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THE GAP: CHALLENGES OF USING MULTIBRAND
SENSORS IN MEDIUM AND SMALL-SCALE DAIRY FARMS
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Abstract. Sensor technology in dairy farming has revolutionized animal management by
increasing productivity, health monitoring, and overall farm efficiency. However,
integrating sensor data from multiple devices and brands poses considerable challenges.
This article delves into the major challenges that dairy farmers encounter when using
various sensor technologies, such as data compatibility, interoperability, standardization,
data security, and data management problems. It also covers prospective solutions, such
as standardizing data, harmonization efforts, and enhanced data integration approaches.
Addressing the aforementioned challenges is a cornerstone for fully harnessing the
potential of sensor technology in the dairy industry..
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1. Introduction

Dairy farming has long been an essential component of agriculture, providing a
critical source of nutrition and livelihood for millions of people worldwide [23].
However, as the demands on food production continue to grow, the dairy industry
is under increasing pressure to enhance productivity, sustainability, and animal
welfare [1,11,15,17,28].

In this context, the adoption of sensor technology has emerged as a transformative
force, offering unprecedented opportunities to improve operational efficiency and
decision-making processes, particularly for small and medium dairy farms. These
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technologies not only optimize milk production but also enhance animal health,
reduce costs, and minimize environmental impacts [6, 10, 12].

Precision dairy farming involves extensive use of sensors to track several
attributes of dairy production processes including milk production rates, animal
health indicators, feed conversion, and physical conditions. These technologies
offer opportunities to capture data in real-time, allowing farmers to make better
decisions and overall farm management [5, 6, 7, 8, 10, 11, 12,13].

Although there is a trend towards the implementation of sensors for increasing
farm efficiency and sustainability, the variety of sensors and their brands creates
challenges in data acquisition and analysis. Presently, dairy farms have many
types of sensors sourced from different manufacturers and as such the problem of
consolidating or making use of data efficiently obtained from sensors arises [25,
26, 27]. Since other large dairy farms may face these challenges regularly, the
constraints are even more significant for small and medium dairy farms as the
investment in precision livestock technologies is significantly high and they
currently struggle with a severe deficit of highly skilled personnel [22, 24].

This article delves into the major challenges that dairy farmers encounter when
using various sensor technologies, such as data compatibility, interoperability,
standardization, data security, and data management problems. It also covers
prospective solutions, such as standardizing data, harmonization efforts, and
enhanced data integration approaches. Addressing the aforementioned challenges
is a cornerstone for fully harnessing the potential of sensor technology in the dairy
industry.

2. Materials and Methods

A thorough literature review was conducted to gather insights into sensor
technologies used in dairy farming, with particular emphasis on data
compatibility, interoperability, standardization, and cost-efficiency. Relevant
studies were identified through keyword searches in academic databases such as
ScienceDirect, SpringerLink, and IEEE Xplore. Keywords included "precision
livestock farming," "dairy sensors," "interoperability in agriculture," and "sensor
standardization." This search was refined to include articles focused on small- and
medium-sized dairy farms, as they are more likely to encounter significant
barriers to sensor technology adoption due to resource limitations. The challenges
explored in this study—data compatibility, data management, economic
feasibility, and training gaps—were identified based on common themes across
various studies and industry reports. A qualitative analysis method was employed
to synthesize information from multiple sources, examining specific cases and
technologies (e.g., Automated Milking Systems, Somatic Cell Count Sensors, and
environmental monitoring tools) to highlight practical issues faced by dairy farms.
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The absence of universal data standards, proprietary technology constraints, and
limited technical resources emerged as central issues.

Prospective solutions were analyzed by reviewing industry guidelines and recent
technological innovations in sensor interoperability and standardization. Special
attention was given to proposed open standards, scalable systems, and cost-
effective solutions that could address the challenges faced by small and medium-
sized dairy farms.

Secondary data from published case studies and industry white papers were
reviewed to validate the findings and proposed solutions. Expert opinions from
vets, animal husbandry engineers and precision farming technology specialists
were consulted to assess the feasibility of suggested technological adaptations and
training programs. This feedback was integrated to ensure that recommendations
align with the practical constraints and resource availability typical of small and
medium dairy farms.

The study’s methodology is based on qualitative analysis and literature synthesis;
therefore, it does not include empirical or field-based data. The findings are
intended to inform and guide future research and policy development aimed at
improving multibrand sensor integration in dairy farming.

2.1. Animal Health and Welfare Monitoring

Wearable devices such as pedometers, rumination collars, and temperature sensors
provide continuous data on cow activity, feed intake, and vital signs. This data
helps farmers detect early signs of illness or stress, such as changes in movement
patterns or body temperature, enabling prompt intervention and a reduction in
antibiotic consumption [3]. Early detection of issues like mastitis or lameness can
significantly reduce treatment costs and improve animal welfare [14, 19]. Sensors
can also monitor cow estrus cycles more accurately than traditional methods,
increasing the success rate of artificial insemination and reducing the time cows
spend open (not pregnant). This leads to higher reproductive efficiency and
increased milk production [16, 26] (Figure 1).

i 3 ’
Collar Pedometer Ear tag
Fig. 1. Main Digital Tools for Monitoring Cattle Health and Welfare
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2.2. Milk Production and Quality Control

Automated Milking Systems (AMS), equipped with sensors, can track milk yield,
composition, and quality in real time. This information allows farmers to identify
variations in milk production that may indicate health issues or feed-related
problems. For small and medium farms, AMS can significantly reduce labor costs
and improve milk consistency and safety. Another useful technology are the
Somatic Cell Count (SCC) Sensors which can measure the number of somatic
cells in milk, a key indicator of mastitis. Early detection of mastitis through SCC
sensors helps in maintaining milk quality, which is essential for meeting industry
standards and avoiding penalties [19, 20] (Figure 1).

2.3. Feed Management

Sensors in feed mixers can measure the composition and quality of feed in real
time, ensuring that cows receive a balanced diet. Proper nutrition directly
influences milk yield and quality, and sensors help optimize feed efficiency,
which is particularly beneficial for small and medium farms where feed costs
constitute a significant portion of expenses [22]. For farms using pasture-based
systems, sensors can monitor grass growth and soil conditions, helping farmers
manage grazing patterns and prevent overgrazing. This ensures sustainable
pasture use and improves milk production by maintaining optimal forage
quality[8].

2.4. Environmental Monitoring

Environmental sensors monitor temperature, humidity, and ventilation in barns,
ensuring that cows are kept in optimal conditions.

Heat stress can significantly reduce milk production, and precise climate control
can mitigate this risk, leading to better milk yields and improved animal comfort.
Sensors can also be used to monitor and manage waste products, such as manure,
ensuring that they are disposed of in an environmentally friendly manner or used
effectively as fertilizer [ 18] (Figure 2).
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Fig. 2. Image generated using DALL-E 2 software depicting modern dairy farm environment. The
precision livestock technologies used in dairy farming include wearable devices on cows, sensors
in milking machines, and environmental monitoring in barns and pastures.

3. Challenges in Using Sensor Data Across Devices and Brands in Dairy
Farms

3.1. Data Compatibility and Interoperability

One of the main obstacles dairy farmers face when using sensor data from various
devices and brands is ensuring data compatibility and interoperability. Sensors
from several producers usually use proprietary data formats (e.g., CSV, JSON,
XML), protocols, and interfaces, leading to compatibility issues when attempting
to aggregate or analyze the information [2, 9, 21]. Furthermore, many sensor
systems are proprietary, meaning they are designed to work within a specific
ecosystem. This makes it difficult for farmers to integrate data from multiple
sources, leading to data silos where valuable information is not effectively shared
or utilized. Many sensor providers design their systems to operate within their
environment, resulting in a lack of standardization. For example, a farm with
environmental sensors from one brand and milk production sensors from another
may have difficulty gathering and evaluating data due to variances in data formats
and communication protocols. If these systems are not compatible, the data cannot
be easily combined or analyzed together, reducing the overall effectiveness of the
technology [3].
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The absence of industry-wide standards for sensor data exchange exacerbates
interoperability issues. While some efforts have been made to create standards for
agricultural data, such as the Agricultural Industry Electronics Foundation (AEF)
and the International Organization for Standardization (ISO), adoption is not yet
universal. This lack of standardization leads to increased complexity in data
integration and hinders the seamless use of sensor data across different platforms
[25].

3.2. Data Management and Integration

Managing and integrating data from multiple sensors is another significant
challenge. The sheer volume of data generated by sensors can be overwhelming,
and without proper management systems in place, this data can quickly become
unmanageable. Contemporary dairy farms could easily populate hundreds of
sensors, each producing a torrent of data. Meeting profitability and liability
concerns requires that this data be managed in a way that enables the farm
operator to get a handle on it. An appropriate management system has to be there
simply to prevent the runoff into chaos of all that high-velocity data, sensor-
generated or otherwise [3].

Even when interoperability is achieved, integrating data from various sensors into
a cohesive system poses another challenge. Small and medium farms often lack
the technical expertise required to implement sophisticated data integration
solutions. Data from different sensors may be in different formats or stored in
separate databases, making it difficult to create a unified view of farm operations.
Furthermore, the lack of standardized protocols across devices complicates data
integration efforts. Without standardized data formats, combining data from
different sources requires additional processing, which can be time-consuming
and costly [10].

3.3. High Costs and Economic Barriers

The cost of implementing and maintaining precision technology systems is a
significant barrier for small and medium dairy farms. These farms often operate
on tight margins and may not have the financial resources to invest in high-end,
integrated sensor systems. The costs associated with purchasing, installing, and
maintaining multiple sensors, as well as the software needed to analyze the data,
may be prohibitive. The installation of multiple sensors from different
manufacturers can be expensive, especially when additional hardware or software
is needed to ensure compatibility and data integration [25, 26, 27]. Furthermore,
each device may have a different maintenance and support schedule, and firmware
update, and, therefore, add extra operational costs and difficulties. Due to the lack
of in-house expertise, many farms must rely on external service providers for
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the installation, integration, and maintenance of sensor systems. This dependence
can be costly and may not always guarantee timely support, especially in remote
areas.

High upfront costs, ongoing maintenance, and potential compatibility issues can
create economic barriers for small to medium-sized dairy farms. These additional
costs can make it difficult for smaller farms to realize the full benefits of sensor
technology.

3.4. Data Security and Privacy

Data security and privacy have become important issues, given the enhancement
of the application of digital technology in farming. Since sensor data is relayed
wirelessly, there will be issues of intrusion and unauthorized access. For the
farming businesses whose security is not tight, they may lose their data and end
up suffering more debts and closure of their businesses. One major concern is data
ownership, which may also be associated with the issue of control over data.
Depending on the sensors one takes from different manufacturers, the ownership
of created data can be questionable. A farmer may also have restricted access to
the data given that some companies may lay proprietary rights on the data
collected, thus restricting the use to be made by the farmer [25, 26, 27].

3.5. Knowledge and Training Gaps

Successfully implementing and using sensor data requires a certain level of
technical knowledge and expertise. Dairy farmers often lack the technical
expertise required to manage and troubleshoot the complex sensor systems used
on modern farm. Without proper training, farmers may struggle to interpret the
data generated by sensors, leading to suboptimal decision-making. Thus, farmers
need access to training and support to effectively use and maintain their sensor
systems [4, 18, 27]. Additionally, the rapid pace of technological advancement
means that ongoing training is necessary to keep up with new developments.
However, small farms may not have access to the necessary training resources or
may be unable to afford the time away from day-to-day operations to attend
training sessions. Moreover, the support provided by sensor manufacturers is often
limited to their own products, leaving farmers to navigate the integration of
different systems on their own [25, 26, 27].
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Fig. 3. Challenges in Using Sensor Data Across Devices and Brands

5. Addressing the Challenges

To overcome interoperability challenges, there is a need to promote open
standards in the development of sensor technologies. Open standards would
ensure that devices from different manufacturers can work together, making it
easier for farmers to integrate and utilize data from multiple sources. Furthermore,
developing user-friendly data integration tools that do not require extensive
technical expertise would help small and medium farms better use sensor data.
These tools should be designed to meet the needs of smaller operations, offering
simplified interfaces and automated data processing capabilities [27].

@éo Promote open standards in the @) (}9 Development of instruments easy to
P e development of sensor technologies ﬁ & use for the integration of data
Y Development of “user friendly” and Q‘,D Comprehensive training and support
E’g cost-effective digital technologies @ tailored to small and medium farms

Fig. 4. Challenges to be addressed for bridging the gap in terms of adoption and interoperability of
sensors in small and medium farms

To make sensor technologies more accessible to small and medium farms,
manufacturers should also focus on developing cost-effective solutions. This
could include offering scalable systems that allow farms to start with a basic setup
and add more sensors as needed. Additionally, government subsidies or financial
incentives could help reduce the initial investment required for adopting sensor
technologies [18].

Finally, providing comprehensive training and support tailored to small and
medium farms is essential for maximizing the benefits of sensor technology. This
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could involve partnerships between technology providers, agricultural extension
services, and educational and research institutions to offer accessible training
programs. Online resources, webinars, and on-site workshops could also help
bridge the knowledge gap [21, 27].

Conclusions

(1) While sensor technology offers significant benefits for dairy farming, the
challenges of using sensor data across different devices and brands are substantial,
especially for small and medium-sized farms.

(2) Interoperability issues, data integration challenges, cost constraints, and
knowledge gaps all hinder the widespread adoption of sensor systems on smaller
farms.

(3) Addressing issues of data compatibility, interoperability, data management,
security, and cost are essential for maximizing the potential of these technologies.

(4)The following steps toward overcoming these challenges are industry-wide
standards, improved data management systems, and better technical support. The
dairy industry can fully leverage sensor technology to enhance productivity,
animal welfare, and overall farm efficiency by addressing these issues.
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