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Abstract-The ubiquity of complex data generated from
different data sources has evolved into a new technology called
Big Data Analytics. These are associated with some combination
of data volume, data velocity, and data variety that may include
complex analytics and complex data types. Big Data Analytics
has shown its potential in many application domains. Big data is
characterized by Volume, Variety, Velocity, Veracity, and Value.
Huge quantity of data is generated and collected such as realworld applications, scientific applications, Global Positioning
System (GPS) enabled devices, scientific applications,
observations from satellites, government agencies, etc from
multiple data sources. These massively distributed data are
equipped with spatial attributes and characteristics. Spatial data
are complex and multi-dimensional. This research Paper focuses
on to study an open source and scalable big-data analytics
architecture for massive scale data management together with
spatial data. The hundreds of millions of users demand efficient
analytics on massively distributed data with low latency. Also
focuses on relevant analytics of real-life datasets in the
agriculture.
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I.

INTRODUCTION

Now a day’s user demands sophisticated, scalable, high
speed, accessible and economic solutions to perform relevant
analytics on difficult and scattered data together with spatial
data. To meet the existing user’s demand the conservative
systems for data management are becoming less capable to
scale out extensively due to limited computational power and
storage. The Big-Data Analytics has shown its potential in
many application domains with its different goals like
discover cost-effective, design data products, find the insight
based on historical data, locate valuable patterns and
information, and reliable methods to extract social and
economic values from terabytes (TB) and petabytes (PT) of
data carrying out by research organizations and industries. It
has accomplished success to fulfill the modern user’s demands
up to some extent.
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II. BIG-DATA AND BIG-DATA ANALYTICS
Big-data is a term associated with the new types of
workloads and underlying technologies needed to solve
business problems that we could not previously support due to
technology limitations, prohibitive cost, or both [1]. Big data
is characterized by 5 V’s viz. Volume, Variety, Velocity,
Veracity, and Value. Data volume can be measured by the
number of transactions, events, and the amount of historical
data. Data variety is the assortment of data. There can be a
wider variety of data sources such as machine-generated data,
social media data, weblogs, Internet data, geospatial data, and
image data. Also huge amount of data generate a Data-driven
applications from web and Internet. Data velocity is the speed
at which data is accumulated, created, processed and ingested.
Veracity points to the trustworthiness of the data. The quality
and accuracy are less controllable. The value signifies the
quantifiable outcome from the data.
Big-Data tools and technologies are developed to store and
process massively distributed, batch or real-time data with a
high degree of resource utilization. Regardless of conventional
systems, big data tools and technologies have gained more
popularity and success for massive scale data management as
they are high-speed, highly scalable, and fault tolerant.
III. BIG SPATIAL DATA
Spatial data are complex and multi-dimensional.
Compared to non-spatial data, spatial data are characterized by
special data types, complex operations and methods, and index
structures. The specializing systems and architectures are
required to manage the exponential growth of spatial data.
Spatial data is mainly characterized by 3 V’s: Volume,
Variety, and Velocity. Big spatial data have acquired a major
portion of big-data. Big spatial analytics has achieved
significant attention in many application domains such as
finance, retail and e-commerce, agriculture, and banking. The
hundreds of millions of users demand efficient analytics on
massively distributed data with low latency. The
implementation and design of low latency query processing on
the exponential growth of geospatial data have made
geospatial analytics more challenging and complex for
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traditional systems. The state-of-the-art big data storage and
processing frameworks such as Hadoop [2], Not only SQL
(NoSQL) databases and Spark [3] are highly scalable, highly
available, fault tolerant, and efficient to hold immense range
geospatial data. However, these frameworks are providing
very limited geo-functionality and Open Geospatial
Consortium (OGC) [4] standard methods compared to
traditional systems. Hence, it is highly desirable to take
advantage of such frameworks to store and process geospatial
data at scale.
IV. BIG DATA ANALYTICS IN AGRICULTURE
In developed countries and developing countries, the
challenges related to big data application development is
different. In the world of digitalization, Indian farmers are still
considering fellow farmers, agro-retailers, various digital
media channels, and agriculture experts as a preferred source
of information and make decisions based on such informal
sources. The information provided by extension services is
perceived to be either biased (e.g. agro-marketing companies)
or less actionable due to lack of consistency, accuracy, and
personalization. Hence, farmers never reach near 100%
production potential. Farmers have a dearth of information on
weather, soil nutrients, optimal market price, availability of
agro-products, and timely advice on pest or disease
management.
A. 3.1 Spatial Analytics in Agriculture
In the agriculture domain, voluminous and variety of
disparate information is consumed and generated at a higher
velocity. Information is available in the form of reports on
weather, GPS mapping, soil conditions, fertilizer, water
resources or field characteristics, pesticide usage, and
commodity market conditions in agriculture. Geospatial
processing, remote sensing, advanced analytics algorithms,
cloud resources, and advanced storage systems has a huge
potential to refer to this information and produce
comprehensive insight via Big-data analytics.
B. 3.2 Spatial analytics applications in agriculture
For developing multidisciplinary applications such as
helping in planning, managing, and utilizing natural resources
efficiently using spatial analysis to develop flexible and
versatile functions and applications, Geospatial data is very
important. Spatial data in agriculture can help farmers to
enhance knowledge of farmland, increase value of farmland,
and market potentials. The major contributors are locationbased and geospatial data applications to big data.
There is an urgent need to manage spatial data at scale
with specialized systems, techniques, and algorithms. A
variety of MapReduce systems and cloud infrastructures (e.g.,
Hadoop, Hive [5], HBase [6], Impala [7], Dremel [8], Vertica
[9], and Spark) are available for big data management. They
do not provide any special support for spatial data. A number
of comprehensive systems that support spatial data
management efficiently are Map Reduce systems such as
Hadoop-GIS [10], ESRI Tools for Hadoop [11],
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SpatialHadoop [12], parallel DB systems such as Parallel
Secondo, and systems that use resilient distributed datasets
(RDD) [13] such as SpatialSpark [14], GeoTrellis[15], and
GeoSpark [16]. Effective use of such systems and
infrastructures is always crucial in application development.
V. EXISTING AGRICULTURAL INFORMATION SYSTEMS AND
APPLICATIONS
It has reviewed the existing ICT based agricultural systems
and applications developed using modern technologies such as
web, mobile, GIS, Big Data, and Big Spatial Data. The
Mobile-based applications [17] developed for the agriculture
domains are depicted in Table 1.
TABLE I.
Mobile
Applications
CropInfo
KisanYogana
Mkishan
Shetkarimasik

Farm-o-pedia

DESCRIPTION OF MOBILE APPLICATIONS IN AGRICULTURE
Describe
India-specific android based application provides
making practices of cultivable crops in Kannada &
English Language.
It provides useful information about Government’s
schemes to the farmers from their perspective.
It is an advisory and information system.
It is a most accepted review magazine in the agriculture
sector, under publication since 1965. It has been
published by the Department of Agriculture,
Maharashtra.
A mobile application developed for the rural
community of Gujarat, INDIA

A. 4.1 Web GIS Based Systems
In agriculture the web-GIS based systems are reviewed
[18,19,20,21,22] have demonstrated and implemented webGIS based information systems for agriculture domain using
traditional GIS tools and technologies. These technologies are
often insufficient to give a complete representation of
analytics in a geographic context. Table 2 shows existing webGIS based applications in the agriculture domain.
TABLE II.
Web GIS
based
Applications
Agrifootprint

Kumar SK et al.

CropScape

Z. Zhu et al.

TABLE 2. WEB GIS BASED APPLICATIONS IN AGRICULTURE
Description
Web GIS based information system which facilitate
small agriculture enterprises by delivering
customized, comprehensive, and user friendly
solutions using open source technology.
An open source web GIS-based decision support
system to monitor and map sugarcane crop at farm
level by using remote sensing and GIS at Medak
district of Andhra Pradesh, India.
An interactive web Cropland Data Layer (CDL)
exploring system which is developed to analyze,
query, disseminate, and visualize CDL data
geospatially through standard geospatial web services
in a publicly accessible online environment.
A study of GIS-based agriculture expert-system
which can provide decision-making services for soil
fertilizer at Hebei farmland.
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Zhang, H. et al.

Web based GIS system for generating online
fertilization recommendation at village scale of Hua
country.

B. 4.2 Big Data Applications
It has reviewed the big data applications and systems that
have been merged in the agriculture domain to manage
complex data at scale. Table 3 shows the existing big-data
systems and applications [23, 24, 25, 26, 27] developed for
agriculture.
TABLE III.

[4]
[5]

[6]
[7]

TABLE 3. BIG DATA SYSTEMS AND APPLICATIONS IN
AGRICULTURE

Big Data
Systems
and
Applicati
ons
Garg, R.
et al.
S.
Lamrhari
et al.
Claudia
Vitolo et
al.
Peisker,
A. et al.
Xie, N. F.
et al.
Chalh, R.
et al.

Objective

A structure for generating
approval solutions for the
paddy leaf blast in Punjab
state, India.
A profile based architecture for
precision
agriculture
to
improve decision making in
real time.
An overview of the current
state-of-art for processing large
and heterogeneous data sets of
web
based
tools
and
technologies.
A conceptual framework for an
integrated analytics approach
towards rural development.
A conceptual system for an
agricultural information system
hierarchy based on big data
technology.
Conceptual architecture of big
data open platform used for
supporting water resource
management.

Big Data Tools and
Technology

Hadoop and Hive

Dynamic big data service
selection and composition
methods are introduced.
Most relevant web based
environment
data
processing tools in the
big-data
period
are
investigated.
No tools and technologies
specified
Scoop, Hadoop, Hive,
Mahout, IBM Infosphere,
Biginsight
No tools and technologies
specified

[8]

[9]

[10]

[11]
[12]

[13]

[14]
[15]
[16]

VI. CONCLUSIONS
This paper has studied an open source and scalable
architecture to manage massively distributed data as well as
spatial data. In comparison with the proposed architecture is
in-memory, the existing platforms and architectures, open
source and cost-effective. The architecture intends to build and
implement distributed and scalable APIs for spatial data
organization on top of analytics and integrated infrastructure.
The architecture is realized to develop analytical services for
agriculture and provide customized solutions in the form of
interactive maps and Restful ad-hoc services to the end users.
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