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Simple Summary: This paper highlights how AI and sensor technologies, catalysts for change in 

the dairy livestock export industry, provide innovative solutions. Amid increasing sustainability 

and efficiency demands, these tools identify 'shy feeders,' automate weight track- ing, and refine 

counting methods. Despite challenges such as complexity, privacy concerns, and high investment 

needs, these technologies usher in an era of enhanced welfare, efficient supply chains, and improved 

productivity. They're redefining livestock farming from merely a food production industry to an 

emblem of efficiency, sustainability, and humane treatment. This review underscores the 

technological shift in livestock management and the impending future of data-driven, sustainable, 

and efficient farming. 

Abstract: This critical review illuminates the transformative potential of Artificial Intelli- gence (AI) 

and sensor technologies in the dairy livestock export industry, an area facing mount- ing pressure for 

heightened efficiency and sustainability. We rigorously scrutinize the uptake of these novel 

technologies in identifying 'shy feeders,' automating weight monitoring of indi- vidual livestock, 

and refining cattle enumeration procedures. The investigation unravels their capacity to bolster 

animal welfare standards, minimize supply chain discrepancies, and amplify operational 

productivity. Moreover, the research delves into how these innovations may en- hance market 

access and competitiveness in a swiftly shifting global dairy landscape. We fur- ther highlight the 

challenges encountered and future trajectories, providing a strategic frame- work for technology 

integration within the livestock export sector. Ultimately, this review un- derlines the importance of 

adopting AI and sensor technologies, indicating a shift towards pre- cision digital livestock farming 

that amalgamates efficiency, animal welfare, and profitability. 

Keywords: precision livestock farming; smart agriculture; digital livestock management; animal 

welfare technology; sustainable livestock production; dairy cow monitoring; IoT in agriculture; 

agricultural big data 

 

1. Introduction 

The onset of the AI and advanced sensor technology era is instigating paradigm shifts in tradi- 

tional sectors, including the dairy livestock export industry [1]. This technology, promoting humane, 

efficient, and sustainable practices, holds potential to redefine the sector's landscape [2]. 

The dairy sector, an essential pillar of global economies, plays a crucial role in food security, 

supporting livelihoods and contributing to nutritional wellbeing [3]. Despite its importance, it 

grapples with challenges like disease control, livestock welfare, and supply chain inefficiencies [4], 

which, if left unresolved, could limit productivity and sustainability. 

Precision digital livestock farming, empowered by AI and sensor technology, proposes inno- 

vative solutions to these persistent problems. Through real-time monitoring, proactive inter- vention, 
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and data-driven decision-making, these technologies promise enhanced animal wel- fare, 

productivity, and streamlined supply chain operations [5]. However, the extent of appli- cation of 

these disruptive technologies in the dairy livestock export industry necessitates further exploration. 

Traditional practices are often ineffective (Figure 1) against evolving challenges, for instance, 'shy 

feeders' – animals that struggle to secure their nutritional requirements [6,7]. This phe- nomenon 

detrimentally impacts their health and productivity. Existing methods of managing 'shy feeders' have 

proved insufficient, highlighting the need for innovative solutions. 

 
Figure 1. The Livestock Management Process: Traditional vs AI and Sensor Technology- Powered. 

Similarly, tracking individual animal weights [8], a critical measure of animal health and per- 

formance, and cattle counting [10,11] during the export process, is laborious, time-consuming, and 

prone to errors using traditional methods. These inaccuracies can lead to supply chain dis- crepancies, 

causing financial losses and logistical issues. 

The advent of AI and sensor technology provides a beacon of hope [13]. By facilitating real- time 

monitoring and data analytics, these technologies promise to address these issues, thereby enhancing 

operational efficiency and animal welfare, vital for the long-term sustainability of the dairy livestock 

export industry [14]. 

Objectives 

This review aims to provide a thorough analysis of AI and sensor technology's role and poten- 

tial in transforming the dairy livestock export industry. 
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• An in-depth analysis of AI and sensor technology applications in mitigating prev- alent 

challenges, such as 'shy feeders' identification, weight tracking automation, and accurate cattle 

counting. 

• Discussion of the implications of these technologies on animal welfare improve- ment, supply 

chain efficiency enhancement, and market accessibility and compet- itiveness augmentation. 

• Exploration of potential challenges and future scope of these technologies in the dairy livestock 

export industry. 

The ultimate objective is to contribute to a sustainable, efficient, and humane dairy livestock 

export industry that effectively leverages cutting-edge technology. 

'Shy feeders' are animals with lower food intake due to the lack of assertiveness in reaching 

feeding troughs in group feeding situations [15]. This behavior affects their health and produc- tivity, 

leading to undernutrition, weight loss, decreased productivity, increased disease suscep- tibility, and 

potentially a lower lifespan [16,17]. Hence, it is crucial to identify and manage shy feeders effectively. 

AI and sensor technology can automate the tracking of individual animal feeding behaviors, 

including their time spent near feeding troughs, feeding frequency, and intake [20]. This data, 

analyzed using AI algorithms, can identify shy feeders for early interventions. 

Monitoring feeding behaviors is essential for livestock management, providing insights into 

animals' health, productivity, and overall wellbeing. AI and sensor-based systems automate this 

process, offering real-time data [20]. The systems, typically using RFID tags or smart collars, track 

proximity to feeding troughs, feeding frequency [21], and duration. The data an- alyzed using AI 

algorithms provide insights into feeding behaviors and alert farmers of anom- alies. These systems 

reduce manual observation, allow early health issue detection [22,23], and provide data for 

optimizing feed management, thus enhancing productivity and sustaina- bility. 

2. Application of AI and Sensor Technology in Livestock Management 

Artificial Intelligence (AI) and sensor technologies are propelling industries into the future, and 

the dairy livestock export industry is no exception. A sector steeped in tradition, this in- dustry is 

beginning to feel the transformative impact of these advanced technologies (Figure 2). AI and sensor 

technologies are not only changing the way farmers and exporters operate but also shaping the future 

trajectory of the industry. 

2.1. Shy Feeders: A Behavioral Challenge in Livestock Management 

In any livestock population, certain animals stand out due to their lack of assertiveness in reach- 

ing feeding troughs, especially in group feeding scenarios. These animals, colloquially referred to as 

'shy feeders,' exhibit lower food intake [15]. This behavior significantly impacts their health and 

productivity, often leading to undernutrition, weight loss, decreased productivity, heightened 

susceptibility to diseases, and in some instances, a reduced lifespan [16,17]. 

Given these repercussions, the identification and effective management of shy feeders become 

pivotal. Historically, this issue has been addressed through manual observation and interven- tion, 

both time-consuming and labor-intensive, not always accurate or timely. However, with the advent 

of AI and sensor technology, the management of shy feeders is poised for a signifi- cant shift. 
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Figure 2. Impact of AI and Sensor Technology on Livestock Welfare and Productivity. 

2.1.1. Role of AI and Sensor Technology in Identifying and Managing Shy Feeders 

AI and sensor technologies offer an innovative solution to the challenge of managing shy feed- 

ers. By automating the process of tracking individual animal feeding behaviors, these technol- ogies 

enable precise, continuous monitoring [20]. The tracked parameters include the time an- imals spend 

near feeding troughs, their feeding frequency, and their intake. 

This granular data, when analyzed using advanced AI algorithms, can assist in identifying an- 

imals that exhibit shy feeder behavior. With early detection, necessary interventions can be designed 

and implemented, such as moving these animals to less competitive feeding environ- ments or 

adjusting feeding schedules. These interventions ensure that shy feeders receive their fair share of 

feed, thereby improving their health outcomes. 

Additionally, AI's predictive capabilities can generate models to identify potential shy feeders 

based on historical data and patterns. This foresight facilitates early intervention, which could 

minimize the adverse effects associated with being a shy feeder. 

2.2. The AI Revolution in Livestock Feeding Behavior Monitoring 

The role of monitoring feeding behaviors in livestock management cannot be overstated. It 

provides invaluable insights into animals' health, productivity, and overall wellbeing. Changes in 

feeding behavior often serve as an early indicator of potential health problems, thereby ena- bling 

timely interventions. 

AI and sensor-based systems have revolutionized this critical aspect of livestock management 

by offering real-time, automated monitoring capabilities [20]. These systems usually employ 

technologies like RFID tags or smart collars to track various parameters, including the prox- imity of 

animals to feeding troughs, feeding frequency [21], and feeding duration. This data is processed and 

analyzed using AI algorithms, converting raw data into meaningful insights about the animals' 

feeding behaviors. 

Farmers and livestock managers can then use these insights to identify any anomalies or changes 

in feeding patterns, allowing them to intervene promptly. These interventions can range from 

adjusting feeding schedules and quantities to seeking veterinary attention for po- tential health 

issues. 
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Beyond the immediate benefits of early intervention, these systems have far-reaching implica- 

tions for the dairy livestock export industry. They minimize the need for manual observation, 

reducing labor costs and saving valuable time. This cost-effectiveness, coupled with the poten- tial for 

early detection of health issues [22,23], can significantly enhance overall operational efficiency. 

Moreover, AI and sensor-based systems provide actionable data for optimizing feed manage- 

ment strategies, enhancing productivity and sustainability. By understanding the feeding pat- terns 

and preferences of livestock, farmers can tailor their feeding strategies [19], ensuring effective feed 

utilization and reducing waste. 

2.2.1. Embracing the Future: AI and Sensor Technology in the Dairy Livestock Export Industry 

The dairy livestock export industry, an integral part of the global food supply chain, is set to 

gain tremendously from the adoption of AI and sensor technology. In the face of increasing global 

demand for dairy products and the urgent need for more sustainable farming practices, these 

technologies offer a beacon of hope. 

By addressing long-standing challenges like the management of shy feeders and the optimiza- 

tion of feeding behavior, AI and sensor technologies can significantly enhance animal welfare, 

streamline supply chain operations, and ultimately boost the industry's productivity and profit- 

ability. The future of the dairy livestock export industry will undoubtedly be shaped by the wider 

adoption and deeper integration of these technologies. 

While the road ahead will undoubtedly be marked by challenges, the potential benefits of these 

technologies far outweigh the risks. The dairy livestock export industry stands on the cusp of a 

transformative era—an era that harmonizes efficiency, animal welfare, profitability, and sus- 

tainability through the power of AI and sensor technologies. 

2.3. Automating Weight Collection: A Technological Leap in Livestock Management 

2.3.1. The Critical Role of Individual Animal Weights and the Challenges of Traditional Practices 

Within the sphere of livestock management, the weight of an animal serves as a vital health and 

productivity barometer. The continuous monitoring of individual weights can flag potential health 

problems, evident in weight loss, or point towards insufficient feed intake. Moreover, weight data is 

an indispensable tool in determining the appropriate dosages of veterinary med- icines [24] and 

influences critical decisions in breeding, feeding, and marketing. 

Unfortunately, traditional methods of weight collection in livestock farming rely heavily on 

manual weighing - a labor-intensive, time-consuming, and error-prone process. The burden of these 

challenges is amplified in the dairy livestock export industry, where managing a substan- tial number 

of animals adds another layer of complexity. 

2.3.2. AI and Sensor Technology: Revolutionizing Weight Collection Practices 

AI and sensor technology emerge as game-changers in the landscape of weight collection, fos- 

tering an environment for automated data capture in livestock farming. Smart scales and imag- ing 

technologies play a significant role in this regard. For instance, smart scales are designed to record 

the weight of animals as they navigate through the scale to reach feeding or watering stations. 

Conversely, imaging technologies leverage animal size and body condition to estimate weight. A key 

advantage of this imaging-based technologies is that they are non-invasive and does not require to 

handle the cattle for weighing. 

Data procured through these technologies undergoes processing and analysis using AI algo- 

rithms [25,26]. Consequently, individual animal weight records are updated automatically, trends in 

weight fluctuations are monitored, and farmers are alerted to significant weight changes. The merits 

of automated weight collection are multi-fold. Apart from time and labor savings, it enhances the 

accuracy and consistency of weight data while enabling real-time weight monitoring, thus allowing 

for prompt interventions for health issues or feeding discrep- ancies. Table 1 outlines the primary 
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applications of AI and sensor technology in livestock man- agement, focusing on the identification of 

'shy feeders', monitoring of feeding behaviors, and automation of weight collection. 

The incorporation of AI and sensor technology in livestock management holds tremendous 

potential to redefine the dairy livestock export industry. In terms of shy feeder identification, feeding 

behavior monitoring, and weight collection automation, these technologies can provide solutions to 

long-standing challenges, elevating productivity, animal welfare, and sustainabil- ity within the 

industry. 

Table 1. Key Applications of Artificial Intelligence and Sensor Technology in Livestock Man- 

agement. 

Applica- 

tion 

AI and Sensor 

Technology Role 

Specific Technol- 

ogy Used 
Benefits Limitations 

Identifica- 

tion of 

'Shy Feed- 

ers' 

Uses AI and video 

analytics to spot 'shy 

feeder' behavior 

through RFID tag 

data analysis. 

RFID Tags, Com- 

puter Vision, Ma- 

chine Learning algo- 

rithms 

Aids early identification 

and intervention, improv- 

ing herd health and 

productivity. Enables 

personalized nutrition 

plans. 

Needs sensor 

setup and careful 

AI cali- bration to 

minimize false 

results. 

Monitor- 

ing of 

Feeding 

Behaviors 

Sensors track feed- 

ing metrics with AI 

identifying abnormal 

patterns in real-time, 

offering actionable 

insights. 

Feed intake sensors, 

IoT (Internet of 

Things) connectiv- 

ity, Cloud Compu- 

ting, Machine 

Learning algorithms 

Gives real-time insights 

into animal health and 

nutrition status, enabling 

timely interventions. 

Helps prevent over/un- 

derfeeding. 

Requires robust 

connectivity and 

sensor 

maintenance for 

real-time moni- 

toring. 

Automa- Sensor-based walk- Walk-over-weighing Provides accurate, has-  

tion of over-weighing sys- systems, IoT con- sle-free weight tracking. Requires animal 

Weight tems with AI inter- nectivity, Cloud Allows continuous moni- training to use the 

Collectio

n 
pretation for auto- Computing, Ma- toring of animal perfor- 

system, sensor 

cali- 

 matic weight collec- chine Learning algo- mance. Assists in adjust- 
bration and 

mainte- 

 tion. rithms ing feeding strategies. nance for accurate 

    readings. 

3. Leveraging AI and Sensor Technology for Supply Chain Enhancement 

3.1. Automated Cattle Counting and Ensuring Supply Chain Traceability 

The count of cattle carries paramount importance in the livestock supply chain. Beyond mere 

numbers, cattle headcount is a pivotal factor in disease control, inventory management, animal 

movement tracking, productivity enhancement, and ensuring the profitability of livestock en- 

terprises. Traditionally, manual counting and tracking of cattle have been the norm. This prac- tice, 

however, is often fraught with inaccuracies and inconsistencies, requires substantial labor input, and 

struggles to manage large herds effectively. 

AI and sensor technology offer a revolutionary solution to this enduring issue. Radio Frequency 

Identification (RFID) stands at the forefront of this change. The RFID tags, implanted in live- stock, 

automatically identify and track each animal [27] as they traverse different points in the supply chain. 

Strategically placed RFID readers along the supply chain route [28] gather this data, ensuring no 
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animal is overlooked. The margin of error in this automated counting system significantly undercuts 

that of traditional manual counting. 

Machine Learning, a branch of AI, further enriches this sensor technology by bringing analyt- 

ical depth to the data collected. The algorithms sift through the mountainous RFID data to identify 

patterns and generate insightful forecasts, vital for predicting potential supply chain bottlenecks [29], 

preparing for contingencies, and optimizing supply chain operations [30]. 

The synergy of RFID and Machine Learning forms a powerful tool, ensuring livestock supply 

chain traceability. Accurate tracing of an animal's journey facilitates the prompt identification of 

supply chain issues such as delays, overcrowding, or disease outbreaks, thereby safeguard- ing 

animal welfare and curtailing economic losses. 

3.2. The Pivotal Role of AI and Sensor Technology in Supply Chain Enhancement 

The livestock supply chain, encompassing stages from breeding and feeding to transportation 

and final product processing, presents a complex web of interconnected processes. While seem- ingly 

linear, the complexities of these interconnections mean that minor setbacks can have wide-ranging 

and severe repercussions. 

AI and sensor technologies, however, hold the power to transform these potential vulnerabili- 

ties into improvement opportunities. Real-time monitoring and analytics provide insight into the 

intricacies of each stage, identify potential bottlenecks, and recommend remedial measures to enhance 

the flow. Sensors monitoring feed and water consumption at the breeding stage, for instance, can 

signal potential health risks. In response, AI algorithms can analyze this data to forecast disease 

outbreaks and propose preemptive interventions. 

Additionally, AI-powered predictive analytics can help optimize logistics [31], a stage of the 

supply chain particularly sensitive to delays and capable of severely impacting animal welfare. 

Environmental conditions during transport can be monitored through sensors, while AI utilizes this 

data to suggest optimal transportation routes and schedules. Table 2 presents a detailed analysis of 

how AI and sensor technology contributes to enhancing supply chain efficiency in the livestock 

industry, particularly in areas such as automated cattle counting, traceability, and market 

development. 

Table 2. Impact of AI and Sensor Technology on Supply Chain Management in Livestock Industry. 

Aspect 
AI and Sensor Technology 

Role 
Specifics Benefits Challenges 

Auto- 

mated 

Cattle 

Counting 

Facilitates accurate, effi- 

cient cattle counting using 

AI-powered image pro- 

cessing. 

Machine Vi- 

sion systems, 

Image Recog- 

nition algo- 

rithms 

Minimizes human er- 

rors, accelerates 

counting, allows real- 

time livestock track- 

ing. 

Setup needs for cam- 

eras and processing 

systems, varying ac- 

curacy due to light- 

ing and cattle move- 

ment. 

Supply 

Chain 

Tracea- 

bility 

Uses sensors for location 

and condition tracking 

throughout the supply chain, 

coupled with AI for real- 

time tracking and issue pre- 

diction. 

GPS trackers, 

RFID tags, IoT 

connectivity, 

Big Data Ana- 

lytics 

Boosts traceability, 

promotes animal wel- 

fare through timely 

interventions, assists 

in regulatory compli- 

ance. 

Demands robust sen- 

sor network and data 

management, poten- 

tial privacy concerns 

with location track- 

ing. 

Market 

Develop- 

ment 

Leverages AI for market 

trend analysis, demand-sup- 

ply dynamics, and price 

fluctuations, offering pre- 

dictive insights for produc- 

tion and exports. 

Machine 

Learning algo- 

rithms, Big 

Data Analytics 

Promotes proactive 

decision-making, op- 

timizes market de- 

mand fulfilment, po- 

tentially increases 

profits. 

Relies on compre- 

hensive market data, 

requires advanced AI 

models for accurate 

predictions. 
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AI and sensor technology's contributions to enhancing supply chain efficiency in the livestock 

industry are far-reaching. In areas such as automated cattle counting, traceability, and market 

development, they hold transformative potential. These technologies revolutionize inventory 

management in the livestock supply chain, where traditional methods involving manual up- dates 

are both time-consuming and prone to errors. Automated systems, powered by sensor technology, 

can accurately record the inflow and outflow of animals [32]. Further, AI analyses these records to 

prevent overstocking or understocking, manage feed supply, and propose op- timal slaughtering 

schedules. 

4. The Role of AI and Sensor Technology in Market Access and Development 

The benefits of AI and sensor technologies extend beyond operational enhancements within the 

livestock export industry, reaching into market access and development. Traceability, ena- bled 

through RFID and AI technology, can meet the stringent safety and quality standards of import 

markets. As international markets grow increasingly aware of food safety and animal welfare, the 

ability to provide transparent, accurate, and reliable traceability data can enhance a country's access 

to these markets. 

Moreover, AI can dissect and decipher patterns in the vast amounts of data collected by sensors at 

various supply chain stages [33]. These patterns can translate into valuable insights about market 

trends, consumer preferences, and price fluctuations. Infusing these data-driven insights into strategic 

planning allows livestock enterprises to explore new markets, optimize their prod- uct offerings, and 

carve a niche in the fiercely competitive global marketplace. 

AI and sensor technologies present boundless opportunities to streamline supply chain opera- 

tions, enhance animal welfare, ensure traceability, and bolster market access in the livestock export 

industry. The responsibility now rests on livestock enterprises, policymakers, and re- searchers to 

foster an environment conducive to harnessing the potential of these technologies. Through their 

collective efforts, the future where every farm, every animal, and every product in the livestock 

supply chain becomes a cog in a well-oiled machine powered by AI and sensor technology, may be 

closer than we think. 

5. Future Perspectives: AI and Sensor Technology in Livestock Management 

5.1. Identifying Opportunities and Overcoming Challenges 

As we delve into the future of livestock management especially from a practical industry per- 

spective, it is evident that the role of Artificial Intelligence (AI) and sensor technology is in- creasingly 

vital. Cutting-edge innovations such as sophisticated machine learning algorithms, expansive big 

data analytics, widespread Internet of Things (IoT) connectivity, and drone tech- nology herald a new 

era in the realm of livestock farming. 

Machine learning, for instance, has the potential to fine-tune predictive analytics, delivering 

even more accurate and timely insights into animal health, productivity, and potential supply chain 

issues. The proliferation of IoT devices could facilitate an expansive real-time tracking and 

monitoring system for livestock, bringing critical data to the fingertips of farmers and in- dustry 

stakeholders. 

Nonetheless, these advancements come hand-in-hand with substantial challenges (Figure 3). A 

key concern is the enormous volume of data generated by these technologies. While the depth of big 

data is invaluable, it necessitates substantial storage, processing capabilities, and advanced analytics 

tools to convert it into actionable intelligence [34]. Further, integrating these sophisticated 

technologies into current livestock management systems can prove com- plex, disruptive, and 

capital-intensive, necessitating significant technical know-how. 
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Figure 3. The Roadmap to a Sustainable and Competitive Livestock Industry with AI and Sensor 

Technology. 

The issue of data privacy and security also looms large. With vast amounts of data collected and 

shared, there are legitimate apprehensions regarding the security and potential misuse of this 

information [35]. A heavy reliance on technology simultaneously heightens the risk of cyber-attacks, 

with potential repercussions for the entire livestock management system. 

These challenges call for a well-rounded, strategic response [36]. Technological solutions such as 

robust data encryption, cloud storage, and improved analytical tools can help manage and secure the 

data avalanche. Concurrently, there is a pressing need to establish comprehensive regulatory 

frameworks to safeguard privacy rights and prevent data misuse. 

5.2. Navigating Towards a Sustainable and Competitive Livestock Sector 

AI and sensor technology represent pivotal tools for steering the livestock industry towards a 

more sustainable and competitive future. By optimizing resource use, boosting productivity, and 

improving animal welfare, these technologies can catalyze a livestock industry that is eco- nomically 

robust, environmentally benign, and socially responsible. 

For example, precise monitoring of animal health can mitigate the reliance on antibiotics, ad- 

dressing a critical environmental and public health issue. Similarly, efficient management of feed and 

water resources not only curtails costs but also minimizes waste and environmental degradation. 

Further, enhanced supply chain efficiency can strengthen competitiveness by re- ducing losses, 

elevating product quality, and ensuring punctual delivery. As the global demand for livestock 

products escalates, these efficiencies could provide a decisive advantage in the highly competitive 

international market. 

Yet, realizing this vision necessitates a collaborative effort from all stakeholders. It requires 

continuous investment in technology development and deployment, supportive policies, and robust 

public-private partnerships. Above all, it mandates a paradigm shift: technology must be perceived 

not merely as an instrument for augmenting productivity but as an indispensable tool for achieving 

sustainability and resilience. 

5.3. Applied Informatics for Dairy Livestock Export: Overcoming Big Data Challenges for Real-

Time Analytics and Sustainable Practices 
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In the swiftly transforming world of dairy livestock export, the quest for proficient analyt- ics 

capable of dynamic and automated processing of the temporal-spatial distribution of ani- mals in 

real-time has surfaced as a crucial necessity. This necessity stems from the increasing demand for 

efficiency, transparency, and sustainability in the livestock industry, driven by both market forces and 

societal expectations. The capacity to precisely track and forecast the move- ment and behavior of 

livestock in real-time can dramatically augment operational efficiency, animal welfare, and overall 

productivity. It can also provide valuable insights into the health and well-being of the animals, 

thereby contributing to improved animal welfare standards and more sustainable farming practices. 

However, the road to achieving this level of sophistication in livestock management ana- lytics 

is laden with hurdles. The most formidable of these challenges are scalability and robust- ness. The 

enormous volume of data generated in real-time from a myriad of sources, including GPS trackers, 

RFID tags, machine vision system cameras, and IoT sensors, can be daunting. This 'big data' scenario 

calls for scalable solutions that can efficiently process and analyze data on a colossal scale without 

compromising speed or accuracy. 

The challenge of scalability is not just about handling large volumes of data, but also about 

integrating and making sense of diverse types of data. For instance, GPS data can provide in- 

formation about the location and movement of animals, while data from IoT sensors can pro- vide 

insights into their health status and environmental conditions. Integrating these diverse data sources 

and extracting meaningful insights from them requires sophisticated data pro- cessing and analytics 

capabilities. 

Furthermore, the analytics solutions must exhibit robustness to deliver reliable predictions and 

insights in real-time, under fluctuating conditions and potential system anomalies. This requires not 

only robust algorithms but also robust data infrastructure and data management practices. For 

instance, data quality issues, such as missing or erroneous data, can significantly impact the accuracy 

and reliability of analytics results. Therefore, robust data cleaning and data quality management 

practices are essential. 

Traditional statistical techniques and machine learning approaches, such as decision trees or 

random forests, have been utilized in the past to analyze livestock data. While these methods have their 

merits, they may fall short in handling the complexity and scale of real-time, big data scenarios in the 

livestock export industry. These techniques often grapple with high-di- mensional data and may not 

provide the level of accuracy required for real-time decision-mak- ing. 

In light of these limitations, there is a burgeoning consensus in the agrifood domain that 

advanced machine learning and deep learning approaches could be the panacea to these chal- lenges. 

Deep learning, a subset of machine learning inspired by the structure and function of the human 

brain, has demonstrated remarkable success in handling high-dimensional data and delivering 

accurate predictions in various fields, including image recognition, natural language processing, and 

autonomous vehicles. 

In the context of dairy livestock export, deep learning models could be trained to recognize 

patterns and make predictions based on a multitude of factors, including the spatial-temporal 

distribution of animals, their health status, environmental conditions, and market trends. These 

models could potentially provide more accurate and timely insights, enabling farmers and ex- porters 

to make better-informed decisions, optimize their operations, and ultimately, enhance the 

sustainability and profitability of their enterprises. However, the adoption of deep learning in the 

agrifood sector is not without its challenges. These include the need for large amounts of labeled 

training data, the complexity of model development and tuning, and the interpreta- bility of model 

predictions. The need for large amounts of labeled training data can be partic- ularly challenging, as 

it requires significant time and effort to collect and label data. Moreover, the complexity of model 

development and tuning requires specialized skills and expertise, which may not be readily available 

in the agrifood sector. 

Moreover, the successful integration of deep learning models into the livestock manage- ment 

workflow would require significant investment in infrastructure, skills development, and change 

management. This includes not only the physical infrastructure for data storage and processing but 
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also the software infrastructure for data management, model development, and deployment. Skills 

development is another critical aspect, as it requires training and upskilling of staff to effectively use 

and manage the advanced analytics solutions. Change management, on the other hand, involves 

managing the organizational changes associated with the adoption of new technologies and practices. 

In addition to these challenges, the interpretability of model predictions is another critical issue. 

Deep learning models, often referred to as 'black boxes', can make highly accurate pre- dictions but 

may not provide clear explanations for their predictions. This lack of interpretabil- ity can be a 

significant barrier to the adoption of deep learning in the agrifood sector, where decision-makers 

often need to understand the reasons behind the predictions to make informed decisions. Despite 

these challenges, the potential benefits of adopting advanced analytics and deep learning in dairy 

livestock export are immense. These benefits extend beyond improved operational efficiency and 

productivity to include enhanced animal welfare, more sustainable farming practices, and increased 

competitiveness in the global market. By providing real-time, accurate, and actionable insights, 

advanced analytics can enable farmers and exporters to make better-informed decisions, optimize 

their operations, and respond more effectively to market trends and changes. 

Moreover, by improving the tracking and monitoring of animal health and welfare, ad- vanced 

analytics can contribute to higher standards of animal welfare and more ethical farming practices. This, 

in turn, can enhance the reputation and brand value of dairy livestock exporters, making them more 

attractive to consumers and investors who value sustainability and animal welfare. 

While the path towards advanced analytics in dairy livestock export is challenging, the potential 

benefits in terms of improved efficiency, animal welfare, and profitability make it a journey worth 

undertaking. As researchers, developers, and industry stakeholders continue to explore and innovate 

in this space, the future of dairy livestock export looks set to be increas- ingly data-driven, intelligent, 

and sustainable. The journey towards this future will require not only technological innovation but 

also collaboration and partnership among various stakehold- ers, including farmers, exporters, 

technology providers, researchers, and policymakers. By working together, these stakeholders can 

overcome the challenges and unlock the full potential of advanced analytics in dairy livestock export. 

6. Conclusions 

Artificial Intelligence and sensor technology are propelling the livestock export industry 

towards an era of transformation. By providing innovative solutions to age-old challenges, these 

technologies have the capacity to revolutionize livestock management, particularly in the dairy sector. 

From automating the identification and management of 'shy feeders', facilitating precise weight 

tracking, to efficient cattle counting, AI and sensor technology can exponen- tially enhance 

productivity, animal welfare, and supply chain efficiency. However, this journey towards 

transformation is riddled with significant obstacles. 

The complexity of these technologies, privacy concerns, and the requisite for significant capital 

investment and expertise are substantial hurdles that must be surmounted to fully lev- erage these 

technologies. Consequently, the livestock export industry needs to acclimate to these technological 

shifts, necessitating a sweeping overhaul of traditional practices and an adoption of a mindset 

centered around data-driven, automated operations. Yet, the scope of these technologies extends 

beyond operational enhancements. They pave the way for a more sustainable and competitive 

livestock industry, harmonizing economic growth with environ- mental conservation and animal 

welfare. They promise a future where livestock farming tran- sitions from being merely a food 

production source to an epitome of efficiency, sustainability, and humane animal treatment. 

As we forge ahead, maintaining a focus on technological innovation, advocating for pro- active 

policy support, and fostering robust stakeholder collaboration will be pivotal. This re- view 

underscores that we stand on the precipice of a technological revolution in livestock man- agement. 

The challenge now is to cross this threshold and embark on the journey towards a future where AI 

and sensor technology are embedded in the fabric of the livestock export in- dustry. 

Funding: This research received no external funding. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 July 2023                   doi:10.20944/preprints202307.0473.v1

https://doi.org/10.20944/preprints202307.0473.v1


 12 

 

Conflicts of Interest: The authors declare no conflict of interest. 

References 

1. Koutouzidou, G.; Ragkos, A.; Melfou, K. Evolution of the Structure and Economic Management of the 

Dairy Cow Sector. Sustainability 2022, 14, 11602. 

2. Neethirajan, S.; Kemp, B. Digital Livestock Farming. Sensing and Bio-Sensing Re- search 2021, 32, 100408. 

3. Hoque, M.; Mondal, S.; Adusumilli, S. Sustainable Livestock Production and Food Security. In Emerging 

Issues in Climate Smart Livestock Production; Academic Press: Cambridge, MA, USA, 2022; pp. 71-90. 

4. Hashem, N.M.; González-Bulnes, A.; Rodriguez-Morales, A.J. Animal Welfare and Livestock Supply Chain 

Sustainability under the COVID-19 Outbreak: An Overview. Front. Vet. Sci. 2020, 7, 582528. 

5. Neethirajan, S. Harnessing the Metaverse for Livestock Welfare: Unleashing Sensor Data and Navigating 

Ethical Frontiers. Preprints 2023, doi:10.20944/pre- prints202304.0409.v2. 

6. Hing, S.; Foster, S.; Evans, D. Animal Welfare Risks in Live Cattle Export from Aus- tralia to China by Sea. 

Animals 2021, 11, 2862. 

7. Collins, T.; Hampton, J.; Barnes, A. Literature Review of Scientific Research Relating to Animal Health and 

Welfare in Livestock Exports. Murdoch University: Perth, Aus- tralia, 2018. 

8. Martins, B.M.; Mendes, A.L.C.; Silva, L.F.; Moreira, T.R.; Costa, J.H.C.; Rotta, P.P.; Chizzotti, M.L.; 

Marcondes, M.I. Estimating Body Weight, Body Condition Score, and Type Traits in Dairy Cows Using 

Three Dimensional Cameras and Manual Body Measurements. Livest. Sci. 2020, 236, 104054. 

9. Stygar, A.H.; Gómez, Y.; Berteselli, G.V.; Dalla Costa, E.; Canali, E.; Niemi, J.K.; Llonch, P.; Pastell, M. A 

Systematic Review on Commercially Available and Vali- dated Sensor Technologies for Welfare 

Assessment of Dairy Cattle. Front. Vet. Sci. 2021, 8, 634338. 

10. Tassinari, P.; Bovo, M.; Benni, S.; Franzoni, S.; Poggi, M.; Mammi, L.M.E.; Mattoc- cia, S.; Di Stefano, L.; 

Bonora, F.; Barbaresi, A.; et al. A Computer Vision Approach Based on Deep Learning for the Detection of 

Dairy Cows in Free Stall Barn. Comput. Electron. Agric. 2021, 182, 106030. 

11. Hansen, M.F.; Smith, M.L.; Smith, L.N.; Jabbar, K.A.; Forbes, D. Automated Moni- toring of Dairy Cow 

Body Condition, Mobility and Weight Using a Single 3D Video Capture Device. Comput. Ind. 2018, 98, 14–

22. 

12. McDonagh, J.; Tzimiropoulos, G.; Slinger, K.R.; Huggett, Z.J.; Down, P.M.; Bell, M.J. Detecting Dairy Cow 

Behavior Using Vision Technology. Agriculture 2021, 11, 675. 

13. Caja, G.; Castro-Costa, A.; Knight, C.H. Engineering to Support Wellbeing of Dairy Animals. J. Dairy Res. 

2016, 83, 136–147. 

14. Neethirajan, S. Recent Advances in Wearable Sensors for Animal Health Management. Sensing and Bio-

Sensing Research 2017, 12, 15–29. 

15. Katainen, A.; Norring, M.; Manninen, E.; Laine, J.; Orava, T.; Kuoppala, K.; Sa- loniemi, H. Competitive 

Behaviour of Dairy Cows at a Concentrate Self-Feeder. Acta Agric. Scand. Sect. A-Anim. Sci. 2005, 55, 98–

105. 

16. Weigele, H.C.; Gygax, L.; Steiner, A.; Wechsler, B.; Burla, J.B. Moderate Lameness Leads to Marked 

Behavioral Changes in Dairy Cows. J. Dairy Sci. 2018, 101, 2370– 2382. 

17. Matore, Z. Drivers and Indicators of Dairy Animal Welfare in Large-Scale Dairies. Trop. Anim. Health 

Prod. 2023, 55, 43. 

18. Grant, R.J.; Ferraretto, L.F. Silage Review: Silage Feeding Management: Silage Char- acteristics and Dairy 

Cow Feeding Behavior. J. Dairy Sci. 2018, 101, 4111–4121. 

19. Llonch, P.; Mainau, E.; Ipharraguerre, I.R.; Bargo, F.; Tedó, G.; Blanch, M.; Manteca, X. Chicken or the Egg: 

The Reciprocal Association between Feeding Behavior and Animal Welfare and Their Impact on 

Productivity in Dairy Cows. Front. Vet. Sci. 2018, 5, 305. 

20. Neethirajan, S. Transforming the Adaptation Physiology of Farm Animals through Sensors. Animals 2020, 

10, 1512. 

21. Tzanidakis, C.; Tzamaloukas, O.; Simitzis, P.; Panagakis, P. Precision Livestock Farming Applications (PLF) 

for Grazing Animals. Agriculture 2023, 13, 288. 

22. Alshehri, M. Blockchain-Assisted Internet of Things Framework in Smart Livestock Farming. Internet 

Things 2023, 22, 100739. 

23. Džermeikaitė, K.; Bačėninaitė, D.; Antanaitis, R. Innovations in Cattle Farming: Ap- plication of Innovative 

Technologies and Sensors in the Diagnosis of Diseases. Ani- mals 2023, 13, 780. 

24. Brault, S.A.; Hannon, S.J.; Gow, S.P.; Otto, S.J.; Booker, C.W.; Morley, P.S. Calcula- tion of Antimicrobial Use 

Indicators in Beef Feedlots—Effects of Choice of Metric and Standardized Values. Front. Vet. Sci. 2019, 6, 

330. 

25. Tasdemir, S.; Urkmez, A.; Inal, S. Determination of Body Measurements on the Hol- stein Cows Using 

Digital Image Analysis and Estimation of Live Weight with Regres- sion Analysis. Comput. Electron. Agric. 

2011, 76, 189–197. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 July 2023                   doi:10.20944/preprints202307.0473.v1

https://doi.org/10.20944/preprints202307.0473.v1


 13 

 

26. Qiao, Y.; Kong, H.; Clark, C.; Lomax, S.; Su, D.; Eiffert, S.; Sukkarieh, S. Intelligent Perception for Cattle 

Monitoring: A Review for Cattle Identification, Body Condition Score Evaluation, and Weight Estimation. 

Comput. Electron. Agric. 2021, 185, 106143. 

27. Morrone, S.; Dimauro, C.; Gambella, F.; Cappai, M.G. Industry 4.0 and Precision Livestock Farming (PLF): 

An up to Date Overview across Animal Productions. Sen- sors 2022, 22, 4319. 

28. Haldar, A.; Mandal, S.N.; Deb, S.; Roy, R.; Laishram, M. Application of Information and Electronic 

Technology for Best Practice Management in Livestock Production System. In Agriculture, Livestock 

Production and Aquaculture: Advances for Small- holder Farming Systems Volume 2; Springer 

International Publishing: Cham, Switzer- land, 2022; pp. 173–218. 

29. Darvazeh, S.S.; Vanani, I.R.; Musolu, F.M. Big Data Analytics and Its Applications in Supply Chain 

Management. In New Trends in the Use of Artificial Intelligence for the Industry 4.0; IntechOpen: London, 

UK, 2020; p. 175. 

30. Saleem, T.J.; Chishti, M.A. Deep Learning for the Internet of Things: Potential Bene- fits and Use-Cases. 

Digit. Commun. Netw. 2021, 7, 526–542. 

31. Woschank, M.; Rauch, E.; Zsifkovits, H. A Review of Further Directions for Artificial Intelligence, Machine 

Learning, and Deep Learning in Smart Logistics. Sustainability 2020, 12, 3760. 

32. Menendez III, H.M.; Brennan, J.R.; Gaillard, C.; Ehlert, K.; Quintana, J.; Neethirajan, S.; Remus, A.; Jacobs, 

M.; Teixeira, I.A.; Turner, B.L.; Tedeschi, L.O. ASAS–NANP Symposium: Mathematical Modeling in 

Animal Nutrition: Opportunities and Chal- lenges of Confined and Extensive Precision Livestock 

Production. J. Anim. Sci. 2022, 100, skac160. 

33. Bhat, S.A.; Huang, N.F.; Sofi, I.B.; Sultan, M. Agriculture-Food Supply Chain Man- agement Based on 

Blockchain and IoT: A Narrative on Enterprise Blockchain Interop- erability. Agriculture 2021, 12, 40. 

34. Bhattarai, B.P.; Paudyal, S.; Luo, Y.; Mohanpurkar, M.; Cheung, K.; Tonkoski, R.; Hovsapian, R.; Myers, 

K.S.; Zhang, R.; Zhao, P.; Manic, M. Big Data Analytics in Smart Grids: State-of-the-Art, Challenges, 

Opportunities, and Future Directions. IET Smart Grid 2019, 2, 141–154. 

35. Klerkx, L.; Jakku, E.; Labarthe, P. A Review of Social Science on Digital Agriculture, Smart Farming and 

Agriculture 4.0: New Contributions and a Future Research Agenda. NJAS-Wageningen J. Life Sci. 2019, 90, 

100315. 

36. Liu, Y.; Ma, X.; Shu, L.; Hancke, G.P.; Abu-Mahfouz, A.M. From Industry 4.0 to Agriculture 4.0: Current 

Status, Enabling Technologies, and Research Challenges. IEEE Trans. Ind. Inform. 2022, 18, 5544-5557. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 

of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 

disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 

products referred to in the content. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 July 2023                   doi:10.20944/preprints202307.0473.v1

https://doi.org/10.20944/preprints202307.0473.v1

