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In today’s world because of increasing competition, shifting customer demands and expectations

firms have to shorten their time-to-market, increase their flexibility and efficiency. Industry 4.0
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applications as meet these requirements gain popularity. Awareness of the necessity of Industry 4.0
applications for excellent customer experience and great innovation capacity and studies searching
advantageous applications for related sectors are increasing day by day. In this context, the

agriculture sector, like other sectors, adapts to the changing conditions within the scope of Industry
4.0, and the concept of Agriculture 4.0, which includes digital agricultural technologies, appears.
This study provides a detailed framework for the transition from Industry 4.0 to Agriculture 4.0 and
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digital agricultural tools. In addition, it is aimed to contribute to the literature by choosing the best
alternative by evaluating these digital agricultural tools with the Analytical Hierarchy Process
method according to cost, income, applicability and practicality criteria.

1. Introduction

Industry 4.0 represents the newest level of digital
solutions offered by new production understanding and
current technological developments, where concepts of
speed, flexibility, efficiency, cost and innovation come to
the fore. With increasing competition and changing
customer expectations in today's world, companies should
shorten their time to market, be flexible and increase their
efficiency in order to achieve sustainable success. At this
point, Industry 4.0 creates new production processes that
communicate with each other, collect and process real-time

big data and make decisions with autonomous mechanisms.

!Cyber-physical systems aim to create “Smart Factories” of
Industry 4.0 which includes the Internet of Things (loT)
and cloud computing technology [1]. In smart factories,
cyber-physical systems observe physical processes, create
a virtual copy of the physical world and make the final
decision through distributed decision mechanisms. With
10T technology, cyber-physical systems communicate with
each other and machine-machine, machine-human
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collaborations are established in real-time, and instant data
and information are transmitted to internal and external
participants in the value chain of the organization through
internet services [2].

Industry 4.0 refers to the 4th Industrial Revolution,
which includes intelligent, connected and decentralized
production (Figure 1). The first industrial revolution
(Industry 1.0) emerged with the introduction of steam
power in mechanical systems. The second industrial
revolution (Industry 2.0) started with electricity, assembly
lines and mass production. The third industrial revolution
(Industry 3.0) was accomplished by replacing people
working in the production line of computerized production
and automation, robots and machines, and the introduction
of information technologies. Today, with the fourth
industrial revolution (Industry 4.0), computers and
automation come together with a brand-new structure and
equipped with machine learning algorithms, computer
systems control robots with a minimum human
contribution [3].

The concept of Industry 4.0 was first mentioned at the
Hannover Fair in Germany in 2011 and Germany and the
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US, which lost their production power to countries like
China and India, determined this reducing manpower

Industry 1.0

anical productior

Industry 2.0

Figure 1. Industrial revolutions (Source [3])

In this context, the agriculture sector, like other
sectors, adapts to the changing conditions within the scope
of Industry 4.0, and the concept of Agriculture 4.0, which
includes digital agricultural technologies, appears. This
transformation is actually a necessary step to take against
the threats expected in the future, because the world
population will be more than 9.6 billion by 2050,
according to the report titled "World Population
Expectation™ prepared by the United Nations (UN). That
will cause a 70% increase in food consumption and also
agricultural production is projected to decrease by 2% in
the next decade, as 12 million agricultural lands
deteriorated every year. The observations of the last five
years indicate the loss of an average of 5.2 million hectares
of forest land each year [5]. Smart and sustainable
agriculture practices with Agriculture 4.0 technologies aim
to be environmentally friendly, to achieve high
productivity with fewer resources, and to be economical
and practical.

In this study, the transition process from Industry 4.0
to Agriculture 4.0 and new technologies related to digital
agriculture will be discussed, and the evaluation of digital
agriculture technologies with the analytical hierarchy
process (AHP) method will be carried out according to the
cost, income, applicability and practicality criteria.

1.1. From Industry 4.0 to Agriculture 4.0

In the age of Industry 4.0, digital technologies
developed and used thanks to the integration of data and
the connectivity of their resources have developed highly
efficient and sustainable production models. A more
efficient and sustainable structure in the agricultural sector
is considered as a natural result of the transfer of the
Industry 4.0 approach to this sector [6]. As expected, the
agricultural sector is changing like other sectors and is

impact on the production model as their new industrial
strategy [4].

becoming much more technology and knowledge-intensive.
Behind this, the concern of offering sustainable and
affordable prices and more crops to the growing population
with fewer resources in the coming periods lies and
digital/smart agriculture principles are offered as a solution
to this problem [7-8]. Traditional production methods turn
into modern, productive and innovative forms, farmers
realize the increasing importance of managerial activities
and harmony with nature as well as production [9]. The
meaning of the agricultural sector today shifted to smart
agriculture, nature-friendly and water-saving agriculture,
efficient agriculture and digital agriculture is the most
necessary, effective and most appropriate approach for this
transformation [10].

Digital agriculture is not the result of an instantly
developing process, it has followed a path parallel to the
development stages of the industrial revolution and this
process has brought us to today's “Agriculture 4.0” [1]:

-Agriculture 1.0: It is a labor-intensive and low-
yielding form of agriculture carried out with animal power
in the early 20th century.

- Agriculture 2.0: Started with the use of combustion
engines and tractors in agriculture, another feature of this
period is high volume production with synthetic pesticides
and fertilizers with low cost.

- Agriculture 3.0: Precision agriculture practices
started with the opening of military GPS (Global
Positioning System) signals for public use. Precision
agriculture is defined as the management of variability in
order to increase productivity and minimize the impact of
environmental factors. With GPS signals and satellite
images, terrain features, organic matter contents, moisture
and nitrogen levels, crop efficiency, etc. can be measured.
Similarly, decision support systems and agricultural
software related to instant maps have been developed.

- Agriculture 4.0: In the 2010s with the development
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of cheap and advanced sensors, actuators, microprocessors;
high bandwidth in the cellular communication system;
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Figure 2. Agriculture 4.0 (Source [11])

Digital agriculture, as a knowledge-based agriculture
model, provides support to the manufacturer in
management of resources, the efficiency of business
operations and decision making by the collection and
processing of high-precision, instant and personalized data
with the technological tools offered by Industry 4.0, How
agricultural components come together in the Agriculture
4.0 concept is summarized in Figure 2.

Internet of Things (10T), one of the most important
technologies of Industry 4.0, is the main component of the
related agricultural practices in Agriculture 4.0. loT is
based on the natural environment and any measurable
physical size, such as temperature, humidity, pH, gas rates,
light intensity. The raw data collected by various sensors
placed in the product area are transmitted to cloud
computing systems for storage using wireless gateways or
other methods required for human-machine, machine-
machine communication. The data in the cloud
environment is transmitted to the farmers so that they can
make better decisions directly or by processing [8-12].
With sensor technology, farmers are given detailed
information on the fertilizer type they need to use, weather
and soil conditions, irrigation and mineral amount,
estimated harvest time, and this way, it is aimed to obtain
high-level efficiency by managing their resources correctly
[13]. An exemplary study on reducing water consumption
with 10T was carried out with Bosh smart technology used
in olive groves in Spain. With the wireless sensors placed
on the trees, precise irrigation is made according to the
weather conditions and actual needs. Similarly, Rajakumar
[14] and Kumar and Ramasamy [15] have developed
digital systems that automatically start and shut off
irrigation if the humidity level is low with the soil moisture
sensor and instantly transfer the current measurements via
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cloud-based information communication technology and
big data analytics leaded connected agricultural practices.
5. System of Systems

Weather Weather Forecasts
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Management
System

the 10T module. Again, by monitoring the soil properties
and environmental factors with sensors, studies to find the
ideal environment conditions for systems and plants that
take automatic action have become prominent in recent
years [16-17]. Another usage area of 10T and sensors is the
monitoring of livestock and animal products [13-16]. With
RFID technology counting and monitoring of animals,
keeping the statistics in the process from birth to sale and
providing security with the tracking mechanism has
become extremely easy [18]. German CLASS company
proposes a proactive approach by informing the producers
via SMS with sensors attached to animals during
pregnancy or disease situations. Following the herd with
the Connected Herd Management application, the animal
herds can be followed instantly [19]. The use of 10T in the
agricultural sector has increased the functionality of the
existing tools by making the physical environment a part of
the information flow, and the collection and processing of
a wide variety of information have accelerated the
development of the agricultural sector from greenhouse to
animal husbandry [20]. According to the research carried
out by Business Insider, while 30 million objects in
agriculture are interconnected in 2015, this figure is
projected to increase to 75 million in 2020, which also
indicates a 20% growth in the economy.

According to the report published by the United
Nations, two-thirds of the population will live in urban
areas by 2050, which will reduce its agricultural workforce
potential. The importance of autonomous systems, one of
the new digital solutions to reduce the workload of farmers,
is increasing with this statistic. With the developing object
detection and radar technology, the developments in
autonomous Vvehicle technology increase the applicability
and decrease the costs. Robotic and autonomous vehicles,
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which are among the components of Industry 4.0, have
been transferred to the agriculture sector in a similar way,
and agricultural vehicle applications that automatically
recognize and talk to each other have started to appear with
Agriculture 4.0 [11]. Agricultural robots aim to increase
productivity by automating standardized and repetitive
work (such as harvesting, mowing, pruning, seeding,
spraying, phenotyping, packaging) for farmers [21]. While
autonomous systems in agriculture and robotics are defined
as the application process of robotics, automatic control
and artificial intelligence techniques in all kinds of
agricultural production -including farmbots and farm
drones- one of the most important technologies is drones,
which are small unmanned vehicles with cloud connections
and cameras [12-13]. Drones, which can display the entire
production area and take instant action, as well as carry
loads such as fertilizer, water, increase work efficiency and
reduce costs. In the Agriculture 4.0 report published by
Oliver Wyman in 2018, drones have given wide coverage
and usage areas of this technology shared as 3-D mapping,
soil and field analysis, providing data for the best planting
area decision, sowing, fertilizing, irrigation, spraying
activities, harvest imaging and harvest health screening.
Hektag agriculture firm in Turkey started to collect
significant information on optimum plant growing
conditions via drone and sensor technology and create a
library by analyzing the collected information [22].

2. Materials and Methods

The development of digital agriculture in our country
has started to be supported by state policies, and an action
plan and roadmap have been created for the Agriculture 4.0
transformation. The number of producers that support and
nurture this strategy and keep pace with digital
transformation is increasing. Thus, the decision to make
the right technology investment for the manufacturer is
becoming more and more critical day by day. As what kind
of factors or variables need to be considered for
agricultural policy and decision-makers is a challenging
topic mostly economical and technical factors have been
seen as the main criteria for agricultural investment
decisions [23-25]. In this context, an AHP study based on
cost, income, applicability and practicality criteria is
conducted for both agriculture and animal husbandry
sectors.

2.1. Analytical Hierarchy Process (AHP)
Analytical Hierarchy Process (AHP) was designed by

Thomas L. Saaty in the 1970s to solve complex decision-
making problems involving multiple criteria. AHP is based

on analyzing the problem with a hierarchical model
consisting of goals, criteria and alternatives and reaching
the appropriate solution with pairwise comparisons. It is an
approach that can solve large-scale, dynamic and complex
multi-criteria decision-making problems [26]. The stages
of the AHP method can be summarized as [27]:

-Defining the problem, determining the main goal

-Determination of decision criteria

-Determination of decision alternatives

-Creating the hierarchical structure of the problem

-Pairwise comparison of criteria

-Pairwise comparison of alternatives and calculation
of their priorities according to criteria

-Selection of the highest priority alternative

The scale 1-9 of Saaty is used to perform pairwise
comparisons (Table 1), and to determine whether the
comparisons are consistent, the consistency ratio (CR)
should be calculated for each matrix after the comparison
matrices are configured. However, if the CR value is less
than 0.10, pairwise comparisons can be said to be
consistent and the highest priority alternative can be
decided.

Table 1. The comparison scale in AHP (Source [28])

I mﬁ)_(;:/t;nce Definition
1 Equal importance
3 Weak impotance of one over another
5 Essential or strong importance
7 Demonstrated importance
9 Absolute importance

2468 Int_ermed_iate values between the two
adjacent judgements

2.2. Hierarchy Models and Application

Following the process steps of the AHP method, two
separate applications were carried out for the agriculture
and animal husbandry sectors.

-In the determination of the main target, which is the
first step, the target has been defined as “Selection of the
best Agriculture 4.0 technology for the agriculture sector”
and “Selection of the best Agriculture 4.0 technology for
animal husbandry sector”.

-Both literature review and expert opinions were
consulted during the determination of criteria and
alternatives, where the criteria were determined as cost,
return, applicability and practicality for both sectors (with
different weights). While the alternatives for the
agricultural sector were a drone, soil sensor and
autonomous tractor technology, animal sensor, associated
herd application and milk scanner technology alternatives
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were evaluated for the animal husbandry sector.

-Pairwise comparisons were made by three experts,
who are academics with PhD in the agricultural area.
Experts opinions were collected via mailing (as an excel
sheet) with the request of pairwise comparison of criteria
and pairwise comparison of alternatives and calculation of
their priorities according to criteria. Expert evaluations
were singularized using the geometric mean method and a
compromise value was obtained.

-Super Decisions package program was used in the
implementation of the AHP method.

GOAL

|

CRITERIA

1)Cost 2)Income 3)Applicability 4)Practicality

AITERNATIVES

A)Drone  B)Soil Sensor C)Autonomous Tractor

Figure 3. Hierarchy model for agriculture
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A)Animal Sensor B)Associated Herd App. C)Milk Scanner

Figure 4. Hierarchy model for animal husbandry

3. Results and Discussion

According to the analysis conducted with Super
Decisions software, the priority values for criteria and
rankings of alternatives have been obtained for two sectors.
For agriculture income was found as the most important
criteria and followed by the criteria cost, applicability,
practicality respectively. Similarly, despite the different
limiting values, the orders of the criteria for animal
husbandry have been obtained as income, cost,
applicability, practicality respectively. In the selection of
the best alternative, the soil sensor, one of the Agriculture
4.0 technologies for the agricultural sector, came to the
fore with its cost advantage and applicability and was
chosen as the best alternative within the criteria. Similarly,
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for the animal husbandry sector, it was decided on the
sensor technology attached to the animals as the best
alternative with its cost advantage and the ability to
provide fast returns.

Table 2. Priorities of criteria for agriculture

Normalized by
Criteria Cluster Limiting
Income 0,564 0,282
Cost 0,255 0,128
Applicability 0,113 0,056
Practicality 0,068 0,034

Table 3. Priorities of criteria for animal husbandry

Criteria Normalized by Cluster | Limiting
Income 0,503 0,251
Cost 0,285 0,143
Applicability 0,114 0,057
Practicality 0,098 0,049

Table 4. Results for alternatives for agriculture

Alternatives Ideal Normal Raw Rank
Soil Sensor 1 0,575 0,287 1
Drone 0,562 0,323 0,161 2
Autonomous | 79 0,103 0,051 3
Tractor

Table 5. Results for alternatives for animal husbandry

Alternatives Ideal Normal Raw Rank
Animal Sensor | 1 0,465 0,233 1
Milk Scanner | 0,643 0,299 0,15 2
Associated

Herd 0,506 0,235 0,117 3
Application

4. Conclusions

Due to the paradigm shift based on changing
customer demand and expectations for gaining competitive
advantage companies focused on being flexible, fast and
efficient. Industry 4.0 applications serve these needs with
their digitalized tools and emerge as a concept that
increases its popularity. Similarly, the agriculture sector
adapts to changing conditions within the scope of Industry
4.0, and the Agriculture 4.0 concept, which includes digital
agriculture technologies, stands out especially in terms of
optimum use of resources in the face of expected
population growth. In this study, the transition process
from Industry 4.0 to Agriculture 4.0 and new technologies
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of digital agriculture are mentioned.

Although there are studies that presents conceptual
frameworks on Agriculture 4.0, need for analytical
approaches on the area is emerging. In this context, this
study aims to close a gap by presenting an AHP based
decision making approach on digital agriculture
technologies for agriculture and animal hushandry sectors.
For the decision-making process criteria were obtained as
income, cost, applicability and practicality due to the
literature review and field experts’ opinion. Similarly,
alternatives for digital solutions were gathered from
literature and chosen with field experts. As the result of the
study, it has been decided that soil sensor technology is the
best alternative for the agricultural sector, where the
technological infrastructure and the availability of the
necessary information bring the cost advantage. Similarly,
in the animal husbandry sector, the sensor technology
attached to the animals is obtained as the best alternative
with its cost advantage and fast return.

When the outputs of the study are considered from a
managerial point of view, it has come to the forefront that
the income and cost balance (criteria) have priority at the
investment point. At this point, it is usual to proceed with
an alternative that can provide a fast return on investment
and offer a cost advantage. While sensor technology is the
backbone of Agriculture 4.0, it has become the top priority
alternative with the cost advantage of its prevalence and
applicability.
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