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Big Data and ML have appeared as high-performance informatics technologies for creating new opportunities to

unravel, quantify and understand data-intensive processes in the environment of farm operations

big data machine learning architecture adaptation agriculture

systematic literature review

| 1. Big Data and ML in Agriculture

Figure 1 and Figure 2 show a graph representing an XY scatter diagram. The size of each bubble is proportional to
the number of papers that are in the pair of categories that correspond to the coordinates in which the bubble is

located.
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Figure 1. Agriculture types versus the types of problems encountered.
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Figure 2. ML techniques used versus the application domains.

Figure 1 presents the number of papers by agriculture heading versus the type of problem it solves.

We found few papers describing the use of Big Data and ML for weeds, food availability and security and

biodiversity problems. Greater advances are observed in the Crops area to solve production problems and

diseases. ML and Big Data are being used to analyze a large volume of historical data from sensors, satellite

images, photos, climate studies and data from expert farmers, using cloud tools. Quality and cost reduction of

production seem less important. These research topics are likely to increase in the coming years.

On the other hand, Figure 2 shows the number of papers by ML technique versus application domains in

agriculture. It is observed that the most used techniques are Random Forest, Support Vector Machine and Neural

Networks.

2. Technologies Used in Big Data and ML Architectures for

Agriculture

Figure 3 presents a cloud of concepts about the technologies used in Big Data and ML architectures in agriculture.

Technologies for data acquisition are used in data collection systems for the environment, soil, plant data, animals;

through sensors, satellite images and videos. On the other hand, data from experts, data from other systems and

the cloud are collected.
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Figure 3. Cloud of Concepts of the Technologies used.

Big Data enables remote sensing for land mapping to grow large-scale crops. That is essential to monitor
agricultural impacts in various countries and areas concerning achieving their productivity and environmental
sustainability goals, providing a basis for the establishment of platforms for policymakers, helping in decision-
making towards the sustainability of physical ecosystems, quantitative analysis of the interaction between plants
and their environment, with high precision and accuracy. All of the aforementioned is possible thanks to satellite
image data and its availability in the cloud. On the other hand, cloud technologies are suitable for the required

analytics. That facilitates the development of new Big Data architectures, which also include the proper use of ML.

ML is used to do classifications and predictive analytics by finding the internal links between data collected by
processing the data into information and other resources. Furthermore, it provides data support for new operations
and performs multiple processing techniques such as image processing, statistical analysis, simulation, prediction,

early warning and modeling.

Cloud Computing provides software services, hardware services, infrastructure services and platform services for
different Big Data agricultural applications. The cloud platform offers farmers cheap data storage services such as

images, text, videos and other agricultural data, making it easier for businesses by reducing the cost of storage.

In terms of data visualization, the systems allow monitoring environmental conditions, crop and plant growth,
diseases, soil and location of the animals. On the other hand, the visualization allows the control of different

agricultural parameters such as pests and fertilization.

3. A Framework of Technological Challenges for the Use of
ML and Big Data in Agriculture
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The adaptations of ML in Big Data for agriculture have been implemented to solve problems of processing a
volume of data and aspects of variety. The cloud largely solves the problem thanks to the different applications and

resources available (i.e., treatment of satellite images and videos).

The speed of data ingestion is still a challenge considering data sources such as sensors, drones, cameras and
other systems. Regarding data processing, speed depends on factors such as data volume and selected
technologies. The cloud has technologies, such as Data Lake, to process data and store it in different areas
according to the level of processing or detail. The use of these Data Lake is a challenge for developers since there

are not enough trained human resources for their implementation.

Data Lake is defined as “a large, heterogeneous, raw data storage system, powered by multiple data sources and
allowing users to explore, extract and analyze data” lLl. The positive aspects of its users consider the improvement
in data quality since it is provided by a set of metadata; data control and traceability according to data governance
policies; the integration of data of all types and formats; the organization of data logically and physically. Data Lake
integrates with Big Data to store and control the data in its different states, raw data, semi-processed and

processed (value data), thus improving the speed of processing in the analysis for ML.

Another technological challenge is data visualization since platforms and applications for agriculture still have
traditional designs. It is necessary to incorporate the use of Business Intelligence tools and intelligent platforms,
such as those of Microsoft, IBM (Watson) and those of the cloud, to display data dynamically, allowing decision-
makers to manipulate data and reports according to the needs of the moment in real-time 2. In the context of Big
Data, traditional data visualization methods cannot meet the needs of data visualization and analysis. How to
handle this data and extract its potential value has become increasingly important for competition and

organizational development 8],

Eigure 4 presents a framework with the technological challenges of the use of ML and Big Data in agriculture.
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Figure 4. A framework of Machine Learning and Big Data challenges in agriculture.

From the analyzed papers we find several challenges that must be solved to use ML in Big Data in the area of

agriculture. The main ones are the following:

(&) Redundancy in the data: It is also known as data duplication and leads to inconsistent data that can be
detrimental to the ML based system. There are techniques to identify duplicates in a given data set ! but these
traditional methods are not effective in the case of Big Data. In the cases analyzed, we have found redundancy

problems when using various data sources, such as sensors, satellite images and expert judgment.

(b) Data discretization: is the process of translating quantitative data into qualitative data that results in a non-
overlapping division of continuous domain. In the case of agriculture, the challenge remains to use adequate data
visualization systems for this. In most cases graphs of the data are shown and the profile of the users as farmers is

not considered.

(c) Data labeling: In this regard, data labeling tools have not been used to improve understanding of the data
obtained from data sources. This challenge is important so that Big Data can be used with new technologies such

as Data Lake.

(d) Privacy and data security: quality, which has always been a key issue in agricultural management information
systems but is more challenging with volume of real-time data. On the other hand, data privacy and security have

not been mentioned in the analyzed papers.

(e) Interoperability due to the growing number of platforms and services: There is still little concern about using

standards and formats that allow the exchange of information, in addition to interoperability.
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(f) Bandwidth for data transmission: It is still a problem due to the increasing volume of data 2.

(g) Fault tolerance: It is still a challenge because data processing is done in batches, faults are possible and the

process or information must be recovered &I,

(h) Using ML tools in the cloud: Some papers describe the challenge of using ML tools in the cloud. Some
examples are: Microsoft Azure Machine Learning, now part of Cortana Intelligence Suite [¢: Google Cloud ML
Platform : Amazon ML ; and IBM Watson Analytics [2l. Because these services are backed by powerful cloud
providers, they offer not only scalability but also integration with other cloud platform services. With Big Data, this
results in high network traffic and can even become unfeasible due to time or bandwidth requirements. Because

these ML services are proprietary, information about their underlying technologies is very limited 29,
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