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The integration of technology in agriculture has led to the adoption of smart
farming systems, which are becoming increasingly popular for optimizing
resources, reducing labor costs, and improving efficiency. This article
presents a design of a smart cattle monitoring farm system, which focuses on
monitoring individual animal behavior and health, improving resource
management, and optimizing overall farm efficiency. The proposed system
integrates various internet of things (loT) sensors, communication
technologies, and cloud computing to provide a real-time monitoring solution
for cattle farms. The system uses machine learning (ML) algorithms to analyze
data on cattle behavior, health, and performance, which can be accessed through
web and mobile applications by farmers to proactively monitor their herd. The
adoption of the system promises good results for intelligently transforming
traditional cattle farming by reducing manual monitoring time and achieving a
good accuracy in early detection of diseases, automated tracking of estrus

cycles, and location mapping of cattle across the farm fields.
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1. INTRODUCTION

The global demand for food products is on the rise, putting significant pressure on farmers to increase
their production efficiency, particularly livestock [1]. Additionally, climate change and the scarcity of natural
resources necessitate the development of more sustainable and efficient farming practices [2]. Precision
livestock farming (PLF) has emerged as a solution to these challenges, incorporating technology to optimize
the management of individual animals and enable data-driven decision-making [3].

Agriculture is an essential sector that contributes significantly to the economy of every nation [4]. In
recent times, there has been a growing interest in smart farming systems, which use advanced technologies to
enhance agricultural productivity, reduce resource usage, and promote sustainable farming practices [5]. Cattle
monitoring is a vital aspect of livestock farming, and it is crucial for livestock farmers to keep track of the
health, behavior, and location of their animals [6].

Traditional cattle farming practices face numerous challenges, including increasing demand for food
production, limited resources, and growing concerns about animal welfare and environmental impact [7]. To
address these issues, there has been a surge of interest in the development and implementation of smart agriculture
technologies [8]. One promising area is the development of smart monitoring systems for cattle farms [9].

Raising livestock like cattle requires close monitoring and management to optimize health, growth,
and productivity [10]. Traditional cattle monitoring on farms is a labor-intensive process where farmers must
manually check on each individual cow regularly [11]. The emergence of internet of things (1oT) technologies,

Journal homepage: http://ijeecs.iaescore.com


https://creativecommons.org/licenses/by-sa/4.0/

858 a ISSN: 2502-4752

such as sensors, connectivity, cloud platforms, and artificial intelligence (Al) techniques like machine learning
(ML), enables smart cattle monitoring with much less human intervention [12].

In recent years, the integration of technology in agriculture has been rapidly growing [13]. Smart
farming systems are becoming increasingly popular. Especially for their ability to optimize resources, reduce
labor costs, and improve overall efficiency [14].

A smart cattle monitoring farm system aims to improve farm productivity, animal welfare, and resource
management by using advanced technologies to collect and analyze data in real-time [15]. These systems typically
rely on a combination of 10T devices, ML algorithms, and cloud-based services to monitor cattle health, behavior,
and environmental conditions [16]. The smart cattle monitoring farm system aims to transform traditional cattle
farming by data-driven decision-making, and automation of various processes [17].

This paper proposes a complete smart cattle monitoring system using loT and Al techniques. The
system consists of cattle mounted 10T sensors like GPS tags, temperature sensors, accelerometer trackers that
continuously send data to a cloud platform. The raw sensor data is then processed and analyzed using ML
algorithms to gain insights into cattle health, behavior, and location. Farmers can access visualized reports and
real-time alerts through web and mobile applications to proactively monitor their herd. The system focuses on
monitoring the health and behavior of individual cattle, improving resource management, and increasing overall
farm efficiency. The paper will discuss the main components of the system, including monitoring devices, data
collection and processing, communication protocols, and decision-making techniques.

2. METHOD

The smart cattle monitoring farm system can be divided into five main layers: sensing, data acquisition
and processing, data analysis and decision-making, visualization and communication layers. These layers are
depicted in Figure 1. The following sections describe these layers in detail.
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Figure 1. A general overview of the system layer

3. RESULTS AND DISCUSSION

In this section, we provide a detailed description of all the components comprising the proposed
system. The discussion is organized into several sub-sections for clarity and comprehensiveness. Each sub-
section delves into specific aspects of the system, offering comprehensive insights into its functions.
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3.1. Sensing layer

The sensing layer consists of various monitoring devices that collect data on individual cattle and the
farm environment [18]. Data collection is achieved using a variety of IoT devices strategically placed
throughout the farm. These devices include sensors for monitoring environmental conditions (e.g., temperature,
humidity, air quality pressure), wearable devices for monitoring cattle health and behavior (e.g., GPS trackers,
accelerometers, heart rate monitors), and cameras for visual monitoring of cattle and farm infrastructure Figure 2.
These devices can be divided into two categories: wearable and non-wearable sensors.
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Figure 2. Sensing layer

3.1.1. Wearable sensors
Wearable sensors are attached to the animals and provide real-time data on their physiological and
behavioral parameters. The wearable sensors are included in Table 1. It outlines their functionalities and use cases.

Table 1. Wearable sensors

Sensors

Functionalities

GPS trackers

Accelerometers
Temperature
and humidity

Pressure

Heart rate

RFID tags

These devices are attached to the animal's collar or ear tag and provide location data, allowing farmers to track
animal movements and grazing patterns.

These sensors measure the animal's movement in three axes and can be used to detect various behaviors such as
walking, standing, lying, eating, and rumination.

These sensors help monitor the environment within barns or outdoors, enabling farmers to maintain optimal
conditions for cattle welfare and productivity.

These sensors play an important role in smart cattle monitoring systems by providing a means of measuring and monitoring
the weight and movement of individual animals within a herd. They can be used to track the feeding and drinking habits
of cattle, monitor their overall health and welfare, and identify potential issues before they become serious.

These sensors measure the animal's heart rate, providing information on their fitness and stress levels. This
information can be used to identify potential health issues, which may require veterinary attention.

By attaching RFID tags to the cattle herd, farmers can uniquely identify each animal, track their movements, and
collect data on various parameters, such as milk production, weight gain, and health status.

3.1.2. Non-wearable sensors

Data on environmental parameters and animal behavior is collected by non-wearable sensors installed
in the farm environment. These sensors offer insights into the conditions of the farm and the behavior of the
animals. A selection of commonly used non-wearable sensors can be found in Table 2.

Table 2. Non-wearable sensors

Sensors

Functionalities

Video and
image
Microphones
Weight scales
Feed and water
intake
Electronic gates

Infrared
thermography

Air quality

Cameras can be used to monitor cattle behavior, welfare, and productivity visually. Computer vision techniques can be
applied to analyze images and videos, enabling automated detection of events such as calving, mating, or signs of illness.
These sensors capture audio data and can be used to detect vocalizations associated with stress or illness.

These devices measure the animal's weight, allowing farmers to track growth and detect potential health issues.
These sensors monitor the consumption of feed and water, providing information on the animal’s nutritional status.

These gates provide means of controlling the movement of cattle and collecting data on their behavior. These gates
can be equipped with sensors that detect when a cow passes through, allowing for individual identification and
tracking of each animal's movements.

These cameras plays an important role in smart cattle monitoring systems by providing an effective way to monitor
the health and well-being of individual animals in a herd. This technology uses infrared cameras to detect and measure
the heat emitted by the bodies of cattle, which can be an indicator of various health conditions.

These sensors play an important role in smart cattle monitoring systems by providing a means of monitoring and
controlling the environment within the barn or other housing facilities where cattle are kept. These sensors can
detect and measure the levels of various pollutants, gases, and other environmental factors that can affect the health
and comfort of the animals.
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3.2. Data acquisition and processing layer

The data acquired by sensors needs to be processed and analyzed to extract useful insights. Data
acquisition and processing components of the smart farm system are designed to efficiently gather, store, and
preprocess data from the sensors in real-time. The data from the sensors would be collected and processed
using a edge computing devices, which would preprocess the data and send it to the clou d or local server for
further analysis Figure 3. Further details on the data acquisition and processing components are provided in
the subsections below.
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Figure 3. Data acquisition and processing layer
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3.2.1. Data acquisition system

Once the sensors collect data, the next step is to acquire it. A data acquisition system is responsible
for receiving data from sensors and aggregating it into a usable format. For that, we are using edge computing
devices. Edge computing devices are typically small, low-power devices that are placed near the sensors and
other data sources, allowing them to collect data in real-time without the need for centralized processing or
storage. This enables faster and more efficient data acquisition, as well as improved data security and privacy [19].

3.2.2. Data processing system

After acquiring data, it needs to be processed to extract meaningful insights. Data processing involves
cleaning, filtering, and analyzing data. Later, ML algorithms can be used to detect anomalies, predict patterns,
and identify potential health issues in cattle.

The data processing layer is responsible for storing, processing, and analyzing the data collected by
the sensing layer. This layer typically consists of a combination of edge computing devices (e.g., gateways,
microcontrollers) and cloud-based servers. The data processing layer performs several functions included in
Table 3.

Table 3. Data processing layer components
Units Functions
Data storage The collected data is stored in databases or cloud storage platforms for long-term archiving and future analysis. The
data storage component is responsible for storing the pre-processed data and the results of the ML algorithms. This
component is implemented using cloud-based services to ensure scalability, reliability, and security. The data storage
component also provides APIs for accessing the stored data, enabling integration with other farm management
systems and visualization tools.
Data Raw data is cleaned, normalized, and transformed to a suitable format for analysis. The data processing component
preprocessing is responsible for pre-processing the raw data collected from IoT devices and transforming it into a structured format
suitable for storage and analysis. This includes tasks such as data cleaning, normalization, and feature extraction.
Smart cattle monitoring systems generate vast amounts of data that need to be stored and processed efficiently. Data
processing can be performed using big data platforms like Hadoop and Spark, which support the analysis of large
datasets in parallel and real-time.
Cloud The data collected from the sensors can be analyzed and processed in real-time, with insights presented on a
computing dashboard or mobile app for farm managers. The data should be stored in a cloud-based system, which allows for
easy access. The data would be stored in a cloud-based storage solution such as Amazon Web Services (AWS),
Google Cloud Platform (GCP), or Microsoft Azure, where it can be analyzed and processed. The cloud computing
infrastructure provides storage and computing resources for the collected data. The cloud computing platform can
be used to analyze the data collected by the sensors to identify patterns and trends in the behavior and health of the
cattle. ML algorithms can be used to analyze the data and provide insights into the health and behavior of the cattle.
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3.3. Data analysis and decision-making layer

The data analysis and decision support component is responsible for providing actionable insights and
recommendations to farmers based on the collected data and the results of ML and deep learning algorithms.
This includes tools for visualizing and exploring the data. As well as advanced analytics capabilities, such as
predictive modeling and optimization algorithms Figure 4.
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Figure 4. Data analysis and decision-making layer

The decision support component also includes a user-friendly interface for managing the system,
configuring loT devices, and accessing the collected data. The decision-making layer involves the analysis of
collected data using Al and ML algorithms. This layer can be further divided into several units included in
Table 4.

Table 4. Decision-making layer components

Units Functions
Feature Extraction Relevant features are extracted from the preprocessed data using various ML techniques.
Data Analysis Al and ML algorithms are used to analyze the data and generate insights about cattle health, behavior, and

farm management.
Anomaly detection The system can detect deviations from normal patterns, which may indicate health issues or other problems.

The decision-making layer uses insights gained from data analysis to make informed decisions about
farm management and cattle care [20]. Examples of decisions that can be made using smart cattle monitoring
systems include: identifying sick or injured cattle and providing appropriate medical care, adjusting feeding
schedules and rations based on individual cattle needs, detecting signs of heat stress and taking preventive
measures and optimizing grazing patterns and pasture management. These examples highlight the diverse
applications of smart cattle monitoring systems in enhancing farm operations and animal welfare.

The decision-making processing component applies ML algorithms to the pre-processed data to
identify patterns and detect anomalies. For example, algorithms for activity recognition can be used to classify
cattle behavior (e.g., grazing, resting, walking). While algorithms for anomaly detection can be used to identify
potential health issues or environmental problems.

3.4. Visualization layer

A user interface that displays the collected data, insights, and alerts to farmers is designed with an
intuitive and user-friendly interface to help quick decision-making. A user-friendly dashboard or mobile app
would be developed to display the collected data, insights, and alerts to farmers. The interface would allow
farmers to view the current status of their herd and make informed decisions Figure 5.
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Figure 5. Visualization layer

A user-friendly dashboard is essential to display insights to farmers. The dashboard should display
information in a clear and concise manner, highlighting any issues that need attention, such as cattle health
problems, feed consumption, and other parameters that may impact production. By providing a comprehensive
overview, the dashboard enables farmers to make decisions and take prompt action for improved farm management.

Real-time information on the health, behavior, and location of cattle can be conveniently accessed by
farmers through mobile applications. These applications can be accessed from smartphones or tablets, offering
farmers the flexibility to stay updated on their cattle's well-being. Additionally, the mobile applications can
provide alerts and notifications whenever anomalies are detected in the data collected by the sensors, ensuring
prompt attention to any issues that may arise.

The smart farm system should have automation capabilities to automate tasks such as feeding,
watering, or cleaning the barn. This can help reduce labor costs and improve efficiency. For example, sensors
could detect when a feeding trough is empty and trigger an automated feeding system.

Based on the decisions made, control systems are employed to automate various processes and tasks
on the farm. Examples of such automation include: automated feeding systems that adjust rations and schedules
based on individual cattle needs, climate control systems that maintain optimal temperature and humidity levels
in the barn, robotic milking systems that optimize milking frequency and reduce labor costs. These examples
illustrate how control systems contribute to streamlining operations and improving productivity on the farm.

The control system is responsible for controlling various aspects of the farm, such as lighting,
temperature, and feeding. This system is integrated with the monitoring system to provide automated control
based on data insights. This integration ensures that farm operations are optimized and responsive to real-time
conditions, enhancing efficiency and effectiveness.

The system to send alerts and notifications to farm managers if unusual activity is detected. This can
help farmers to take action to prevent or mitigate potential issues. For example, if a cow is not moving or
showing signs of illness, the system would send an alert to the farmer. An important feature of a cattle
monitoring system is the ability to alert farmers about any critical issues. Alerts can be sent via email, SMS, or
push notifications to mobile devices.

3.5. Communication layer

For effective functioning, a reliable communication infrastructure is vital to facilitate the transmission
of sensor data to the central processing unit and enable remote access to the system Figure 6. This infrastructure
ensures seamless connectivity. It enables the timely transfer of data and the remote monitoring and control
capabilities. Various wired and wireless communication protocols can be used in the smart cattle monitoring
system. Table 5 describes the features of the main ones. It describes the characteristics and features of each
protocol.
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Figure 6. Communication layer

Table 5. Communication protocols
Protocol Features
ZigBee A low-power, low-cost wireless communication standard suitable for short-range data transmission [21].
LoRaWAN  Long range wide area network (LoRaWAN) has a long-range, low-power wireless communication
protocol that can cover large distances in rural areas [22].
Wi-Fi A widely available and high-speed wireless communication standard, suitable for transmitting large
amounts of data [23].
Ethernet A wired communication protocol that provides high-speed and reliable data transmission [24].
WSN Wireless sensor networks (WSNs) consist of multiple sensors that communicate with each other
wirelessly. They can be used to cover a large area and collect data in real-time [25].
Cellular These networks use cellular technology to transmit data from the sensors to the central server. They can
Networks be used in areas with cellular coverage [26].

CONCLUSION
In conclusion, setting up a cattle monitoring smart farm system requires careful consideration of the

components involved and how they interact with each other. With the right architecture, farmers can gain
valuable insights into their cattle's health and wellbeing, helping to improve production and reduce costs. This
paper presented the design of a smart cattle monitoring farm system that aims to improve farm productivity,
animal welfare, and resource management. The proposed system uses a combination of 10T devices, ML
algorithms, and cloud-based services to collect and analyze data in real-time. By incorporating these key
elements into a cattle monitoring smart farm system, farmers can benefit from better decision-making,
improved herd health, and increased productivity.
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