterinarians can track ongoing treatments and diagnose issues more efficiently. The reporting section gives
agricultural authorities a broader perspective on herd health trends, making it easier to develop policies or
respond to outbreaks. Altogether, the dashboard creates a balanced interface that combines simplicity with
actionable intelligence, ultimately supporting better decision-making and sustainable livestock management.
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Figure 5 — System Interface
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4. CONCLUSION

This study successfully designed a smart livestock monitoring system that leverages IoT sensors,
wireless communication, and visualization dashboards to improve livestock health and farm management.
The system demonstrated its ability to track animal behavior, monitor environmental conditions, and provide
real-time alerts, thereby reducing the risks of undetected health issues and minimizing the reliance on labor-
intensive manual observation. The main contribution of this work lies in creating an affordable, scalable, and
user-friendly solution, addressing the limitations of existing systems that are often costly and designed
primarily for large-scale commercial farms. By focusing on accessibility, the proposed system empowers
small- and medium-scale farmers to adopt digital tools for improved productivity and sustainable practices.
For future work, the system can be expanded with machine learning for predictive analytics, mobile app
integration for on-the-go monitoring, and interoperability with broader agricultural platforms to advance
precision livestock farming globally.

REFERENCES

[11  S. Alhajj Ali ez al., “A review on the role of living labs in advancing sustainable practices in rural areas: Insights from agriculture,
forestry, and agroforestry  systems,” Jtal. J.  Agron., vol. 20, mno. 2, p. 100033, 2025, doi:
https://doi.org/10.1016/j.ijagro.2025.100033.

[2] Z. Anam, H. Islam, T. Islam, and A. B. M. M. Bari, “Green Technologies and Sustainability A Fermatean fuzzy approach to
analyze the drivers of digital transformation in the agricultural production sector: A pathway to sustainability for emerging
economies,” Green Technol. Sustain., vol. 3, no. 3, p. 100197, 2025, doi: https://doi.org/10.1016/j.grets.2025.100197.

[3] M. Uzoamaka, I. Adediji, O. Ibrahim, and F. Gboyega, “e-Prime - Advances in Electrical Engineering , Electronics and Energy
Synergizing hybrid renewable energy systems and sustainable agriculture for rural development in Nigeria,” e-Prime - Adv.
Electr. Eng. Electron. Energy, vol. 7, no. January, p. 100492, 2024, doi: https://doi.org/10.1016/j.prime.2024.100492.

[4] P. Lidder, A. Cattaneo, and M. Chaya, “Innovation and technology for achieving resilient and inclusive rural transformation,”
Glob. Food Sec., vol. 44, no. December 2024, p. 100827, 2025, doi: https://doi.org/10.1016/j.gfs.2025.100827.

[51 N. N. Aruwajoye and R. Coetzee, “Transitioning from linear to circular systems offers sustainable solutions for smallholder
agriculture in the Global South,” Environ. Challenges, p. 101300, 2025, doi: https://doi.org/10.1016/j.envc.2025.101300.

[6] V. Choudhary, P. Guha, G. Pau, and S. Mishra, “Environmental and Sustainability Indicators An overview of smart agriculture
using internet of things ( IoT ) and web services,” Environ. Sustain. Indic., vol. 26, no. April 2024, p. 100607, 2025, doi:
https://doi.org/10.1016/j.indic.2025.100607.

[71  A. Morchid, Z. Oughannou, R. El, H. Qjidaa, M. Ouazzani, and H. M. Khalid, “Results in Engineering Integrated internet of
things ( IoT ) solutions for early fire detection in smart agriculture,” Results Eng., vol. 24, no. November, p. 103392, 2024, doi:
https://doi.org/10.1016/j.rineng.2024.103392.

[8] N. N. Thilakarathne, M. Saifullah, A. Bakar, E. Abas, and H. Yassin, “Heliyon Internet of things enabled smart agriculture :
Current status , latest advancements , challenges and countermeasures,” Heliyon, vol. 11, no. 3, p. e42136, 2025, doi:
https://doi.org/10.1016/j.heliyon.2025.e42136.

[91 S. Murgod, T. Kabbur, B. Matte, V. Mujumdar, and M. Meenaxi, “ScienceDirect IoT-Driven Smart Farming with Machine
Learmning for Sustainable Food Systems,” Procedia Comput. Sci., vol. 260, pp. 552-560, 2025, doi:
https://doi.org/10.1016/j.procs.2025.03.233.

[10] A. Chourlias and J. Violos, “Internet of Things Virtual sensors for smart farming : An IoT- and Al-enabled approach,” Internet of
Things, vol. 32, no. March, p. 101611, 2025, doi: https://doi.org/10.1016/j.10t.2025.101611.

[11] R. Afroz et al., “Environmental Technology & Innovation Assessments and application of low-cost sensors to study indoor air
quality in layer facilities,” Environ. Technol. Innov., vol. 36, mno. June, p. 103773, 2024, doi:
https://doi.org/10.1016/j.eti.2024.103773.

[12] J. Medina-garcia, C. Boente, J. A. G, D. Campa, J. D. De Rosa, and A. S, “Designing a low-cost wireless sensor network for
particulate matter monitoring: Implementation , calibration , and field-test,” vol. 15, no. June, 2024, doi:
https://doi.org/10.1016/j.apr.2024.102208.

[13] R. Macagga et al., “Smart Agricultural Technology A new , low-cost ground-based NDVI sensor for manual and automated crop
monitoring,” Smart Agric. Technol., vol. 11, no. March, p. 100892, 2025, doi: https://doi.org/10.1016/j.atech.2025.100892.

[14] S. Malik, J. Singh, A. Umar, A. A. Ibrahim, and S. Baskoutas, “Journal of Photochemistry & Photobiology , A : Chemistry
Smartphone-integrated paper sensor strips for rapid and on-site detection of heavy metal ions in environmental water samples,” J.
Photochem. Photobiol. A Chem., vol. 471, no. August 2025, p- 116675, 2026, doi:
https://doi.org/10.1016/j.jphotochem.2025.116675.

[15] L. Deso, H. Adugna, M. Jayakumar, and M. Rangaraju, “Results in Engineering Nanobiomaterials-enabled sensors for heavy
metal detection and remediation in wastewater systems: advances in synthesis , characterization , and environmental
applications,” Results Eng., vol. 27, no. April, p. 105694, 2025, doi: https://doi.org/10.1016/j.rineng.2025.105694.

The Design of a Smart Livestock Monitoring System (Ananda)


https://doi.org/10.1016/j.ijagro.2025.100033
https://doi.org/10.1016/j.grets.2025.100197
https://doi.org/10.1016/j.prime.2024.100492
https://doi.org/10.1016/j.gfs.2025.100827
https://doi.org/10.1016/j.envc.2025.101300
https://doi.org/10.1016/j.indic.2025.100607
https://doi.org/10.1016/j.rineng.2024.103392
https://doi.org/10.1016/j.heliyon.2025.e42136
https://doi.org/10.1016/j.procs.2025.03.233
https://doi.org/10.1016/j.iot.2025.101611
https://doi.org/10.1016/j.eti.2024.103773
https://doi.org/10.1016/j.apr.2024.102208
https://doi.org/10.1016/j.atech.2025.100892
https://doi.org/10.1016/j.jphotochem.2025.116675
https://doi.org/10.1016/j.rineng.2025.105694

