
1. Introduction

Big data is a term that describes data sets with 
characteristics: high volume, high velocity, high variety,
and high value [1]. It comes from many areas in our life 
such as public health, social networks, and agriculture. For 
example, in agriculture domain, a huge amount data is
generated from many kinds of devices (e.g., temperature 
sensors, soil sensors, robotic drones, etc.) or agriculture 
services (e.g., weather forecast, market price, etc.). Besides,
farmers can generate data during their growing products or 
manage their income by using traditional systems on a
relational database. Thus, agricultural data becomes more 
and more complex with heterogeneity data structures (e.g., 
structured, semi-structured, and unstructured). It is 
necessary to study advanced techniques and technologies 
to enable the capture, storage, analysis, and visualization of 
the information.

There are a number of researches focusing on data 
analytics to provide the end users and experts with vision 
of the information contents. Jie Wang et al. in [2] has 
designed and implemented a platform for crawling and 
analyzing of agricultural product big data based on Jsoup. 
However, their platform only supported deploying on a 
single computer which encounters of the challenges of big 
data problem. Chen et al. in [3] proposed a crop breeding 
data analysis platform based on Hadoop [4] and Spark [5].
The platform consists of Hadoop distributed file system 

(HDFS) and cluster based on memory iterative components.
A big data platform for collecting and analyzing 
agricultural big data has been proposed in [6]. The authors 
presented multiple choices of each phase of handling big 
data. But, this platform was lack of big data visualization 
module which represents data in human understanding.

Big data visualization plays an important role in
creating a complete view of data and discover data values.
Visualization techniques are used to create maps, tables, 
charts, and other forms to represent data. Most traditional 
data visualization approaches and tools are often
inadequate to handle big data [7]. They are challenging to 
solve the limitations such as perceptual scalability, real-
time scalability, and interactive scalability. In recent years, 
there are several researchers focusing on large-scale data 
visualization. Liu et al. in [8] proposed imMens, which is a 
browser-based system using WebGL for data processing 
and rendering on the GPU. Some tools with the functions 
of visualization and interaction for visualizing data are 
presented in [9]. Also, the extension of some conventional 
methods (e.g., Treemap, Streamgraph, etc.) to big data 
visualization is presented in [10].

In this paper, we present a comprehensive study related 
to the techniques for collecting, storing, analyzing, and 
visualizing of big data in the agriculture domain. We show 
that our proposed techniques can be used to answer 
important questions in agriculture, which provide a
promising solution for developing strategies and managing 
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services in agriculture based on big data.

2. Challenges in Agricultural Big Data
Agricultural big data is also characterized by 4Vs as 

mentioned above. These four characteristics cause many of 
challenges that organizations/farmers encounter in their 
data.

2.1 Dealing with data growth

Massive data in agriculture is generated in every 
minute through multiple kinds of devices and services such 
as sensors and agricultural web markets. For instance, a
huge amount of images is generated in real-time through 
multi-devices during monitoring plant growth, which leads
to the challenges in storing and analyzing all that 
information. Besides, much of data in agriculture is
unstructured (e.g., images, documents, etc.) or semi-
structured (e.g., JSON from weather services, HTML files
from agriculture web markets), which is unsuitable to 
reside in a traditional relational database (e.g., MySQL, 
SQL Server). Managing such data is considered as a 
challenge.

2.2 Real-time scalability

It is important to provide users visual information in 
a real-time manner, which make their decisions to be faster 
and more efficiency. This requires agricultural big data 
platform need to support real-time handling data in all 
phases including collecting, analyzing and visualizing. For 
example, in recent years, e-government and e-commerce
are in the early stages of development in many countries.
In which, the market price is one of the public services that
provide information about transactions (e.g., product name, 
price, amount, etc.) to the citizens or businesses. However, 
collecting such data from the web faces some challenges 
such as the limit number of HTTP requests for crawling
simultaneously.

2.3 Performance guarantee

The huge volume and high variety associated with
agricultural big data lead to challenges in performance
guarantee. Two common metrics should be considered 
are speed and accuracy. To achieve high speed, we 
need to develop a new generation of ETL (i.e. Extract, 
Transform, Load) and analytics tools that dramatically 
reduce the time needed to generate reports. For 
obtaining high accuracy in the analysis results, 
identifying big data analytics techniques being suitable 
for solving a specific problem is very important.

2.4 Interactive scalability in visualization

Interactive visualization often helps us understand
the insight of data faster and better. However, it takes a
long time for processing and analyzing data before 
visualizing, especially in case of huge amount of data. 
For example, the users can make an action like 
“SELECT ALL” in the web interface, therein, output 
data is made by querying with “JOIN” operation from a 
few “big tables”, it could disrupt interaction. Thus, 
although there are already some existed data reduction
strategies and query optimization techniques, the data 
for visualization could be still too large. Scaling 
interactive visualization is a major challenge in big data 
research.

3. Big Data Analytics Techniques

To explore how agricultural big data can be leveraged 
to bring benefits for farmers/agribusiness, we worked on a 
case study of agriculture in South Korea. Three different 
datasets are integrated to discover the interesting 
knowledge. The first dataset contains approximate 10GB of 
agricultural data of 16 regions in South Korea from 2015 to 
2016, which includes information about farms, income, soil 
data, production, and other data. Two other datasets 
(weather data and market price data) were collected by our 
system. We will describe handling these datasets as follows.

3.1 Combining data collecting and storing methods

We separate input data into two kinds, the first one is 
real-time data from web pages (e.g., weather data, market 
price) and the second is historical data from archives (*.csv
and *.xls files). For real-time data, we use Flume to collect 
them into HDFS. For historical data, whose volume is huge, 
we develop a MapReduce [11] based module to increase 
the speed of collecting data by gathering them in a parallel 
manner. Also, we use Sqoop to import data from *.csv and 
*.xls files into HDFS and export the results after analysis 
back to MySQL.

To provide quick random access to huge amounts of 
structured data, we propose using HBase, which is a 
distributed column-oriented database built on top of HDFS.
Moreover, to support SQL command which is a common 
type of data analysis, we use Hive [12] which is a data 
warehouse infrastructure tool to process structured data in
Hadoop.

3.2 Large-scale statistical techniques to the huge volume 
of data.

Traditional agriculture systems do not scale to the huge
volume of data. For instance, to generate a report to answer 
the question: who are the top 100 farmers obtaining the 
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highest of income from growing onion, we need to join 
information from three “big tables” including farmers, 
products, incomes. This work might take long response 
time. To solve such a problem, we propose using Hapdoop-
based programmings such as MapReduce, MapReduce 
with Hbase or Hive. Also, Spark-based programming is a
good choice for analyzing data which fits into distributed
memory.

3.3 Machine learning-based big data analysis

In this section, we present major tasks in precision
agriculture which can be enhanced by using machine 
learning techniques.

Using clustering and classification techniques to group 
and monitor quality of soil data. Soil quality plays an 
important role in determining how well plants grow. In fact, 
each type of plant adapts to different types of soil. 
Understanding the different properties of soil helps farmers
to select the best plants for growing on their own farms. 
There are three main characteristics of soil: texture, 
structure, and chemistry. The values of them are changed 
by the time, and they can be captured by dedicated sensors. 
However, how farmers recognize these changes and 
distinguishable the types of soil are important questions.
To answer them, in our study, we utilized clustering and 
classification techniques to categorize soil data. 
Specifically, we use Spark Mllib which contains many 
algorithms and utilities including classification: logistic 
regression, and naive Bayes, and clustering: K-means, 
Gaussian mixtures (GMMs). Of course, the results could be 
visualized for better understanding.

Using distributed parallel association rule mining to 
find out important associations related plants growing.
Choosing which plants should be grown in a season is a 
very crucial question to farmers because it is a factor for
manipulating their income and productivity. Usually, each
farmer would choose a few main plants which they think 
those are most suitable for them. However, in order to get 
most benefits, they should also choose other types to grow 
with their chosen ones. This is a big question because 
among many plants (around 730 types of plants in our first 
dataset), finding the suitable one requires a lot of 
conditions such as high frequency growing by other farms
and high production.
To support farmers do so, we used distributed parallel 
association rule mining techniques. First of all, in the pre-
processing step, from farms’ information in the dataset, we 
get the so-called “transactions” which includes each farms’
corresponding grown plants collection, then frequent

itemsets (plants) would be found. Then, we implement 
SON-based algorithm [13] based on Hadoop/MapReduce 
to find the association rules about the grown plants. In 
other cases, if the dataset is fit enough into distributed 
memory we can also use Spark MLlib with FP-growth 
algorithm to speed up the processing.

Figure 1. Overview of big data visualization platform

Figure 2. Statistic of the grown plants with Korea map 
visualization

4. Agricultural Big Data Visualization

An overview of the architecture of our big data 
visualization platform is illustrated in Figure 1. Firstly, 
users can make a request to see data visualization on the 
client web interface, then the request is submitted to the 
Web server. Secondly, the web server will check: if the 
request is a static visualization, it will query data on 
MySQL Server and show the result immediately; otherwise, 
it will be sent to Hive Server to get dynamic data from 
Hive warehouse. Here, data processing is handled by 
MapReduce or Spark engine. Finally, when web server gets
the result from the static or dynamic query, it will respond
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to the web client and the response will be shown in a visual 
view.

Next, we give a brief overview of the tasks which a(n)
user/expert can carry out using the big data visualization 
platform and describe how it was used in our case study.
Explore growing plants by region. When agriculture 
researchers encounter the integrated data for the first time, 
one of the important tasks they want is taking a look at an
overview of growing plants by region. To accomplish that, 
we have created a region map (Korea Map in our case) as 
shown in Figure 2. It provides a quick overview of the 
growing plants of the region, such as types of plants and 
planted area.

Figure 3. Prediction of plant production

Predict plant production. In fact, every farmer and 
agriculture manager would like to predict their plant 
production for the current season as well as the next 
seasons. To support that, we design a visualization module 
for predicting the production of each plant in each region. 
Also, a farmer can forecast the plant production on their 
farms. Figure 3 illustrates prediction of onion productivity 
of South Jeolla Province in South Korea.

Figure 4. HiveQL-based big data visualization on the web

Explore agricultural big data by using dynamic 
visualization with Hive query. For experts researching on 
agricultural big data, dynamic visualization is one of the 
best ways to discovery great insight from big data. In order 
to do that, we develop a web-based visualization as shown 
in Figure 4. In this function, users could make a Hive query, 
then the query will be sent to Hive Server to be executed
by MapReduce to get the result. Finally, the result is
plotted in multiple views, such as chart, table, or file 
depend on its size.
5. Conclusion

This paper presented a comprehensive study related to 
the techniques for collecting, storing, analyzing, and 
visualizing of big data. We have shown that our proposed 
techniques can be used to answer important questions in 
agriculture domain. Our findings are based on an 
exploratory agricultural big data in South Korea. These 
findings provide a promising solution for developing 
strategies and managing services in agriculture based on 
big data.
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