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Data pervades the dairy farming industry. However, specific data streams are most
often ad-hoc and poorly linked to each other and to decision making processes. Dairy
farms have embraced large and diverse technological innovations such as sensors
and robotic systems, and can now stream vast amounts of data, but they have not
been able to integrate all these data effectively to improve whole-farm decision making.
Consequently, the benefits of the new smart dairy are not being fully realized. In order
to address this, it is imperative to develop a system that can collect, integrate, manage,
and analyze on- and off-farm data in real-time for practical and relevant analyses that
can be used to improve on-farm decision making. Hence, we are developing a real-
time, data-integrated, data-driven, continuous decision-making engine: The Dairy Brain
by applying Precision Farming, Big Data analytics, and the Internet of Things. This
is a trans-disciplinary research and extension project that engages multi-disciplinary
scientists, dairy farmers, and industry professionals. We are using the state-of-the-
art database management system from the University of Wisconsin-Madison Center
for High Throughput Computing to develop our Agricultural Data Hub that connects
and analyzes cow and herd data on a permanent basis. This involves cleaning and
normalizing the data as well as allowing data retrieval on demand. We have a four-
part strategy: (1) Create a Coordinated Innovation Network (CIN) to shape data
service development; (2) Create a prototype Agricultural Data Hub (AgDH) to gather/
disseminate multiple data streams relevant to dairy operations; (3) Build the Dairy
Brain — a suite of analytical modules that leverages the AgDH to provide insight to
the management of dairy operations and serve as an exemplar of an ecosystem of
connected services; and (4) Design and execute an innovative Extension program.
We illustrate our Dairy Brain concept with a practical application that predicts CM
onset. The application uses machine learning algorithms to identify cows at higher risk
of contracting CM seven milkings before the onset. The application integrates data
from management software and data from the milking parlor. Our preliminary results
indicate that our predictions are 72% accurate. Integration of more data streams
and incorporating larger historical datasets will improve accuracy even further. We
demonstrate that it is possible to develop integrated continuous decision-support tools.
Tomorrow’s dairy industry will be built on the effective capture and integration of more
data streams, not fewer. This is a critical moment to develop the structures that can
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move the industry towards modernized data exchange. This is an ongoing innovative
project that is anticipated to transform how dairy farms operate.

Keywords: Data integration, decision support tools, dairy brain.

Dairy farms generate large amounts of data. With the adoption of new technologies
these amounts of data have increased. These data are an important tool to help improve
farm decision making in animal welfare, performance, and long-term sustainability of
the farms (Lovarelli et al., 2020). Nevertheless, using data in efficient way is a complex
task as it is highly heterogenous, different data sources are normally independent
from each other (Wolfert et al., 2017) and the analysis of big data is a challenging task
(Morota et al., 2018).

As a result, daily management is a difficult task since data integration of different data
sources (i.e., production, feeding, health, etc.) is lacking (Koltes et al., 2019; Cockburn,
2020; Cabrera and Fadul-Pacheco, 2021). It has been recognized that collection,
aggregation and analysis of data will transform the way decision making is done,
making farms realize large gains in productivity, efficiency and profitability (Bronson
and Knezevic, 2016; Newton et al., 2020) and providing farmers a better understanding
of the past, present and future of the farm (Lioutas et al., 2019).

Data integration is crucial to improve data quality and algorithm performance (Hogeveen,
et al., 2010; Menéndez Gonzalez et al., 2010) and it has been identified to be an
important component to the decision-making process on dairy farms (Eastwood et al.,
2017; Dairy Brain, 2020a). In addition, automatized data integration is recognized as
a tool to give holistic advice on management practices (Gengler, 2019).

Knowing the potential benefits of data integration, it is imperative to develop a system
that can collect, integrate, manage, and analyze on- and off-farm data in real-time for
practical and relevant analyses that can be used to improve on-farm decision making.
Hence, we are developing a real-time, data-integrated, data-driven, continuous decision-
making engine: The Dairy Brain by applying Precision Farming, Big Data analytics,
and the Internet of Things. This is a trans-disciplinary research and extension project
that engages multi-disciplinary scientists, dairy farmers, and industry professionals.

The Dairy Brain project as a continuous decision-making engine as described on Figure
1, first data is collected at the farm, then farm data from multiple sources is transferred
to a central location, where data is transformed and homogenized to then apply
analytics to it and finally access to the developed analytics farmer via web interface.
It consist of a four-part strategy: 1) Create a Coordinated Innovation Network (CIN) to
shape data service development; 2) Create a prototype Agricultural Data Hub (AgDH)
to gather/disseminate multiple data streams relevant to dairy operations; 3) Build the
Dairy Brain — a suite of analytical modules that leverages the aggregation service and
available data to provide insight to the management of dairy operations and serve as
an exemplar of an ecosystem of connected services and 4) DataMoney: an innovative
Extension program.
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Figure 1. Dairy Brain project phases.

A Coordinated Innovation Network (CIN) is, in general, “a large community of
stakeholders that addresses bottlenecks in critical areas by bringing together experts
from different disciplines and domains to identify innovative and synergistic solutions”
(USDA, 2021). In the context of the Dairy Brain project, the bottlenecks make reference
to the data management challenges in the dairy industry. Therefore, the CIN of the
dairy brain project is a network of stakeholders from the dairy industry (i.e., farmers,
industry, researchers and extension professionals) shaping the structure of the Dairy
Brain project itself and serving as a basis for broader implementation of data services
and standards.

The main roles of the CIN are to raise awareness, facilitate the exchange of opinions
and generate discussion and crate guidelines about data management in the dairy
industry. To start the discussion process, the CIN published five opinion articles that
covered some data management challenges that were identified by the CIN members
and the Dairy Brain team.

The first was an introductory article to the Dairy Brain project and the roles of the
CIN (Dairy Brain, 2020a). This was followed by a discussion about data security and
data privacy (Dairy Brain, 2020b). The next article was about data collection and data
standardization (Dairy Brain, 2020c). Then, another article was the adoption of decision
support tools (Dairy Brain, 2020d), and the last opinion article was related to the value
added of data to help improve management practices at the farm (Dairy Brain, 2020e).
These opinion articles are the foundation for more technical and scientific articles:
the CIN design documents, which are under development. To learn more about the
perception of a number of key topics related to data challenges in the dairy industry,
we are currently conducting a survey at DairyBrainSurvey (https./uwmadison.co1.
qualtrics.com/jfe/form/SV_0HDBzawvvRygQVE).

Create a Coordinated
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Farms have different data sources that are normally not connected to each other, to
address this issue, the main objective of the agricultural data hub (AgDH) is to collect,
integrate and homogenize the dairy farm data so that all these data can be used by
the DairyBrain to develop decision support tools. Data integration through the AgDH
consist in five main steps: 1) Assessing; 2) Decoding; 3) Cleaning; 4) Homogenization
and 5) Integration. The AgDH is built in a modular fashion under the consideration
that these five steps will be automatized with minimal or no human supervision. Once
the data is fully processed, these integrated data will be accessible through a set of
application programming interfaces or API's endpoints hosted by the AgDH service.
It is important to mention that these endpoints will be secure so that only individuals
authorized by the farm will have access to them. Also, the API's will make the data
available to the analytical module offered though the DairyBrain portion of our project.

The actual Dairy Brain portion of the project is a data-driven engine of decision
making to advance analytics and dairy farm sustainability. We categorize our models
as descriptive, predictive and prescriptive. The descriptive models are normally for
short-term decision making, and they are mainly visualizations (i.e., dashboards). They
might also include some simple calculations, as for example, feed efficiency. Even
though feed efficiency is based on simple algorithms, it requires data from different
data sources which means it needs data integration.

Predictive models include performance projections to the future. One example of this
type of models is selection of genetic traits to reduce the incidence of clinical mastitis
(Fadul-Pacheco et al., 2021). And, finally, the most advanced, the prescriptive models
are those that provide suggestions, mostly from optimization, of the best course
of action. Among these models we can find the continuous nutritional accuracy
(Barrientos-Blanco et al., 2020) that can help provide accurate diets to cows as an
effective strategy to control cost, increase revenue, enhance feed efficiency and reduce
environmental impact. It is important to keep in mind that all these models need to
be adjusted with continuous data. Data integration from multiple data sources though
the AgDH and the application of advance analytics is an example of added value to
the raw and disparate data.

The objective of the extension program of the Dairy Brain project is to increase farmers,
advisors, and county educators’ awareness on data use and management at the farm
level. More precisely, demonstrate the benefit of data integration and the appropriate
use of decision support tools. We have developed a program called “DataMoney.”
The program consists in working individually with farm teams in particular farms. The
first step is to perform an assessment of the data usage at the farm and, according to
the farm priorities, needs assessment, and farm data availability, work collaborative
developing farm-specific decision support tools. This process will spark farmer and
farm workers interest in the use and application of farm data for better decision making.
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