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Pig farmers are routinely faced with challenges related to market volatility, animal diseases,
compliance and regulatory concerns, labor shortage, and changing public demands. Some of these
challenges can be mitigated by new technologies, especially to monitor animal health and disease
propagation in the pig farms. Precision livestock tools tailored for the swine industry include a
number of engineering tools and technologies that help to sense and monitor animal health and
provide informed decision-making support for the pig farmers. This review talks about some of the
sensors and [oT devices, along with data analytics, suited for the swine industry. We talk about the
challenges at the ground level and possible walkarounds of these challenges that could benefit the
pig farmers, including changes in regulatory policies, incentives for farmers, and appropriate
training and knowhow to operate the new technologies. Livestock health monitoring is a growing
field of research and development, and new tools and technologies need to be tailored to the
demands of the pig farms while proving better cost to benefit margins for the users. This review
attempts to capture the jargon of precision livestock farming while portraying the known benefits
of adopting such technologies in the farm.

Need for Precision Farming Tools for the Swine Industry

Pig farmers confront numerous challenges that affect their operational efficiency and financial
viability [1-10]. Market volatility, marked by fluctuations in pork and feed prices, can significantly
impact farm income and profitability. Diseases like African Swine Fever (ASF) and Porcine
Epidemic Diarrhea Virus (PEDv) pose substantial threats, leading to financial losses and heightened
biosecurity measures. Compliance with stringent regulations concerning animal welfare,
environmental conservation, and food safety entails additional costs and administrative
complexities. Oscillations in the costs of feed, medications, and veterinary services further
influence profitability, particularly during periods of economic uncertainty. Securing skilled labor
remains a challenge, especially in rural areas, necessitating competitive wages and benefits.
Managing waste and mitigating environmental impacts, such as odor and nutrient runoff, are
ongoing concerns. Evolving consumer preferences for ethically sourced pork, organic products, or
specific production methods necessitate adaptive farming practices and adjusted marketing
strategies. Accessing financing for farm expansions, equipment upgrades, or infrastructure
improvements can be particularly daunting for small-scale or new farmers 1-12].

Embracing and integrating new technologies, like precision farming tools and IoT, may necessitate
initial investment and training, yet holds potential to enhance efficiency and competitiveness over
time. Precision pig farming utilizes advanced technologies and data-driven methods to optimize
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various aspects of pig husbandry [2-15]. This encompasses monitoring pig health, nutrition, and
environmental conditions such as temperature and humidity through sensors, data analytics, and
automation. These innovations empower farmers to make informed decisions aimed at boosting
efficiency, cutting costs, and enhancing animal welfare [32-44]. This modern approach aims to

maximize productivity while minimizing environmental footprint and resource consumption [31-
43].

Precision Swine Farming Tools — An Overview

Precision livestock farming (PLF) employs a variety of tools and technologies to oversee and
regulate livestock, including pigs [2-20]. Sensors utilized in PLF encompass temperature sensors,
humidity sensors, gas sensors (such as for ammonia), and motion sensors, which monitor both the
environment and behavior of pigs. Electronic identification systems like RFID tags facilitate
individual pig tracking within herds, enabling customized management. Monitoring systems
encompass the surveillance of feed intake, water consumption, and health metrics like heart rate,
respiratory rate, and activity levels [40-49]. Automated feeding systems deliver precise amounts of
feed tailored to the nutritional requirements of individual pigs or groups based on real-time data
[12-29]. Environmental control systems regulate factors such as temperature, ventilation, and
lighting in pig housing to optimize comfort and health. Data analytics and software platforms
analyze data gathered from sensors and other sources to provide insights into pig health, growth
performance, and overall farm efficiency. Decision support systems utilize algorithms and models
to aid farmers in decision-making regarding feeding, health management, breeding, and farm
operations. Robotics are employed for tasks such as barn cleaning, pig sorting, and medication
administration, reducing manual labor and enhancing efficiency. Farmers can monitor and control
various aspects of their pig farms remotely through mobile apps or web-based interfaces, thereby
improving real-time management capabilities. These tools collectively empower farmers to
optimize production efficiency, enhance animal welfare, and minimize environmental impact
through precise management practices in pig farming.

Sensors and IoT Devices for Precision Swine Farming

Sensors play a crucial role in precision pig farming by providing real-time data on various aspects
of swine health, behavior, and environment [20-35]. Temperature sensors monitor ambient
temperature in pig housing to ensure optimal comfort and health conditions. Humidity sensors
measure humidity levels to prevent issues like heat stress and respiratory problems. Gas sensors
detect gases such as ammonia (NH3), carbon dioxide (CO2), and hydrogen sulfide (H2S) to
maintain air quality and prevent respiratory issues. Activity sensors track pig activity and
movement patterns, which can indicate health status and behavior changes [2-10]. Weight sensors
can weigh pigs automatically or periodically to monitor growth rates and adjust feeding regimes
accordingly. Feed intake sensors measure feed consumption by individual pigs or groups to
optimize feeding strategies and detect changes in appetite. Water consumption sensors monitor
water consumption to ensure adequate hydration and detect potential health issues. Health
monitoring sensors: Include sensors for monitoring physiological parameters such as heart rate,
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respiratory rate, and body temperature. Environmental monitoring systems combine multiple
sensors to monitor overall environmental conditions in pig housing, including temperature,
humidity, gases, and air quality [1-5]. Electronic identification tags or systems used for individual
pig tracking and management, often integrated with sensors for comprehensive data collection.
These sensors provide farmers with valuable insights into pig health, behavior, and environmental
conditions, enabling proactive management decisions to enhance welfare, productivity, and
efficiency in swine farming operations.

Challenges in Deploying Sensors and IoT Devices for Precision Swine Farming

Implementing Sensors and IoT (Internet of Things) technologies in swine farming brings a set of
challenges that farmers and technology developers need to address before deploying these tools in
the pig farms[1-10]. Firstly, sensors and IoT devices and infrastructure can be expensive to install
and maintain, especially for smaller farms. Furthermore, cost-effective solutions that provide clear
ROI are needed. Handling large volumes of data generated by IoT sensors requires robust data
management and storage solutions. Ensuring data security and privacy is also crucial. IoT devices
must be reliable and resistant to harsh farm environments (e.g., humidity, dust, and temperature
extremes) to provide continuous monitoring and data collection. Integrating different IoT devices
and systems from various vendors can be challenging. Standards and protocols for data exchange
need to be established. IoT devices often require continuous power supply, which can be a challenge
in remote or off-grid farming locations. Battery life and energy-efficient solutions are important
considerations.

In addition, pig farmers may require training to effectively use loT technologies and interpret data
insights for making informed decisions [30-43]. Adhering to regulations and standards regarding
data privacy, animal welfare, and environmental monitoring is essential but can be complex in
different field settings. IoT solutions should be scalable to accommodate varying farm sizes and
production systems, from small-scale operations to large commercial farms. Regular maintenance
and technical support for [oT systems are necessary to ensure optimal performance and longevity
[21-29]. Ensuring that IoT technologies contribute positively to animal welfare and sustainable
farming practices is essential. Addressing these challenges requires collaboration between farmers,
technology providers, researchers, and regulatory bodies to develop and implement effective loT
solutions that benefit both pigs and farmers in the long term.

Possible Solutions in Deploying Sensors and IoT Devices for Precision Swine Farming

To effectively address the challenges of implementing [oT in swine farming, several solutions and
strategies can be considered [40-49]. It is critical to develop and deploy IoT devices and systems
that provide clear economic benefits to farmers, such as improved efficiency, reduced labor costs,
and better resource utilization. It is important to implement secure and scalable data management
platforms that can handle large volumes of data generated by IoT sensors, and use cloud-based
solutions for data storage and analytics to optimize farm operations. For this, it is important to work
with IoT device manufacturers to ensure devices are rugged, weather-resistant, and designed for
farm environments, and regularly test and maintain devices to minimize downtime.
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It is also needed to establish industry standards and protocols for IoT devices to ensure
compatibility and seamless integration across different systems and vendors [35-43]. As loT
devices are power hungry, there is a need to develop energy-efficient IoT devices and explore
alternative power sources such as solar energy or battery technologies to extend device lifespan and
reduce operational costs. We need to provide training and resources to farmers on how to effectively
use loT technologies, interpret data, and apply insights to improve farm management practices. We
want to stay informed about regulatory requirements related to data privacy, animal welfare, and
environmental monitoring, and ensure [oT solutions comply with local regulations and standards.
Finally to address scalability, we need to design IoT solutions that are scalable and adaptable to
different farm sizes and production systems, from small family farms to large commercial
operations, while establishing robust technical support and maintenance programs to address issues
promptly and ensure continuous operation of IoT systems. By focusing on these solutions,
stakeholders can overcome challenges and maximize the benefits of IoT in swine farming, leading
to improved productivity, animal welfare, and sustainability in the industry.

Conclusion

Pig farmers have access to a variety of new tools and technologies that can improve efficiency,
animal welfare, and overall farm management. These tools and technologies enable pig farmers to
make informed decisions, enhance productivity, and meet evolving consumer demands for
sustainable and ethically produced pork products [1-14]. As technology continues to advance,
ongoing research and adoption of these innovations can further transform pig farming practices
worldwide. Developing and implementing new tools for pig farmers comes with its own set of
challenges, despite the potential benefits they offer. Here we discussed some of these challenges
for pig farmers. Developing and deploying new technologies can be expensive, especially for
smaller farms or in regions with limited financial resources. High upfront costs for equipment,
installation, and ongoing maintenance may hinder adoption. New technologies often require
specialized knowledge and training to operate effectively. Farmers may face challenges in
understanding and integrating complex systems into their existing operations. Tools designed for
agricultural environments must be robust, weather-resistant, and capable of withstanding the rigors
of daily farm operations. Ensuring reliability and minimizing downtime is critical. Overcoming
these challenges requires collaboration between technology developers, farmers, researchers, and
regulatory bodies to create practical, cost-effective solutions that meet the needs of the pig farming
industry while addressing broader societal and environmental goals [34-43].
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