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Abstract
User-Technological Index of Precision Agriculture (UTIPA) is a comprehensive system based on mutual 
sharing of opinions and experience within community of people related to precision agriculture - farmers, 
technology suppliers and researchers. The main benefit of UTIPA is the possibility to use the calculated 
index level for particular technology (method) for precision agriculture and compare it to other technology 
with regards to different users, crops, regions etc. It evaluates the principle of a technology but does not take 
into account concrete products, brands or manufacturers. The index has significance for the presentation 
of the potential of precision agriculture, development planning and especially for the connection between 
technological innovativeness and usefulness for practice.

The entire solution includes the methodology for the collection, processing and presentation of data  
and software and is available via a Web interface for all common device platforms. Anyone who has interest 
in precision agriculture and contributes their knowledge can use the collected data.
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Introduction
The increasing population and the associated 
increasing demands on the efficient utilization  
of the agricultural potential lead to the incorporation 
of new technologies in many sectors of agriculture. 
Along with the rapid climate changes taking 
place in recent years there is overall change  
in the conditions and methods of agricultural land 
use. Emerging countries need to apply the principles 
of precision agriculture to secure their sustainable 
development (Shen et al., 2010).

The concept of precision agriculture is  
in the interest of the professional public since  
the 1990s. It generalizes the effort to identify 
solutions, tools and processes that can improve 
productivity and profitability while protecting  
the environment (Cambouris et al., 2014). 
Precision agriculture plays a vital role in increasing 
production and is seen as part of the agricultural 
process efficiency and environment-friendliness. 
In summary, the concept of precision agriculture is 
based on observations and measurements followed 
by the appropriate responses - for example through 
the introduction of new technology or by changing 
manufacturing processes. Precision agriculture 

technologies allow farmers to identify problems 
and opportunities and apply solutions with far 
greater accuracy (Lindblom et al., 2016).

The use of precision agriculture constitutes  
a crucial role in reducing the environmental burden, 
especially in reducing the amount of pesticides 
used. When using precision agriculture it is 
possible to achieve 8-10% reduction in the volume  
of pesticides compared to traditional agriculture. 
Such reduction not only has an impact on the financial 
cost of production but also for environmental 
protection (Katalin et al., 2014). In many countries 
precision agriculture is the only possible starting 
point for sustainable development. As mentioned 
by (Akdemir et al., 2014) for example, Turkey has 
no limits on the use of pesticides and fertilizers  
and the use of precision agriculture is therefore 
essential for the future of this country.

Along with the advancement of technology  
from a technical point of view, it is also necessary 
to understand the development of technologies  
for precision agriculture from the user perspective 
- for example within the field of human-computer 
interaction (Lindblom et al. 2016). Specifics  
of interaction between users and technology can 
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then be vital for successful utilization of precision 
agriculture in practice (Kroulík et al., 2009).  
In some cases, the user comfort, stress  
and workload reduction can even be the primary 
benefit of a particular technology. As demonstrated 
by (Holpp et al. 2013) using the RTK (real time 
kinematic) navigation has in addition to improving 
the accuracy of driving and increasing turn speeds 
also a major impact on reducing stress for drivers  
of agricultural machinery.

A key factor in deciding whether a particular 
technology should be incorporated to practice is  
the understanding of agricultural production 
processes. Workers in agriculture management must 
choose among various options for applied research 
and technology and in this decision-making process 
it is the necessary to merge the previous experience 
of the staff and the introduction of new technologies 
and procedures (Kumhála et al., 2003). It is vital 
to establish effective decision models and support 
resources for that particular phase of the production 
process. The basic premise for appropriate decision 
is quick availability of quality data. However,  
the situation in European agriculture is that most  
of the data is fragmented and difficult to interpret.  
The actual potential of data associated  
with precision agriculture is not fully exploited 
(Fountas et al., 2015).

Expansion of precision agriculture elements  
into practice is slow process, as evidenced 
for example by (Schimmelpfennig and Ebel, 
2016). From the perspective of farmers  

the implementation of precision agriculture 
technology also represents an important economic 
decision. The most important factor that can 
accelerate the application of precision agriculture is 
profitability or investment rate of return. For efficient  
transfer of precision agriculture technology  
into practice it is therefore necessary to ensure 
farmers' awareness about the economic benefits  
of these technologies (Katalin et al., 2014).  
The amount and type of actual real-world 
technologies and processes is closely related not 
only to the reasons for deploying these technologies, 
but especially to economic efficiency (Paustian  
and Theuvsen, 2016). Different forms of presentation 
are used to illustrate these phenomena, one 
example might be a characteristic of technological 
developments in precision agriculture using hype 
cycle (Figure 1).

When analyzing current models and procedures 
for the use of precision agriculture it is necessary 
to take into account phenomena that primarily 
lead to the adoption of precision agriculture. 
Recent studies ignore the information, behavioral 
and social aspects leading to the decision to use 
precision agriculture. The studies also ignore  
the political aspects within which agriculture 
operates. Understanding these conditions, which 
may go beyond the primary motivation for using 
precision agriculture, is essential for a better 
integration of new technologies in precision 
agriculture into practice (Tey and Brindal, 2012).

Source: Rakestraw (2016)
Figure 1: Precision Ag Innovation Hype Curve .
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Materials and methods
User-technological Index of Precision Agriculture 
is a complex system that includes a methodology 
for the collection, processing and presentation 
of data and software and is available via a Web 
interface for all common device platforms.

Technical solution

Based on the analyses, UTIPA software solution 
was developed as a modular web application that 
reflects the state of the art processes and technology.  
The app uses freely available software. The portal 
runs on the Apache Web server and is written in PHP 7  
using Nette Framework (Nette Foundation, 2015). 
Data are stored in a database system MySQL.  
The technologies Google chart tools (Lee et al., 
2014),  HTML, CSS and JS Framework Bootstrap 
are used for graphical visualization of the content.

The user interface is designed using responsive 
web technologies (Šmejkalova et al., 2015), which 
allows use of the website on different devices 
(mobile, tablet, desktop) via a Web browser. 

Answer relevance

Data is collected through an online questionnaire, 
which is available on the Internet, resulting  
in two major threats to the data base, which is  
the attack on the questionnaire by a robot  
(Wang et al., 2015) and the other are users who 
fill out the questionnaire without sufficient 
examination. To avert these threats the software 
solution employs two mechanisms:

• Input data must be verified by clicking  
on the link in the sent email.

• Work with user questionnaire is constantly 
monitored by self-learning algorithm that is 
used to verify the relevance of input data. 
The principle of the algorithm can not be 
published for safety reasons.

UTIPA and G-UTIPA calculation

UTIPA (User-Technological Index of Precision 
Agriculture) is calculated for each technology 
separately from obtained relevant data. These 
calculations do not include data from general public. 
Index consists of two parts, the numeric values  
and additional character. The numeric part  
of the index has value between 0 and 1 and reflects  
the degree of usefulness and sophistication  
of the technology. The numeric value can be 
supplemented by character which can be either 
“u” or “t” and expresses better ranking in favor 
of usefulness for practice or technological 
advancement - the location in the chart in Figure 5.  

The numeric index is calculated as the sum 
of averages of responses in technological 
advancement and usefulness for practice. The result 
is then normalized to the interval <0-1>. The exact 
formula for calculating numerical value of UTIPA 
is as follows:

where:

n – number of respondents
u – respondent answer – usability in practice
t – respondent answer – technological sophistication
xmin – minimum value of the original interval
xmax – maximum value of the original interval
ymin – minimum value of the new interval
ymax – maximum value of the new interval

Once the minimum and maximum values  
of the original and the new interval are input  
into the formula it can be simplified to the following 
form:

According to the algorithm in (Figure 2) it is 
decided whether to use the additional character.

Source: author
Figure 2: The algorithm for making additional character  

for UTIPA.

n – number of respondents
u – respondent answer – usability in practice
t – respondent answer – technological sophistication
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Comparison of assessments

One of the main functionalities of the UTIPA 
application is that it allows you to view  
and compare various assessments to each other, 
for example different groups of respondents, 
land development over time or own assessment  
of individual technologies with the assessment 
of other evaluators. This comparison consists  
of two parts - the graphical display and a number 
expressing the distance of the self-evaluation  
from assessment of other respondents. This distance 
is calculated by the following formula:

where:

d – distance of own assessment from assessment  
of other respondents

n – number of respondents
ur – own answer – usability in practice
u – respondent answer – usability in practice
tr – own answer – technological sophistication
t – respondent answer – technological sophistication

Results and discussion
The purpose of the "User-Technological Index  
of Precision Agriculture" is to convey the knowledge 
of users, suppliers and researchers in the use  
of modern technology in agriculture. It is primarily 
based on a five-point evaluation of selected 
technologies (methods) of precision agriculture  
in terms of technological advancement  
and usefulness for agricultural practice. It evaluates 
technologies in principle and does not reflect 
specific products, brands or manufacturers.

To achieve the best level of technological 
sophistication (5 points) evaluated methods  
of precision agriculture generally need to have 
proven performance and reliability, contain user 
interface for use in agricultural practice and have  
to be mass produced, ideally by several 
manufacturers. As the worst level in this context 
(1 point), we consider technologies based only  
on theoretical considerations.

For the highest level of usefulness for practice 
(5 points) evaluated methods must show 
tangible increase in economic efficiency, quality  
and quantity of production, organization and level 
of control of the production process, welfare, etc. 

The perception of the potential of assessed methods 
for solving production shortcomings of currently 
used technologies also contributes for higher scores 
in this regard, as it shows needs for innovation 
in the production area. The worst level in this 
evaluation means there is high ambiguity in usage 
and potential benefits.

Rating is based on individual knowledge  
and experience of the respondents. An important 
characteristic of the evaluated technology is also 
its unfamiliarity among the respondents. The index  
is calculated on the basis of awarded points  
and can be used to compare the various technologies, 
respondent groups, countries and changes over time, 
etc., but also to compare one’s ratings with rating  
of other respondents. At the same time the obtained 
values allow for visualization which offers many 
new insights and findings, e.g. to compare and 
split rated technologies into four basic groups  
(Figure 3):

Source: author
Figure 3: Comparing the potential of technologies in precision 

agriculture.

•	 Vision - this expresses the intention, finding 
technological solutions and method of use

•	 Potential - perfect technological solution, 
the problem is with efficiency and usability

•	 The need - the need in practice, the problem 
is with technological development

•	 Practice - target state of perfect technological 
solutions, economic efficiency and high user 
applicability in practice
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Basic forms of presentation of data

Comparing technologies

Basic display of User-Technological Index  
of Precision Agriculture. The X axis shows  
the "usefulness in practice” and Y axis shows  
the “technological advancement." By plotting  
the values that are statistically treated we get  
a quick overview diagram for comparing  
the selected precision agriculture methods and their 
use in practice (Figure 4).

Source: author
Figure 4: Visualization of comparing precision agriculture 

technologies with UTIPA.

Technology unfamiliarity

UTIPA calculation is based only on assessments 
that have been assigned points (1-5). A specific 
evaluation method of precision agriculture is  
the ratio of respondents who lack the knowledge 
about a technology and choose the "I cannot 
judge." option when assigning their evaluation. 
The output is then a comparison of unfamiliarity  
of technologies (Figure 5).

Source: author
Figure 5: Ratio of respondents, who are unfamiliar with given 

precision agriculture technology.

Rating scattering

The principle of a heatmap is used for graphical 
presentation of scatter of the individual technology 
ratings. The red color represents the greatest 
occurrence, yellow represents successively 
smaller occurrence and green to turquoise denotes  
the smallest incidence (Figure 6).

Source: author
Figure 6: Heat map of occurrence of assessments by individual 

respondents.

Comparing assessments

One of the main benefits of UTIPA is that it allows us 
to compare the level of use of precision agriculture 
methods with each other, according to different 
users, crops, regions etc. In the basic XY chart 
it displays a color-coded comparison of ratings.  
Figure. 7 shows the comparison of self-evaluation 
with the overall average.

Source: author
Figure 7: An example of comparison of assessments  

from different respondents.
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Conclusion
Finding the relationship between technological 
innovations, economic efficiency and practicality is 
addressed from the beginning of the development 
of precision agriculture. There are a number  
of technologically advanced methods, which 
did not achieve the expected use in practice.  
On the other hand, there is real demand of farmers 
for technological development in many areas. 
Efficiency and usability depends on local conditions 
and type of cultivated crops and varies in different 
countries and evolves over time.

User-Technological Index of Precision Agriculture 
is a complex system for the international community 
of people related to precision agriculture, it is 
accessible to anyone who respects the rules of use. 
It works on the principle of "what data I provide 
is the type of data I gain access to". It enables 
long-term monitoring of developments and trends  
in precision agriculture. It has significance  
for the presentation of the potential of precision 
agriculture, development planning and above all 
to find the relationship between technological 
innovativeness and usefulness for practice.

This benefits all the stakeholders. Farmers can find 
out whether a given technology is useful and has 

real importance. Suppliers need to know what their 
customers (farmers) want or expect, but also how 
they perceive their products. For academia it can be 
a source of data for science and research. Finally, it 
can help to raise awareness about the technologies 
of precision agriculture among professionals.

During following research activities the software 
solution will continue to be developed. It is  
expected to include a detailed overview  
of the various technologies in the web application  
so that it can be used as a reliable source  
of information. Visualization will be subject  
to further research as to deliver significant outputs 
for individual target groups. One of the goals 
is to tighten the links and cooperation between 
farmers, suppliers, academia and the professional 
community.

UTIPA system is freely available as a web 
application at https://www.utipa.info/.
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