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More recently, big data tools and technologies have been applied in the
agriculture sector leading to major benefits. Many frameworks have been
proposed that employ big data technologies in the field of agriculture,
however, such existing frameworks are focused on a particular aspect of
agriculture and do not consider multiple stakeholders and applications. The
objective of this research is to develop a holistic framework named Agri-PAD
that encompasses almost all aspects of agriculture including crop selection,
crop monitoring, soil monitoring, weather conditions, precision farming, and
market demand. The Agri-PAD framework includes three major categories of
machine learning based agriculture applications that is precision,
recommendation, and enterprise applications. The Agri-PAD framework is
capable of providing remote sensing of fields, precision farming, effective
supply chain, and support informed decision making leading to enhanced
productivity. To validate the efficacy of the proposed framework, the two
most prominent agricultural applications, crop production forecasting and
crop harvesting recommendation have been investigated and accuracy of 99%
has been achieved. We believe that the Agri-PAD framework enables all
stakeholders in the agriculture cycle to connect and apply big data analytics at
every step leading to a more efficient and smarter agriculture ecosystem.
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1. INTRODUCTION

Agriculture has been considered as the primary means of reducing poverty and improving food
security of the world’s 80% of impoverished people who live in rural areas as per the World Bank reports.
Moreover, agriculture contributes to around 25% of the gross domestic product (GDP) in some developing
countries [1]. Globally, the agricultural industry has been adversely affected by increased droughts, floods,
erratic precipitation patterns, and heat waves brought on by climate change. Additionally, the high population
growth rate and the existing climate-related impacts on agricultural lands, agricultural areas are under more
pressure to provide enough food [2]. To satisfy the increasing food demand, available agriculture land must be
utilized effectively such that sustainable and healthy crops are produced. However, traditional intensive
agricultural practices are causing land degradation and lead to relatively lower yield [3]. Furthermore, the
farmers are unaware about climate changes and market fluctuations in real-time ending up with inappropriate
supply of required crops. Cost of per yield production is increasing due to inefficient utilization of resources
[4]. For example, the fertilizers and pesticides are used extensively without the precise requirement.

Journal homepage: http://ijeecs.iaescore.com


https://creativecommons.org/licenses/by-sa/4.0/

1598 O ISSN: 2502-4752

The shortcomings are addressed by the application of information and communication technologies
(ICT) to agriculture, widely known as smart agriculture [5]. Smart agriculture comprises extensive ICT
infrastructure that generates enormous amounts of data that can be utilized to improve the traditional agriculture
practices [6]. Smart agriculture employing big data, ICT and internet of things (10T) has transformed the
traditional experience-based agriculture and has gained much attention from researchers. Numerous studies are
presented in the literature that provide specific application of smart agriculture including crop forecasting [7],
[8], pest identification [9], [10], precision farming [11], [12], irrigation monitoring [13], [14], smart
greenhouses [15], [16], and supply-chain [17], [18]. But relatively few studies cover all stakeholders of
agriculture.
This research is an attempt to present an effective, complete and scalable framework for smart
agriculture; Agri-PAD. The layered framework focuses on three major components of big data agriculture
applications. The first layer is responsible for sensing real-time data from sensors and is called the perception
layer. The second layer, called the data procession layer, stores and processes the data. The third, and the final
layer comprises various applications which are available to all stakeholders to maximize the agri-productivity.
The major contributions of this reseach are summarized below:
We propose a comprehensive big data analytics framework; Agri-PAD that facilitates agriculture activities
by offering three broad categories of applications that is precision, recommendation and enterprise.

— We demonstrate the implementation of Agri-PAD framework for crop prediction and crop
recommendation.

— We discuss major challenges that hinder adoption of smart agriculture widely.

The rest of the paper is organized as follows: section 2 discusses big data role in agriculture,
section 3 describes the related work, section 4 explains the Agri-PAD framework, section 5 presents potential
use cases of Agri-PAD framework. Section 6 discusses open challenges in the adoption of big data in
agriculture while section 7 concludes the paper.

2. BIGDATA IN AGRICULTURE

Big data is termed as a technological paradigm for data. It refers to massive, heterogeneous, structured,
semi-structured and unstructured datasets that includes text, images, videos, and audios [19]. Big data is
considered as the data generated at high velocity, high volume, and with high variety that require advanced
technologies and algorithms for processing [20]. Big data definitions have evolved rapidly; the following five
dimensions have emerged as common criteria to illustrate big data:

— Volume: the enormous amounts of digital data generated and collected every second from a billion of
devices and applications.

— Velocity: the speed of data creation and generation.

— Variety: the diversity of the data types, sources and their format (e.g., videos, documents, comments, and
logs).

— Veracity: The truthfulness, reliability and accuracy of the data and their sources.

— Value: the usefulness of the collected data i.e., the insights that can be extracted from the big data.

Big data is more inclined towards the capability to search, aggregate, visualize and cross-reference
large datasets in reasonable time to extract information and insights which was previously not feasible, both
economically and technically [21]. Big data applications are utilized in almost every field; engineering,
mathematics, computer science, business, management and accounting, biochemistry, genetics, physics and
astronomy to name a few [19].

Big data in agriculture has immensely evolved the traditional agricultural practices [5]. Major sources
of big data in agriculture include:

— On-field sensors which provides real time insights about farm (biosensors and weather stations).

— Airborne sensors, data captured from drones and satellites.

— Data collected by governmental agencies and third-party organizations such as yearly statistical reports,
rules and regulations.

— Data from web available via online repositories, web services, and social media feeds.

It is evident that the data produced by above-mentioned sources are heterogeneous in nature with
varied level of volume, velocity and variety. However, efficient storage, processing and analysis of such diverse
data for extracting valuable information such as precision farming is guaranteed by the big data proponents
[22]. Big data technologies that can be used for such applications include Hadoop distributed file system
(HDFS), HBase, Cassandra, Spark, Hive, tensorflow and many others [23].
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3. RELATED WORK

Climate change and growing population are turned out as serious threats to food security and major
challenges for agriculture [24]. The total agricultural land utilized for food production has experienced a decline
and with time the gap between demand and supply has become more significant [25]. To meet this rising
demand, farmers need to produce approximately 70% more food by 2050, according to the UN food and
agriculture organization (FAO) [26]. Consequently, the agriculture industry adopted technological trends and
transformed into smart agriculture. Smart agriculture comprises of 10T, cloud computing, big data, and artificial
intelligence improves crop yield, reduces waste, and optimizes supply chains [27].

Various studies have been conducted for improving productivity in agriculture using smart agriculture
solutions. Sarker et al. [5] proposed a conceptual framework incorporating big data technologies to facilitate
farmers at field level. Their proposed solution is a seven-stage model that encompasses extracting data from
the sensors and explains how that big data might assist in accomplishing sustainable agriculture. Liu et al. [28]
proposed an experimental framework to monitor different agricultural aspects such as water, fertilization,
temperature using 1oT and cloud computing. Their framework is capable of acquiring, persisting and
processing sensor data which would help in satisfying farm needs as and when required. A smart agriculture
monitoring system for the detection of soil temperature and moisture was presented in Mekala and Viswanathan
[29]. Analyzing the data with a stated accuracy of 94%, the proposed cloud-based solution may enable efficient
monitoring of specific crop comfort levels and might be an accurate and useful decision tool for farmers.
Cicioglu and Calhan [30] introduced an 10T enabled corn production monitoring system. The proposed solution
monitored the cornfield for soil and air attributes via different sensors and provides crucial information through
graphical interfaces about growth of corn, requirement of water and the actions to be taken for disease risks.
Vincent et al. [31] targets the land suitability assessment and proposed a recommendation model that classifies
the land suitability by employing machine learning models on the big data produced by sensors. The system
assists farmers in classifying the land for cultivation in more suitable, suitable, moderately suitable, and
unsuitable classes. To increase crop production and to control the agricultural cost, Rajeswari et al. [32]
presented a smart agricultural model that predicts the crop yield and choose the best crop sequence based on
previous crop sequences on the same farmland and soil nutrient data.

Apart from crop monitoring, researchers have employed advanced technologies to especially improve
the irrigation processes. Tseng et al. [33] proposed a big data analysis technique to assist farmers in crop
selection. They used a three-dimensional correlation analysis to analyze the irrigation cycle and determine the
farmer's irrigation techniques. The soil moisture content was then computed to identify irrigation and determine
whether the farmer had used pesticides or fertilizers. Nawandar and Satpute [34] proposed an intelligent system
for smart irrigation intending to preserve water resources. Bu and Wang [35] presented a deep reinforcement
learning based smart agriculture system which aims to reduce extraneous water consumption. Further,
Kamienski et al. [36] proposed smart water management architecture for an efficient water irrigation system.
These irrigation systems track the water requirements of crops based on collected data and actuate water flow
in line with expected demands without any human involvement.

The application of smart agriculture is not limited to automating the traditional practices and reducing
human involvement, but also includes fully automated farms that can be operated without any human
intervention [37], [38]. These systems exploit agriculture big data in a robust and effective way. However,
adoption of these unmanned farms is still in its infancy and a number of issues such as governmental and data
security legislations are yet to be addressed.

Despite the challenges, big data remains the driving force behind smart agriculture. The data collected
via sensors and other 10T devices provides detailed insights to the farmer leading to better decision making and
effective utilization of resources. The aforementioned solutions prove that big data technologies have the
potential to revolutionize the agriculture industry. However, each of these solutions has limited scope and is
focused on a single aspect of agricultural activity. To fully utilize the potential of smart agriculture, there is a
need for a platform that integrates all agricultural activities and provides a holistic view to all stakeholders.
Keeping in view the limitations of existing solutions we propose a framework-Agri-PAD that includes the
complete lifecycle of agriculture activities and enables all stakeholders in making informed decisions. The
following sections describe the details of Agri-PAD framework.

4.  Agri-PAD THE PROPOSED FRAMEWORK

This section presents Agri-PAD, a smart agriculture framework that encompasses major agriculture
activities. The integration of various services in a single framework ensures that all stakeholders are facilitated
and that a broad view of the system is presented, which eventually helps in better decision making. The Agri-
PAD framework offers a systematic classification of services and applications leveraging big data analytics.
The Agri-PAD framework consists of three layers i) perception layer, ii) data processing layer and
iii) application layer as depicted in Figure 1. The Agri-PAD framework is scalable and can handle batch and
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real-time data streams. It incorporates a wide variety of techniques and technologies to aggregate, manipulate,
analyze, and visualize big data. The details about each layer are described in the successive subsections.

Recommendation

Historical daia

' Enterprise
Field agriculture to
market
management
Application Layer

based applications
for best agricultural
practices

Data Processing Layer /

Real-time data from sensors and other sources

Perception Layer

Figure 1. Agri-PAD-the scalable framework for smart agriculture

4.1. Perception layer

The perception layer is the first layer of Agri-PAD framework. This layer is horizontally scalable and
includes all data sources as mentioned in section 2. Big data sources in agriculture can be broadly categorized
into 10T devices (ground sensors, weather stations, and airborne sensors), social media posts, and web-based
data i.e., the data stored in databases. The data will be acquired from each source and make available to the
next layer for further processing.

4.2. Data processing layer

The data processing layer is the fundamental layer that acts as a data processing engine. It handles
everything from data storage to knowledge extraction. It first transforms the data into an analysis-ready format.
Then, apply big data tools and technologies to extract relevant insights. Data will be processed in
Apache Hadoop [19], [39] ecosystem as it offers scalable platform for storing, managing and processing big
data. Table 1 summarizes the applications provided by Hadoop. Moreover, it incorporates any programming
language that offers processing of artificial intelligence algorithms.

4.3. Application layer

Application layer is the topmost layer of Agri-PAD framework. This layer is the key layer that
interacts with the users and provides services to the farmers and other stakeholders. The layer consists of
multiple applications that are classified as precision, recommendation and enterprise. Figure 2 provides the
potential applications against each category.

4.3.1. Precision

Precision applications process the real-time data of various sensors and offers monitoring applications.
These applications are providing real-time statistics which help in revealing accurately and precisely the needs
of a farm hence, facilitating farmers in monitoring their farms remotely. Soil, weather, and crop conditions can
be observed without being present on the farm. The requirement of pesticides and fertilizers can be precisely
determined. Farmers will also receive notifications and alerts about the particular need of their farm. With these
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applications, it will be possible for the farmers to perform the precise intervention, at the exact location, at the
right time, responding to the specific demands of individual crops and individual areas of land.

4.3.2. Recommendation

Recommendation applications are predicting the best agriculture practice from sowing to market the
harvested crop. This category of applications is based on the historical data and helps in effective decision
making to all stakeholders of agriculture. Identify crops to study crop rotation, detect expansion and
intensification of row crop agriculture, classify crop types and crop related land use practices, find areas that
are most likely to be affected by damaged crops, estimate food availability are few of these applications.

4.3.3. Enterprise

Enterprise applications will assist in the administration of post-harvest processing to food processing,
and its marketing. Field agriculture to human resources management, inventory, logistics, machinery, profit in
buying and selling can be improved by using such applications. Understanding how management choices affect
sustainability and operational efficiency, improving smallholder farmers' productivity and income, providing
fair and attractive insurance and finance for farmers, facilitating farmers' financing and easier payments, and
connecting smallholders directly with markets are just a few examples of these applications.

Table 1. Apache Hadoop data processing layers

Application Description
Storage
HDFS The native Hadoop data management system. HDFS is scalable, distributed, fault-tolerant and a high-

performance reliable data storage. HDFS is meant to span large clusters of commodity servers and manage
large volumes data files.

NoSQL databases  To handle huge volumes of semi-structured and unstructured data properly at which traditional relational
databases are not designed for these types of data.

Kudu Apache Kudu is an open-source distributed data storage engine that enables fast analytics on real-time data.

Integrate

Apache Flume Flume is designed to collect, aggregate and transfer data from external machines to HDFS. It streams data
form high volume sources and provides real-time analysis.

Apache Kafka Kafka is a publish—subscribe message streaming platform and is distributed in nature. It is used for high-
performance real-time data pipelines, data integration and streaming analytics.

Apache Sqoop Sqoop is a tool dedicated for transferring bulk data between relational databases (e.g. MySQL, SQL and
Oracle) into HDFS and vice versa.

Analyze

Apache Storm Storm provides distributed real-time processing of high velocity with large variety of data. It can also
perform micro-batch processing.

Apache Spark Spark is a batch in-memory computing framework and an efficient alternative to Hadoop MapReduce
programming framework. It offers unified analytics engine comprising SQL, machine learning and graph
processing.

Impala The data warehouse for Hadoop. It structures data at rest on a columnar data format which allows handling

interactive and real-time analysis on big data.

Precision Enterprise
+ Remote farm management « Forecasting accurate crops and crop + Increased agriculture sustainability
* Alerts for crops’ needs rotations and operational efficiency
+ Timely identification of pests « Estimation of crop production + Enhanced insurance and financing
« Efficient use of fertilizers * Classification of land use plans for farmers
« Estimation of food availability + Direct linkage of farmers with market

Figure 2. Big data enabled applications in Agri-PAD framework

5. DISCUSSION AND POTENTIAL USE CASES

Agri-PAD framework aims at providing a real-time view of major agriculture activities along with
valuable insights and recommendations. The shared platform will provide big data applications to the farmers,
crop experts, market owners and other appropriate decision makers. The farmers can monitor their farms and
can communicate data with crop experts and other consultants in real time. These consultants can evaluate the
data and give expert advice. Market owners can effectively forecast the needs and utilize the available resources
efficiently while decision makers can make more productive long-term decisions. The following sub-sections
provide use-cases employing big data analytics on the popular agriculture activities.
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5.1. Crops production forecasting

Crops production forecasting application is an enterprise application type of the Agri-PAD
framework. Accurate and timely forecasting of crop yields is significant for food security and planning of
agricultural markets. Historical big data can be used in predicting the actual need for the years to come. To
evaluate the efficacy of Agri-PAD framework, we have used the production data of crops cultivated in Pakistan.
The statistical production data of all four provinces of Pakistan have been collected by agriculture marketing
information service (AMIS), directorate of agriculture (economics and marketing) Lahore, Punjab. We have
used 7 major crops data which includes wheat, cotton, rice, sugarcane, maize, ground nut and barley. The
dataset includes the production of the crops and area available for crop cultivation in the respective province.

The selected dataset was divided in training and testing sets with 80:20 ratio. The training set was
used to establish model to predict production of crops while the test set was used to test the quality of the
model. Random forest algorithm was applied having 1097.2 RMSE. Figure 3 illustrates the accuracy of the
model which clearly indicates that the model outperformed with nearly equal actual and predicted values for
each crop. Crop production forecasting is essential for policy makers to make timely decisions and Agri-PAD
framework has the tendency to incorporate historical data from different resources and generate effective crop
production estimates that can be used as agricultural production warnings in food-insecure regions. Thus,
empowering decision makers to plan expeditiously.
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Figure 3. Actual production vs. predicted production of crops

5.2. Crop recommendation

Crop harvesting recommendation prior to its cultivation is an effective tool for farmers to increase
productivity with no capital loss. This is a type of recommendation application in Agri-PAD framework. This
application will help the farmers to make an informed decision by recommending the best suitable crop
according to the climate condition before cultivation. To prove its applicability, we have used crop
recommendation dataset available at Kaggle. The dataset comprised of 7 independent and 1 dependent features
with no missing values. The dataset was balanced for 22 crops with features including temperature, humidity,
pH value, rainfall, nitrogen, phosphorous, and potassium.

Naive Bayes algorithm was used for training the model which attained the accuracy of 99%. The
model was able to recommend the crop against the climatic parameters. This model is part of the data
processing layer of Agri-PAD framework that process real-time data via its perception layer, thus enabling
farmers to make appropriate decision instantly.
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6. OPEN CHALLENGES IN ADOPTION OF BIG DATA TECHNOLOGIES IN AGRICULTURE

Big data analytics undoubtedly provides tremendous insights for making better decisions in the
agricultural domain but has not undergone its wide adoption in production agriculture [40]. The open
challenges hindering its way can be broadly categorized into technical and operational challenges. Technical
challenges deal with the installation of technical devices, their management, and the technical expertise
required in disseminating the smooth transfer of data between participating entities. Researchers [41], [42]
asserted that the availability of limited infrastructure and lack of technical human resources to collect, process
and analyze the huge amount of diverse data is the potential barrier in smart agriculture adoption. The collected
data must be consistent, clean, complete and in compliance with the protocols that allow to be pooled into a
centralized server for processing. Hence, the consistency, accuracy, and veracity of big data and its analytics
are critical challenges [43]. Nonetheless, security and privacy remain an inherent concern for all stakeholders
[44]. Another barrier that inhibits smart agriculture from wide adoption is the insufficient internet connectivity.
Transferring data from loT devices to server needs high speed internet connectivity, but the availability of
internet is still critical in rural areas of most developing countries [45].

Operational challenges involve the investment and management of the field and post-agricultural
activities. Transforming the traditional agriculture system into smart agriculture requires huge amount of
investment both in terms of financial cost and time. Further, smart agriculture demands proper maintenance of
the infrastructure and includes certainly high costs for the smooth running of its operations and up-gradation.
Additionally, proper training of farmers is also required to get the maximum benefit. Proper governance and
structure of agricultural big data are still missing and require policy frameworks.

Apart from technical and operational challenges, acceptance of smart agriculture is also hindered by
the lack of trust among its stakeholders. The primary stakeholder, farmer, mostly belongs to the older age group
are less likely to utilize smart agriculture infrastructure as they are more habitual of traditional agriculture
activities. Furthermore, the direct link of farmer to the consumer will end the middleman inclusion and
dominance which would create chaos between them that may result in strong opposition in the adoption of
smart agriculture.

7. CONCLUSION

Agriculture and climate change are inextricably linked. The rapid pace of climate change will have
far-reaching consequences on the agricultural ecosystem. Therefore, to ensure food security, smart agriculture
is the prospective solution. Smart agriculture utilizes big data analytical techniques which have been proved to
be outstandingly beneficial in providing valuable insights leading to better decision-making. In this research,
we discussed the applications of big data analytics in agriculture industry and proposed a framework; Agri-
PAD. The framework consists of three layers i.e., perception layer, data processing layer, and application layer.
Agri-PAD incorporates big data analytics by providing three distinguished categories of applications namely
precision, recommendation, and enterprise applications. Real-time data analytics applications that facilitate
farmers in managing their farms and crops remotely fall under the precision category. Recommendation
applications, based on historical data collected from various sources, provide insights that lead to informed
decision-making. While enterprise applications assist farmers in reaching the market directly, eliminating the
middleman dependence and improving the efficiency of the agriculture supply chain. Further, we present two
use cases of smart agriculture employing machine learning. We also highlight the open challenges that are
serving as barriers to the adoption of smart agriculture widely. Realizing the importance of security and privacy,
we intend to enhance this framework by including a layer to handle data security in the future. In addition, the
work on an integrated testbed to further validate the effectiveness of the Agri-PAD framework can be
undertaken.
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