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PREFACE

Information technology is an everyday means that is found in all walks of life today. This is also true
for almost all areas of agricultural management. The aim of this Journal is to improve scientific
knowledge dissemination and innovation process in the agri-food sector. The Journal of Agricultural
Informatics has been established in 2009 by the HAAI within a project of the Hungarian National
Development Plan Framework. The peer-reviewed journal is operating with international editorial and
advisory board supported by the EFITA (European Federation for Information Technology in
Agriculture Food and the Environment).
Agricultural informatics serves not only the development of the management systems of the industry
but also obtaining and publicising information on production, organisation and the market for the
producer.
Technologies into network based business systems built on co-operation will ensure up-to-date
production and supply in food-industry. The sector-level approach and the traceability of processed
agricultural products both require the application of up-to-date information technology by actors of
domestic and international markets alike.
This journal serves the publication as well as familiarization the results and findings of research,
development and application in the field of agricultural informatics to a wide public. It also wishes to
provide a forum to the results of the doctoral (Ph.D) theses prepared in the field of agricultural
informatics. Opportunities for information technology are forever increasing, they are also becoming
more and more complex and their up-to-date knowledge and utilisation mean a serious competitive
advantage.
These are some of the most important reasons for bringing this journal to life. The journal
“Agricultural Informatics” wishes to enhance knowledge in the field of informatics, to familiarise its
readers with the advantages of using the Internet and also to set up a forum for the introduction of their
application and improvement.
The editorial board of the journal consists of professionals engaged in dealing with informatics in
higher education, economists and staff from agricultural research institutions, who can only hope that
there will be a demand for submitting contributions to this journal and at the same time there will also
be interest shown toward its publications.

Prof. Dr. Miklós Herdon
Chair of the Editorial Board
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ABSTRACT
Identifying vegetation from satellite images is very necessary for studies related to
agricultural sector. Enhancing the quality and classification of satellite images is a
challenge especially when study areas contain complex vegetation. The study aimed to
enhance the image classification based on using extraction tool of the ArcGIS. In the
present study, the classification of Landsat satellite images before and after extracting
specific areas covering vegetation using the ArcGIS was compared. Two regions in
Egypt, one with complex vegetation located at Siwa Oasis and the other one with simple
vegetation located at Abu Simbel region, were used in this study. Then, several polygons
were used to extract specific areas covering vegetation from the satellite images. Images
were subsequently classified using Iso cluster unsupervised classification tool. The
classification outcomes were compared between the original images before extraction
with images after extraction. The results showed that extraction tool greatly enhanced the
quality and classification of the image and it was possible to identify different types of
vegetation.

1. Introduction
Satellite images can be used in many applications and vegetation from these images has special
importance for agriculture. For example, changes in land cover have been studied utilizing satellite
images and geographical information system (GIS) at El-Behera governorate in Egypt to understand
effects on honey production (Abou-Shaara 2013). Also, floral resources for honey bee colonies can be
mapped using GIS (Ausseil 2018) including potential sources for resin (Abou-Shaara and Eid 2019).
The vegetation layer is important during GIS analysis for specific agricultural activities including
beekeeping as an example (Abou-Shaara 2019). It is possible to specify the most suitable locations for
apiaries based on many layers including vegetation and distance from plants (Estoque and Murayama
2010; Amiri et al. 2011; Amiri and Shariff 2012; Yari et al. 2016). It is also possible to determine
honey production from honey bee colonies utilizing vegetation layer (Adgaba et al. 2017; AbouShaara 2019). Moreover, GIS has many applications including planning for different agricultural
activities (Abou-Shaara et al. 2013; Ambarwulan et al. 2017).
The quality of the satellite images and correct classification are the main challenge during studies
on land cover and vegetation. The method of multispectral classification is a conventional method and
has been developed to visualize buildings (Zhang 1999). Other various techniques have been
developed to classify and analyse satellite images especially in regard to vegetation including combing
two data source to estimate forest variables (Holmström and Fransson 2003), using image fusion to
detect fruits (Bulanon 2009), using post-classification enhancement after the classical maximum
likelihood classifier (MLC) to Landsat images to improve the classification results (Manandhar 2009),
and using spectral signature generalization to improve image classification accuracy (Laborte 2010).
Searching for more methods to enhance image classification is very necessary to obtain clear
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vegetation maps. The map with clear vegetation can be precisely handled using GIS and other map
analysis programs to extract required information. In this study, shape extraction was used to enhance
classification of Landsat satellite images to visualize vegetation and was tested using locations with
complex and simple vegetation.

2. Methods
2.1. Satellite images
Landsat 8 Operational Land Imager (OLI)/ Thermal Infrared Sensor (TIRS) Collection 1 (C1)
Level 1 images (March 2018) with 30-meter resolution for two locations were used in this study. The
first location had complex vegetation (Siwa Oasis, 29° 10' 53.76" N, 25° 30' 5.76" E). A Google earth
image for this location is shown in Figure 1. The second location had simple vegetation (Abu Simbel
region, 22° 24' 21.6" N, 31° 32' 41.64" E). A Google earth image for this location is shown in Figure
2.

Figure 1. A Google earth image for a location at Siwa Oasis (a) with complex vegetation (b)

Figure 2. A Google earth image for a location at Abu Simbel region (a) with simple vegetation (b)
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2. 2. Band composition, extraction, and image classification
The ArcGIS 10 was used to perform the analysis utilizing the satellite images taken during
spring 2018. The arrangement of bands as 4-3-2 was used to obtain the natural colours of the two
locations. Then, polygons were drawn around specific areas covering vegetation and were extracted
from the satellite image (Figure 3). The extraction was done using extraction tool of the ArcGIS. So,
the steps of the analysis can be summarized as: 1) obtaining the satellite images for the study locations
during Spring 2018, 2) map bands were arranged to visualize natural colours of the image to locate
vegetation areas, 3) polygons were drawn around vegetation areas, 4) extraction tool of the ArcGIS
was employed to extract vegetation from the satellite images, and 5) the images were classified using
Iso cluster unsupervised classification tool into different classes according to land cover type (each
class represents specific land cover type).

Figure 3. Shapes used to extract areas from the satellite images of locations at Siwa Oasis (a) and Abu Simbel
region (b)

The vegetation areas in the original images were then compared with those in the new images
after using extraction option. The original and the extracted images were also classified using Iso
cluster unsupervised classification. Then, the classified images were compared to find out the effects
of extraction on image classification results.

3. Results and Discussion
3.1. Complex vegetation
Extracting the specific locations covering vegetation from the satellite images followed by using
band composition (4-3-2) greatly enhanced the visualization of the image in comparison with the
image without extraction (Figure 4). It is apparent from the images that the colours of the extracted
areas are clearer and darker than the original image without extraction.
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Figure 4. Natural colours of the satellite image for a location at Siwa Oasis before extraction (a) and
after extracting specific areas covering vegetation (b).
The unsupervised classification presented in Figure 5 clearly shows that the extracted image has
more correct details than the original one. Four classes (from 2 to 5) covered vegetation but in the
original image without extraction some urban areas were wrongly classified as vegetation. The
classification was correct and precise in the extracted image unlike the original one. It is possible to
identify different plant types in the extracted image more so than the original one. This indicates that
using extraction option can reduce errors during image classification.
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Figure 5. Iso unsupervised classification for the satellite image for a location at Siwa Oasis before extraction (a)
and after extraction (b) using shapes. The black arrows denote to some urban areas. Classes from 1 to 10 reflect
the identified land cover types.

3.2. Simple vegetation
Similarly to the location with complex vegetation, the extracted image for a location with simple
vegetation was clearer than the original image (Figure 6). Also, the natural colours in the extracted
image were darker than the original one without extraction. Two classes (2 and 3) were given to
vegetation in the original image while three classes were given to vegetation in the extracted image
(Figure 7).
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Figure 6. Natural colours of the satellite image for a location at Abu Simbel region before extraction (a) and
after extraction (b) using shapes.

The classification was better and more precise in the extracted image than the original one,
indicating the classification of vegetation according to plant type (e.g. trees, field crops, or grasses) in
the extracted image (Figure 7). This confirms that classifying images after extracting specific areas
give better results than classifying the original satellite images without extraction.

Figure 7. Iso unsupervised classification for the satellite image for a location at Abu Simbel region without
extraction (a) and after extraction (b) using shapes. Classes from 1 to 5 or from 1 to 3 reflect the identified land
cover types.
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4. Conclusion
This study proves that using extraction tool in the ArcGIS to separate areas with vegetation from
the satellite image befor classification can greatly improve the image classification results instead of
classifying the whole areas (vegetation and periphery). The ffeciency of this method was proved using
two types of land cover: one with complex vegetation at Siwa Oasis and the second one with simple
vegetation at Abu Simbel region. The classification results of the both locations were greatly enhanced
after using extraction tool. Therefore, researchers are advised to extract specific areas with vegetation
from the satellite images prior to the classification.

References
Abou-Shaara, HF 2013, Using geographical information system (GIS) and satellite remote sensing for
understanding the impacts of land cover on apiculture over time. International Journal of Remote Sensing
Applications, Vol. 3, No. 4, pp. 171-174. https://doi.org/10.14355/ijrsa.2013.0304.01
Abou-Shaara, HF 2019, Geographical information system for beekeeping development. Journal of Apicultural
Science, Vol. 63, No. 1, pp. 5-16. https://doi.org/10.2478/JAS-2019-0015
Abou-Shaara, HF & Eid, KSA 2019, Increasing the profitability of propolis production in honey bee colonies by
utilizing remote sensing techniques to spot locations of trees as potential sources of resin. Remote Sensing
Letters, Vol. 10, No. 9, pp. 922-927.
https://doi.org/10.1080/2150704X.2019.1633488
Abou-Shaara, HF, Al-Ghamdi, AA & Mohamed, AA 2013, A suitability map for keeping honey bees under
harsh environmental conditions using Geographical Information System. World Applied Sciences Journal, Vol.
22, No.8, pp. 1099-1105. https://doi.org/10.5829/idosi.wasj.2013.22.08.7384
Adgaba, N, Alghamdi, A, Sammoud, R, Shenkute, A, Tadesse, Y, Ansari, MJ, Sharma, D, Hepburn, C 2017.
Determining spatio-temporal distribution of bee forage species of Al-Baha region based on ground inventorying
supported with GIS applications and Remote Sensed Satellite Image analysis. Saudi Journal of Biological
Sciences, Vol. 24, No. 5, pp. 1038-1044. https://doi.org/10.1016/j.sjbs.2017.01.009
Ambarwulan, W, Sjamsudin, CE & Syaufina L 2017. Geographic information system and analytical hierarchy
process for land use planning of beekeeping in forest margin of bogor regency, Indonesia. Jurnal Silvikultur
Tropika, Vol. 7, No. 3, pp. 50-57.
Amiri, F, & Shariff, ABM 2012. Application of geographic information systems in land-use suitability
evaluation for beekeeping: A case study of Vahregan watershed (Iran). African Journal of Agricultural
Research, Vol. 7, No.1, pp. 89-97. https://doi. org/10.5897/AJAR10.1037
Amiri, F, Shariff, ABM, & Arekhi, S 2011. An approach for rangeland suitability analysis to apiculture planning
in Gharah Aghach region, Isfahan-Iran. World Applied Sciences Journal, Vol. 12, No. 7, pp. 962-972.
Ausseil, AGE, Dymond, JR & Newstrom, L 2018, Mapping floral resources for honey bees in New Zealand at
the catchment scale. Ecological applications, Vol. 28, No. 5, pp. 1182-1196. https://doi.org/10.1002/eap.1717
Bulanon, DM, Burks, TF, & Alchanatis, V 2009, Image fusion of visible and thermal images for fruit detection.
Biosystems Engineering, Vol. 103, No. 1, pp. 12-22. https://doi.org/10.1016/j.biosystemseng.2009.02.009
Estoque, RC, & Murayama, Y 2010. Suitability analysis for beekeeping sites in La Union, Philippines, using
GIS and multi-criteria evaluation techniques. Research Journal of Applied Sciences, Vol.5, No. 3, pp. 242-253.
https://doi.org/10.3923/rjasci.2010.242.253
Holmström, H & Fransson, JE 2003, Combining remotely sensed optical and radar data in k NN-estimation of
forest variables. Forest Science, Vol. 49, No. 3, pp. 409-418. https://doi.org/10.1093/forestscience/49.3.409
Laborte, AG, Maunahan, AA, & Hijmans, RJ 2010, Spectral signature generalization and expansion can improve
the accuracy of satellite image classification. PloS One, Vol. 5, No. 5, e10516.
https://doi.org/10.1371/journal.pone.0010516
Manandhar, R, Odeh, I, & Ancev, T 2009, Improving the accuracy of land use and land cover classification of
Landsat data using post-classification enhancement. Remote Sensing, Vol. 1, No. 3, pp. 330-344.
https://doi.org/10.3390/rs1030330
doi: 10.17700/jai.2020.11.1.556
Hossam F. Abou-Shaara , Mahmoud M. Kelany: Using shape extraction to enhance classification of Landsat satellite images
to visualize vegetation
7

Journal of Agricultural Informatics (ISSN 2061-862X) 2020 Vol. 11, No. 1: 1-8

Yari, R, Heshmati, GH, & Rafiei, H 2016. Assessing the potential of beekeeping and determination of
attractiveness range plants used bee by using geographic information system in Char-Bagh summer rangelands,
Golestan. Journal of RS and GIS for Natural Resources, Vol. 7, No. 3, pp. 1-17.
Zhang, Y 1999. Optimisation of building detection in satellite images by combining multispectral classification
and texture filtering. ISPRS Journal of Photogrammetry and Remote Sensing, Vol. 54, No.1, pp.50-60.
https://doi.org/10.1016/S0924-2716(98)00027-6

doi: 10.17700/jai.2020.11.1.556
Hossam F. Abou-Shaara , Mahmoud M. Kelany: Using shape extraction to enhance classification of Landsat satellite images
to visualize vegetation
8

Journal of Agricultural Informatics (ISSN 2061-862X) 2020 Vol. 11, No. 1: 9-23

Hungarian Association of Agricultural Informatics
European Federation for Information Technology in
Agriculture, Food and the Environment

Journal of Agricultural Informatics. Vol. 11, No. 1
journal.magisz.org

Consumer acceptance of Blockchain-Based Traceability Systems in Food
Supply Chains
István Füzesi1, Adrián Csordás2, Shkodra Reuf 3, János Felföldi4
INFO
Received 07-04-2020
Accepted 20-05-2020
Available on-line 17-07-2020
Responsible Editor: L. Várallyai
Keywords:
Blockchain, Traceability, Food
Supply Chain

ABSTRACT
The demand for the history of food is increasing. The used food traceability systems also
provide this kind of information, but the appearance of blockchain could open new
opportunities in this field. To set up a new food tracking system cost a lot and
presumably the companies devolution it's costs on the consumers. To see their openness
we examined the previous studies. According to these papers, the interest of the
costumers is mixed. There are studies where a huge percentage of the surveyed want
more information but the extra fee what the new system would cause should be not so
much higher than the original price. Based on the available information the forecast of a
new food tracking system was made with Anylogic simulation software that showed a
lack of interest from the consumers’ side. The reason could be the low rate of the
advertisements’ effectiveness and the high premium price of extra information as well.

1. Introduction
There are religious or health reasons that make it essential to know the full history of food. Behind
this new demand, there is information asymmetry. While product labels provide consumers
information, thereby reducing information asymmetry, food traceability systems could be the real
solution, as they can monitor the entire food production process and thus provide a reliable and
continuous flow of information. This method will not only meet the specific needs of some consumers
but will also reduce food safety risks. According to global economic and technological changes,
increasing of information systems development, companies have to adapt to these changes (Lutfi AlDalahmeh & Dajnoki,2020) however, the introduction and practical application of new (technological)
solutions is a significant challenge, both on the manufacturers' and consumers' side. To build a
blockchain-based traceability system that meets these consumer demands costs money which is likely
to be covered from the extra price of the product, however, it is not clear how many percentages of the
consumer are ready to pay for the extra information. That is why it worth measuring the openness and
interest of the consumers towards this system and its extra fee.

2. Literature review
Over the past decade, Supply Chain Management (SCM) has undergone significant changes due to
the rapid pace of globalization and technological development (Botos et al., 2018). Competitive
pressure has forced companies to step up cooperation with their partners throughout the life cycle of
the supply chain. To increase their ability to integrate processes in businesses need to face shorter
1
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product cycles, outsourcing and growing market demand for mass customization. As a result,
companies need to create demand-driven and flexible supply chains that can meet customer
expectations, thereby integrating key business processes across the supply chain while sharing their
strategy for mutual benefit (Madenas et al., 2014).
Already in the early 2000s, it was clear that SCM depends on the flow of information as it enables
collaboration and development between companies (Power & Bahri, 2005; Pereire, 2009; Vickery et
al., 2003). By allowing product manufacturers (a product manufacturer makes its products from
purchased parts of other companies) to focus on their core business while utilizing the additional
resources, capabilities, and skills of their suppliers to produce lower-cost, higher-quality products, can
improve through information flow between suppliers (Lindquist et al., 2008).
One useful tool for this the Vendor-Managed Inventory (VMI), which is a well-known and widely
used supply chain practice between a supplier and a customer, where the supplier manages the
inventory at the customer and decides when and how much to ship (Lee et al., 2016). Applying this
practice helps, among other things, to reduce orders, inventory, and shipping costs (Mateen&
Chatterjee, 2015).
Similar returns are provided by the “Collaborative Planning, Forecasting, and Replenishment”
systems (CPFR), which are an important business process for managing demand uncertainty, point of
sale data, and promotional and replenishment plans. By applying them, companies can not only reduce
inventory, cost and the lead time, but also increase forecast accuracy, customer service efficiency, and
sales volume (Singhry & Abd, 2018).
Here belongs also to the so-called Efficient Consumer Response (ECR), which is a model of
cooperation between manufacturers and retailers in the daily consumer goods market. In implementing
this strategy, grocery stores and retailers work closely together to deliver better value to the consumer
(Martens & Dooley, 2010).
The flow of information between companies has been further enhanced by the development of
technology and the Internet. These enabled that the development of Internet-based systems can
improve collaboration within the supply chain, which is extremely important in the manufacturing
industry, while in this field various digital systems are used daily to design, develop, produce, supply,
and support products. This has resulted in the so-called "isolated of information islands", which
means that information is stored in different systems, repositories that are not or only partially
connected, although some of these systems support dynamic and direct data exchange (Fiala, 2005).
Connecting these areas can be greatly helped by Industry 4.0's flagship Internet of Things (IoT). This
is one of the areas most likely to be transformed by new blockchain technology. IoT sensors, Radio
Frequency Identification Tags (RFID), barcodes, GPS tags, and chips allow us to accurately and
continuously track the location of products, packages, and shipments. This provides improved realtime tracking of goods (Kshetri, 2018), which can lead to the inevitable evolution of the IoT’s closely
linked supply chain (Casey & Wong, 2017; Srai & Lorentz, 2019). Experts of supply chain and
logistics also expect that further digitalization will lead to lower costs and increased revenue (Kersten
et al., 2017).
The processing industry can also be positively affected by further digitalization as it generates huge
amounts of data by using various sensors (Oláh et al., 2019), electronic devices and digital machines
on production lines (Zhong et al., 2015), so it is not surprising that this industry produces the most
data (Nedelcu, 2013). IDC (International Data Corporation) reports that manufacturers increasingly
look at this large amount of data as a great opportunity. With the analysis of it (Big Data analytics),
they want to increase their competitiveness and thus their long-term profitability (Zhong et al., 2016).
However, when product manufacturers share their information and knowledge with their suppliers
to help them make strategic decisions, they endanger their competitiveness. Therefore, the level of
integration into their processes and the depth of cooperation need to be determined (Kim et al., 2011).
The revolution in blockchain technology, which is becoming more widely available and has great
potential, can eliminate the threat to competitiveness with the advent of digitalization.
doi: 10.17700/jai.2020.11.1.562
10
István Füzesi, Adrián Csordás, Shkodra Reuf, János Felföldi: Applicability of Blockchain-Based Traceability Systems in the
Food Supply Chain

Journal of Agricultural Informatics (ISSN 2061-862X) 2020 Vol. 11, No. 1: 9-23

Blockchain technology is often referred to in the media as an epoch-making innovation. According
to Schmidt and Wagner (2019), it can be similar to the Internet, if it can go through the initial
difficulties and become widely used in everyday life (Babich & Hilary, 2019; Treibmaier, 2018),
while the blockchain technology is transformative but still fundamental. Just as the World Wide Web
has revolutionized the global exchange of information and made it accessible to everyone, the
blockchain can impact on databases. It can increase the transparency and the unalterability of data
(beyond company boundaries). Besides, it can also revolutionize the way transactions are made for
both physical and digital products and services (Elmasri & Navathe, 2015).
The blockchain facilitates real system state determination through network computations and
consensual rules, thus replacing the need for human intervention and personal trust, influencing all
data sharing and data storage processes (Zhao et al., 2016).
Blockchain forecasts are quite optimistic, despite the uncertainty, and in many cases, very difficult
to estimate the costs of implementation and return on investment. This is illustrated in Figure 1, which
shows the expected growth of the global role of the blockchain.

Figure 1: Global blockchain share forecast in the agriculture and food industry 2017-2028 (US $
million), own elaboration, based on statista.com
Companies expect the financial burden of introducing these technologies to be covered by the
consumers, which could mean increased prices. This could influence price-sensitive consumers'
decisions, so they may respond with the consumption of non-blockchain based (therefore less
expensive) products. Although the willingness to pay for additional information to consumers is
uncertain (Füzesi et al., 2018), and there is no completed research yet about the consumers' technology
adoption, so it is not known which factors influence consumers' acceptance (Keszey & Zsukk, 2017).
2.1. The usage of blockchain in food supply chains
The globalization of markets leads to more movements not just of products but also information,
and people between countries, continents. Consumers gain a lot from this development because
everybody can buy fruits or vegetables in the local shops independent of the season or order „exotic
products” which arrive under a few days. However, this globalization in the food sector also has
disadvantages. It is more difficult to guarantee food safety because food supply chains become global
(Popp et al., 2018) with a lot of actors (Behnke & Janssen, 2019). The World Health Organization
estimates that 420,000 people worldwide die each year from food poisoning, while every tenth person
suffers from this problem (Reshma, 2018). Not only this difficulty could be solved by the blockchainbased food traceability because it not only monitors and traces food items along the supply chain but
also provides the functions of quality control and assurance as proactive food quality management
(Tsang et al., 2019).
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There is no one general definition of „traceability” (Bosona & Gebresenbet, 2013; Karlsen et al.,
2013; Olsen & Borit, 2013), but according to Bosona and Gebresenbet (2013), the different definitions
include at least two from consistency and clarity, backward follow-up of ingredients, forward followup of products, product history information during the supply chain. Internal traceability is the
traceability capability of the internal processes of one supply chain actor, and the traceability between
two actors in the supply chain is called by the Global Traceability Standard external traceability. These
two traceability concepts together make the chain traceable, which means the traceability between all
supply chain actors (Aung & Chang 2014). The usage of blockchain technology, by considering
decentralized data management can track and trace food in a farm-to-table approach (Yung et al.,
2019).
According to Galvez et al, (2018), there are three reasons why the food supply chain can benefit
from the blockchain:
 Transparency. The blockchain facilitates the exchange of information, create a digital twin of
the information and its workflow, and it also validates the quality of food on its way along the chain
(World Economic Forum, 2017). The food on its way in the supply chain is recorded in the so-called
“food bundle” blockchain object, and this is going to contain the combination of all information
(quality, sustainability, flavor) at the end of the supply chain contributed by the stakeholders (Galvez
et al., 2018).
 Efficiency. Every participant comes in the blockchain, where they can evaluate the assertions
made, and notify their account holders when matches in timing, quality, quantity are found. Buyers
and sellers also have data that is shared but trusted and it can then be combined and used by the
participant. In this case, there is no need to wait for company consortiums to use standards, and/or
semi-mandatory or concentrated business practices, to access the information (Galvez et al., 2018).
 Security and safe. The blockchain requires that transactions between network participants be
faithfully recorded in a shared ledger. Every record has a timestamp and a unique cryptographic
signature, which provides that each transaction can be traced back. Any changes in the blocks are
saved in all copies within a few seconds, which prevents anyone from altering them maliciously
(Zhang et al., 2018).
Although the blockchain is a decentralized ledger that acts as a database since the data is stored on
networked computers, where the nodes ensure the authenticity of the data and the system as a whole with the right licence – provides continuously available unalterable data, so the consumers with a
simple (smartphone) application can immediately query the history of a product. Despite its
innovations blockchain also has disadvantages that can come from technical limitations (Behnke &
Janssen, 2019):
 Transaction rate. The transaction rate is limited. While the (original) blockchain was designed
on a permissionless system, which limits the size of a block to max 1MB and the processing rate to
seven transactions per second. Because of that hundreds of transactions, real-time processing in a short
period is not possible. However, alternative variants of blockchain significantly improved the
transaction rate (e.g. Eyal et al., 2016; Kogias et al., 2016).
 Immutability. The transactions which are stored in the blockchain are not just immutable but
they also cannot be tampered (Zheng et al., 2017). That means the blockchain grows with each
transaction and in a case when the uncontrolled number of users access it, and it can cause problems
(storage); however, this is less relevant in the context of a food traceability system with a limited
number of users (Behnke & Janssen, 2019).
 Protection of sensitive information. The commercial adoption of this technology depends on
the level of sensitive data protection and in some cases also important the level of anonymity (Tian,
2017). The original blockchain did not include so many functions to protect sensitive information,
however, the current commercial platforms not just identified this requirement but also added the
possibility to control access to information in the blockchain (Hyperledger, 2018).
 Hackers. This technology depends on programming codes and the correct implementation of
the technology. This software deserves well developed and maintained codes, because without them
they are vulnerable, which provides hackers the opportunity to exploit (Devries, 2016).
doi: 10.17700/jai.2020.11.1.562
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 Standardization. Larger adoption of blockchain requires an architecture that supports more
than one supply chain process and lets the actors fulfill different roles. The suppliers do not want to
join to different blockchain architectures of different customers, because it would lead to
fragmentation and a high level of complexity (Behnke & Janssen, 2019).
There are some companies which already use somehow the blockchain in their daily work. These
companies and their branches are seen in the table below.
Table 1. Companies and their branch, which already uses blockchain technology for food traceability,
own elaboration (based on Kamilaris et al, 2019.)
Turkeys
Cargill Inc. (Bunge, 2017),
Mangoes Walmart, Kroger, IBM (CB Insights, 2017)
Pork
Walmart, Kroger, IBM (CB Insights, 2017)
Beer
Downstream (Ireland Craft Beers, 2017)
“Paddock to plate” project (Campbell,
2017),
Beef
BeefLedger (BeefLedger Limited, 2017),
JD.com (Adele Peter, Fast Company, 2017)
Gogochicken (Adele Peter, Fast Company,
2017),
Chicken Grass Roots Farmers Cooperative (Grass
Roots Farmers’ Cooperative, 2017),
OriginTrail (OriginTrail, 2018)
WWF (WWF, 2018),
Sea-food
Balfegό (Balfegό Group, 2017)
Organic
Soil Association Certification (Soil
food
Association Certification, 2018)
As it is seen in Table 1, there are many branches, where the new technology helps to track but also
helps to reduce brand and reputation risk, while the end markets look for mechanisms to ensure that
the products do not come from supply chains which are engaged in illegal or unethical practices
(WWF, 2018).
2.2. The consumers' food tracking approach
There are a few reasons why a reliable food monitoring system is needed. Of course, the law plays
an important role (EU Regulation 178/2002), but quality management aspects, logistics optimization,
risk minimization also gain a lot from it (Stranieri et al., 2017), and the importance of marketing has
been also increasing. In this study, we focus on the consumers' side because, in the 21st century, it
becomes even more important to understand their factors that influence the adoption of the (new
blockchain) technology (Keszey & Zsukk, 2017).
It is important to highlight the changed value system of consumers which is turned in a positive
direction (Szakály et al., 2015), because of the health awareness the need for quality food is increased
(Szakály et al., 2016). This aspect was examined in the research of Cunningham. According to his
survey, 58% of participants were confident that meat products could be traced back to a processing
factory within a specific herd. Not surprisingly, 74% identified traceability with quality itself, so they
think the traceable meat is better in some ways. The same survey found that there was an
overwhelming majority (91%) of customers who would pay more for traceable meat. Nearly 67% said
they would buy more meat if their traceability was guaranteed (Cunningham, 2008). In line with these
results some researches showed that Chinese consumers are very concerned about the quality and
safety of agricultural products, and some are even ready to pay for traceability, however, most of them
think it is difficult to understand how to receive quality and safety information from the Meat and
Vegetable Distribution Traceability System (what was established by the Ministries of Commerce and
Finance in China) (Hou, 2011; Bu et al., 2013; Hansstein, 2014). That is why perceived ease of use is
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an important determinant of technology acceptance within the TAM (Technology Acceptance Model)
(Davis, 1989).
A German study which examined the acceptance of blockchain technology revealed the
relationship between access to self-led investigation tools and consumers’ purchasing decision is quite
strong, and the blockchain technology implementation as a traceability and transparency system (TTS)
exhibits also high significance for both consumers’ quality perceptions and their purchasing decisions
(Knauer & Mann, 2019).
Important to keep in mind, that according to Wu et al. (2015), willingness to pay of consumers for
traceability information and quality certification were significantly influenced also by gender, age,
monthly family income, and education level. More than the half of the Chinese respondents (62%)according to Wu et al. (2015) especially the male consumers with high education and income levels
want to try new things, - in the research of Wu et al. (2012) showed willingness to pay a price
premium for traceable food, what is higher than that in Canada (less than 50%), and in Spain (27.5%).
Although the average percent of the extra price that consumers were ready to pay was quite low, only
3.15% of the base price (Wu et al., 2012)
According to another study, which examined willingness to pay in the US, Canada, Japan, and UK
traceability alone does not encourage the consumer to pay extra, but additional benefits may provide
sufficient motivation (Dickinson & Bailey, 2005).
From the side of the interviewed German retail managers this willingness and this interest are not
seen. They think the consumers have not articulated a sufficiently strong demand for a complete TTS
(Sander et al., 2018). According to the German Government officials’ interview (Sander et al., 2018),
their main concern about a complete TTS is the financial burden. According to Füzesi et al. (2018)’s
survey maximum 10 percent increase in the price could be acceptable for the consumers, but to
develop, build and operate an information system requires a significant investment that is not, or
difficult to achieve from this rise.

3. Materials and methods
Modeling is a process that allows us to map and solve real-world problems. After all, in some
cases, there is no way to experiment with real objects to find a solution. Then we can represent reality
by using modeling languages and models. These points which we consider important we include in the
model, while the others are omitted. The resulting models are always simpler than the original
systems, so finding a solution is also less difficult (Grigoryev, 2014).
In analytical models, as in Excel, the underlying technology is very simple. The data inputs only
need to be recorded in a cell and converted to a data output according to the earlier defined context.
These pre-written formulas or formulas defined by us can combine and modify the data. However,
there are problems where finding an analytical solution is difficult or simply impossible (Borschhev,
2013). In contrast, simulation models, which are best suited to map dynamic systems, create a virtual
system that predicts future state changes in the model as it runs. In this case, the rules may take
various forms, such as differential equations, state diagrams, or flow process models. In simulation
modeling, we distinguish three types of methods. These include discrete event-driven modeling, agentbased modeling, and system dynamics simulation. These systems differ in the level of detail they
allow when constructing a model, so they have a different degree of abstraction (Grigoryev, 2014).
Discrete event-driven modeling sometimes called distributed simulation. This only simulates the
state changes of discrete points at a time, so the simulation model jumps from one state to another
when an event occurs. (Fujimoto, 1990). In this case, it is assumed that nothing (nothing means
nothing interesting) occurs between two consecutive events, that is, no state change occurs (as
opposed to continuous systems where state changes are continuous).
The agent-based simulation not only serves to reflect interactions between different individuals
(and other entities) (Siebers et al., 2010) but also provides a formal framework for the evaluation of
hypotheses (Helbing, 2012). In manufacturing and supply chains, this modeling is particularly welldoi: 10.17700/jai.2020.11.1.562
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suited, as dynamic process modeling requires real-time, fast adaptation to changing requirements and
events (Siebers et al., 2010).
System dynamics simulation allows us to observe the behavior of the modeled system and its
reactions to various interventions. These models consist of dynamic change equations, meaning that if
the system state is known at a given time, then the system state for the next time can be calculated. By
repeating this process, we can move step by step within the desired time interval. However, simulation
only helps to predict future states as long as the model describes reality with sufficient accuracy (Winz
et al., 2008).
The program we used in the research is AnyLogic, which is a dynamic simulation that allows
combining these different systems, which is the most advanced modeling technique. With the help of
it, we can model different segments of the commercial because it provides industry-specific libraries,
which means we can use the typical tools and processes, among other things, the railway or the
material handling branches. Last but not least, it also enables us to convert flowcharts into interactive
movies in 2D or 3D.
As there are currently no publications available, which could provide a wide range of different data
from consumer surveys in this filed, we had to look for papers mainly from the area of marketing with
a connection to food traceability. We defined as it is seen in the table below seven parameters, based
on statistics and publications, which affect on the examined population.
Table 2. The parameters of the model (own elaboration)
Name

Meaning

Value

The percentage of internet users, who see an
0.1%
advertisement and open it.
The percentage of interest in the ad about the topic
InterestRate
48%
of health.
The percentage which shows after the ad from the
AdInfluence
interesting topic is seen, how many people will buy
33%
the product.
This number shows how many contacts a person
13
ContactRate
has during a day.
contacts
That shows how many percentages of satisfied
FriendsInfluence
17.9%
users suggest buying the same product.
The percentage of unsatisfied users, who do not
DiscardRate
38%
want to buy the product again.
This percentage shows for some reason unsatisfied
ReconsiderRate
0.02%
ex-users decide to use the product again.
AdEffectiveness

Source
https://www.invespcro.com/

https://www.invespcro.com/

Amandeep et al.
2017
Mossong et al.,
2008
Amandeep et al.,
2017
Wu et al., 2012
estimated

The base of our model is a ten thousand population, where everybody -because everybody
consumes- is a potential user of the new blockchain-based food tracking system. While in the 21st.
century the information consumption patterns have changed we used a statistic, which reflects the
internet-based ads. Unfortunately, the framework of the study does not provide an opportunity to
present all the variables and properties of the parameters, but the algorithm of the model is described
in detail below:
The online advertisements according to invespcro are opened once from a thousand times
(AdEffectiveness), and when this act happened, the potential user becomes „OpenAd” user in our
model. Nowadays every kind of information can be found on the internet, so the number of potential
interests topic is quite high. If the „OpenAd” users interests match with the advertisement's topic which in our case is 48% (invespcro) because nearly half of the population is interested about healththere is a chance to visit the website of the company and read, watch videos and ask about the offered
products, so they become „Orient” users. When they get to know more from the recommended product
and they are persuaded they become „Users” if the impact of this information which is provided from
the company were effective. According to Amandeep et al. (2017), 33% of new product purchases are
doi: 10.17700/jai.2020.11.1.562
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attributable to advertising. When a „User” is satisfied with the bought product he can offer, advertise it
to his friends and his family. Based on Amandeep et al. (2017) these „Gossips” can make one-third of
„PotentialUser” immediately „Users”, but if the product not enough good for the consumer he can
leave, „Discard„ and become a „Disappointed” customer. According to Wu et al., (2012), the rate of it
is 38%. Despite the consumer became „Disappointed” there is a chance to become a „User” again,
because either the new advertisements persuade him to try and buy it again, or his situation is simply
changed. Based on our estimation the rate of it is 0.02%. The model is based on secondary data from
different countries and eras and the construction of it tries to focus on an average user without any
specification (gender, age, education level), so the results of it can differ from the country, gender,
age-specific ones. Nevertheless, it can be concluded that the model used may be suitable for analyzing
the expected fundamental trends. The described model is seen in the figure below.

Figure 2. How potential users could become blockchain-based products consumer (own elaboration)

4. Results
Despite the limits, the use of blockchain technology has many useful opportunities in the whole
food supply chain (Caro et al., 2018). However, in the business world, companies will only use this
technology if it directly benefits them or is enforced by law. Based on these, there are four
fundamental reasons for introducing the technology: reducing operating costs through more efficient
information management, tightening the regulatory framework (currently, legislation requires only the
“one-step-up, one-step-down” traceability), leveraging business partners, and increasing consumer
demand for information. The following table summarizes what actors at each level of the food supply
chain can use this new technology. Besides, we determined which of the four factors mentioned above
may justify the implementation of the solution (Table 3.). (Possible reasons are: CR - cost reductions,
R - regulations, P - partners, C – consumers)
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Table 3. Reasons for using blockchain technology in the food supply chain (own elaboration)
Material planning

The providers store the
details of sales and
purchases of raw materials,
including technical
information of products and
amounts. CR

Producers record
information about the
planting or breeding process
(e.g., the number of seeds
used). C, R, P
IOTs and sensors
autonomously store the
data about the growing
plants and environment.
CR

Procurement &
integration

Warehouse &
Fulfillment

Distribution

The producers can
store details about the
The producers
The farmers record
received amount of
transfer the
each stage of the
product from
ownership of the
processes (irrigation,
distributors, the
product to
fertilizing), including packaged amount and
distributors, through
amounts of inputs
the amount of product
the blockchain.
applied. C, R, P
lost during the
CR, P
processing phase. CR,
P
Storage of productThe farmers record in Stakeholders can store
related packaging
the blockchain details
storage conditions,
information,
about the harvesting which are essential for
packaging material
of slaughtering. CR, R traceability. R, P, C
tracking. CR, R
Tracking of
The farmers directly
Stacked warehouse
consignment
can transfer the
management and
assembly and its
ownership of the
storage of security
circumstances,
products to
information to prevent measures to prevent
distributors. CR, P
loss. CR, P
tampering. CR, R,
P

Repairs & Returns
The retailers store
details about the sold
products, so
consumers can
transparently verify
the whole history of a
product before buying
it. CR, R, P, C
Dealers can store
information about
complaints and
problematic products.
CR, P, C
Store extra tracking
data for special
products for
consumers (e.g.,
organic foods). P, C

However, it should be noted that the application examples listed in the table, and the reasons for
their application were determined from literature sources (not determined by industry experience),
because of the novelty of the technology.
Based on the statistics, publications, and our model, we simulated how the population of the
different groups will shape, and we estimated how widely blockchain-based tracking systems will be
used. This information could be really useful because, according to this, the companies can decide it is
worth setting up a new food tracking system or not.
Although the Food Marketing Institute (2018) measured a massive decrease of the public’s trust in
the food supply chains and parallel an increased demand for food traceability, the number of
Blockchain-Based Traceability Systems’ users does not show a monotonically increase, even a clear
trend is not seen, as represents the table below. The detailed Table 4 shows how the exact numbers of
the different groups are shaped after 5 years.
Table 4. The detailed number of the examined groups (own elaboration)
Potential
Run(day) OpenAd Orient
Users Disappointed
users
1
7
2
0
0
9991
182
11
24
23
1540
8402
365
16
22
21
2856
7085
547
10
24
16
3948
6002
730
10
16
8
4866
5100
912
8
7
14
5505
4466
1095
6
13
12
6070
3899
1287
7
6
7
6511
3469
1460
7
13
9
6857
3114
1642
8
15
12
7145
2820
1825
7
3
3
7362
2625
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According to these data we can say, the number of potential users monotonically decreased, while
the number of disappointed people monotonically increased by the years, however, we can not see any
kind of regularity in the number of users, even the number of daily users (as it is seen in table 4) is
vanishing. We hypothesized that the low number of users was due to a generally low rate of
advertising effectiveness, because a huge number of potential users (7000) even did not open any ad,
and around 3000 people already tried out the new product but they did not like it and they became
„disappointed users” (after 1 year). To test this assumption, the rate of the advertisement's
effectiveness was increased with 0.001. The blue line shows in Figure 3. how the new value changed
the number of users compared to the original (green) values and the increased interest rate values
(orange).

Figure 3. The effect of the changes in the number of users within 5 years (own elaboration)

Even it is seems an increase in the number of users, surprisingly, the change of ad effectiveness did
not have any positive effect on the total proportion of it; however, it increased the average proportion
of disappointed group with 22%. Based on this outcome, we hypothesized the increase of the interest’s
rate value – because this variable is the second in state chart, which influences the potential users –
could enhance the number of the users. Thus the rate of interest was increased with the same quantity
(0.001) and its effects seen with the orange line in Figure 4 above. Even nearly every second person is
interested in about health, when we examined the effect of the new value, we measured an 11% higher
proportion of total users, while the average number of daily users, in this case, was also only 8. Based
on Wu et al., (2012) 62% of consumers are ready to pay a premium for the extra information, so 38%
of users will leave because they do not want or not able to pay extra fee for the traceability data even
they tried it out, they are not going to be loyal users. While the biggest question of this new
blockchain-based traceability systems is, how much extra % (of basic price) have to consumers pay for
the information. We hypothesized the companies take a bigger part of expenses (they ask higher
prices, but the increase is lower than 10%) or the governments take over some costs of the set up, so a
higher proportion of consumers could afford the new traceability system. We analyzed how it would
change the size of the groups if our assumption would affect a 0.1% decrease in the value of
DiscardRate. In five years caused this lower DiscardRate a 6.46% increase in the proportion of users
and a 0.5% decrease in the group of disappointed consumers. Table 5. shows the above-mentioned
changes.
Table 5. The affected changes in the examined groups (own elaboration)
increased increased decreased
original
ad
interest
discard
Users
7.2
6.2
8
7.7
(average)
Disappointed (average)
7212
8842
7242
7178
Potential (average)
2767
1140
2736
2800
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Surprisingly separately, none of the examined parameters had a serious effect on the size of the
users' group. Based on our results, the advertisement's effectiveness does not have a positive effect on
the users’ number, while the decreased discards’ rate and the increased interest rate enhanced the size
of this group. Whereas the increased interest rate influenced more the number of users than decreased
discards’ rate, but it is increased more the size of the disappointed group too. According to these
results, the companies have to decrease the extra price of the information – or make the governments
interested in the set-up of the new system – which could decrease the discards’ rate, since the
population is already quite healthy-minded. Naturally, the growth of interests towards food traceability
would also increase the cluster of users, but as long as the consumers are not involved with this new
opportunity and they have no idea what benefits this would bring, the examination of willingness to
pay will not provide reliable results.

5. Conclusion
The appearance of blockchain provides so many new features in the food tracking that could satisfy
the demand of the consumers. Some researches demonstrated openness from their side to pay more for
the traceable food, and the proportion of this group is quite high in many cases, but the idea of the
increased price which would provide the set up these new systems is not popular. That is why
important to see the proportions of different minded consumers since the companies do not want to
invest in a new system which payment is uncertain. According to the available statistics and
publications, we measured a lack of interest from the consumers’ side, which means in the close future
(next five years) this kind of new tracking system is not going to be used by the consumers (if they
would be available). The details showed the reasons for it could be the low rate of the advertisements’
effectiveness and the high premium price of extra information which could affect a quite huge discard
rate. According to the statistics, the population is quite healthy-minded so the advertisers should find
better ways to address them and involve them with this new blockchain-based opportunity.
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ABSTRACT
Many rainfall prediction models have been proposed. The common methodology
followed by those models is that the model is trained using the data prior to the target and
tested the model in one or few time points and claimed that the model is generalized.
However, this project shows that the above procedure is not sufficient to generalize
rainfall prediction models as in some target periods the models fail to achieve a decent
prediction quality. The models--Multilayer Perceptron (MLP), M5P and Linear
Regression--were trained and tested in all possible combinations of targets and training
periods from the weather data collected between the year 2002 and 2015 from the station
located at Badulla, Sri Lanka. The prediction quality of the models was measured using
Mean Absolute Error (MAE) and visualize them in heat-maps to show that the prediction
quality varies over the targets and length of the training periods. This indicates that testing
models in one or a few time points is not sufficient to generalize the models. Further, the
reasons for such drastic changes in prediction quality will be investigated in our future
projects.

1. Introduction
Predicting climatic changes are important as they directly affect on agriculture, tourism, natural
disasters etc. Among the climatic factors rainfall plays a significant role as it has a significant impact
on the agriculture, which contributes to the economy of most of the middle-income countries.
Therefore accuracy in rainfall prediction is important though it is a scientifically and technologically
challenging task (RanjanNayak et al., 2013)
There are many existing rainfall prediction models, which employed different models and
methodologies such as numerical, statistical, and machine learning models (Abbot & Marohasy, 2012;
Adamowski & Sun, 2010; Aksoy & Dahamsheh, 2009; Bodri & Čermák, 2000; Bushara & Abraham,
2015; Chattopadhyay & Chattopadhyay, 2008; Choubin et al., 2016; & Mekanki,2015; Gholizadeh,
MH & Darand, M, 2009; Deo et al., 2017; Kang et al., 2020; Lee et al., 2018; Mislan et al., 2015;
Mulualem & Liou, 2020; Onyari & Ilunga, 2013; Poornima & Pushpalatha, 2019; Prasetya & Djamal,
2019; RanjanNayak et al., 2013; Sumi et al., 2012; Vos & Rientjes, 2005). Statistical and Artificial
Neural Network (ANN) models are the commonly used empirical models. However, the literature
shows that the ANN models perform better than the traditional statistical models(Adamowski & Sun,
2010). The common methodology used by those models is that the models are trained using data prior
to the target and tested the model using data in the target period. The models are tested in one or few
target points and claimed that the models are generalized. The downside of this method is that the
models are temporarily generalized and in some points in time the prediction quality of the models is
not up to the standard. The objective of this research project is to show that the prediction quality of
the models varies over time and testing the models in one time point or in few time points are not
sufficient to generalize the models.
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To that end we use rainfall data at Budulla, Sri Lanka from the year 2002 to 2015. The altitude
of Badulla district is 670m and it is classified as an intermediate zone as shown in Fig. 1. As in Fig. 2
the annual rainfall of this area significantly changes during the above time frame. More importantly
the significant changes in rainfall within a year is also observed. Therefore, predicting the rainfall in a
given time point is a challenging task in Badulla district. In this project we train MLP, M5P model
tree, and linear regression models.

Annual Rainfall in Badulla District
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Figure 2. Annual rainfall fluctuation in Badulla

Figure 1. Climatic Zones in Sri Lanka

2. Related Works
Bodri (2000) trained backpropagation Artificial Neural Network (ANN) models using 38
years of data collected from two Czech meteorological stations. The model predicts rainfall of the next
month and summer precipitation in the next year.
An adaptive basis function neural network, which is a variation of backpropagation algorithm
was proposed to predict rainfall in Kerala state, India (Ninan et al., 2003). They used past 87 years of
data to train the model and it was tested using a test dataset.
Chattopadhyay (2008) in their research proposed three backpropagation neural network
learning rules namely, momentum learning, conjugate gradient descent (CGD) learning, and
Levenberg–Marquardt (LM) learning, and a statistical model in the form of asymptotic regression. The
models were trained on data collected from the year 1871 to 1999. The ANN with the conjugate
gradient descent-learning algorithm provides best prediction quality in predicting monsoon rainfall in
India.
Multiple perceptron neural networks with the backpropagation learning algorithm were trained
using monthly rainfall data from Tehran station collected over past 53 years to predict next-month
rainfall of next year (Gholizadeh & Darand 2009). They showed that the ANN models combined with
genetic algorithms further enhanced the prediction quality.
The next-month precipitation of meteorological stations -Baqura, Amman and Safawi- in
Jordan is forecasted using artificial neural network (ANN) models (Aksoy & Dahamsheh, 2009). The
feed forward backpropagation (FFBP), radial basis function (RBF), generalized regression type ANNs
and a simple multiple linear regression (MLR) model are compared, and revealed that the FFBP
outperforms all the other models.
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Adamowski (2010) proposed Levenberg Marquardt artificial neural network models alone with
discrete wavelet transforms (WA) to forecast flow in non-perennial rivers in semi-arid watersheds.
The models applied in data collected from two different rivers in Cyprus. In both cases, the coupled
wavelet-neural network models were found to provide more accurate flow forecasts than the artificial
neural network models.
Abbot (2012) proposed a rainfall prediction model using ANN, which is stand-alone, dynamic,
recurrent and time-delay, for monthly and seasonal rainfall forecasting in Queensland, Australia. The
performance of the model was compared with the forecasts generated by the Australian Bureau of
Meteorology’s Predictive Ocean Atmosphere Model for Australia (POAMA)-1.5 general circulation
model (GCM) and revealed that the model achieved a lower RMSE for 16 of the 17 sites compared.
Sumi (2012) developed a novel hybrid multi-model method to predict rainfall in Fukuoka city,
Japan. They compared this model with multivariate adaptive regression splines, the k-nearest
neighbor, and radial basis support vector regression, and concluded that the hybrid model best fits with
predicting daily and monthly rainfall in Fukuoka city.
Nayak (2013) conducted a survey on rainfall prediction models developed using different
artificial neural network architectures over the past twenty-five years. The survey revealed that the
forecasting techniques--MLP, BPN, RBFN, SOM and SVM--are suitable to predict rainfall than other
forecasting techniques such as statistical and numerical methods.
A rainfall runoff models were developed using a multilayer perceptron neural network
(MLPNN) with backpropagation algorithm and M5P-Model tree to predict the discharge at Luvuvhu
River, Mhinga gauging station (Onyari & Ilunga, 2013). The M5P outperformed the MLPNN in
predicting flow with a RMSE of 2.666, and a correlation coefficient of the observed and the predicted
flow of 0.89.
Bushara (2015) constructed a novel ensemble method using a Meta classifier vote combining
with three base classifiers IBK, K-star and M5P to predict monthly rainfall in Central Bureau Sudan.
The dataset contained date, minimum temperature relative humidity, wind direction and rainfall as the
predictors. The Meta classifier outperforms all the basic classifiers and the Meta classifier.
Mekanki (2015) presented two models- linear Multiple Regression (MR) analysis and nonlinear Artificial Neural Networks (ANN) MLP with backpropagation- to forecast long-term seasonal
rainfall in South Australia using the potential climate predictors and revealed that the ANN
outperforms the MR in predicting rainfall in South Australia.
Mislan (2015) applied an Artificial Neural Network (ANN) with the backpropagation Neural
Network (BPNN) algorithm to predict rainfall in Tenggarong, East Kalimantan - Indonesia. They
found that the BPNN with two-hidden layers and the architecture [2-50-20- 1, epoch 1000] produced
the minimum Mean Square Error (MSE) value of 0.00096341.
Bahram (2016) proposed multilayer perceptron with the Levenberg-Marquardt (LM),
adaptive neuro-fuzzy inference system (ANFIS) and the M5P models to predict the drought index
based on large-scale climate indices. Contrary to Onyari (2013), Bahram et.al. claimed that the
multilayer perceptron outperformed the other two models.
Deo (2017), in his study advances drought modelling using multivariate adaptive regression
splines (MARS), least square support vector machine (LSSVM), and M5Tree models to forecast
Standardized Precipitation Index (SPI), which is a rainfall-based metric and well-suited to forecast
drought at different periods in climatically diverse regions. The results revealed that the performances
of the models depend on combination of predictors and the regions.
An ANN model with the backpropagation learning algorithm was developed to predict late
spring-early summer rainfall at Geum River Basin in South Korea (Lee et al., 2018). The final best
ANN model, with five input variables, showed acceptable performance with relative root mean square
errors of 25.8%, 32.7%, and 34.8% for training, validation, and testing data sets, respectively.
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Poornima (2019) presented Long Short-Term Memory (Intensified LSTM) based Recurrent
Neural Network (RNN) to predict rainfall using a standard dataset of rainfall. The trained network will
produce predicted attribute of rainfall. The results show that the LSTM outperformed Holt–Winters,
Extreme Learning Machine (ELM), and Autoregressive Integrated Moving Average (ARIMA),
Recurrent Neural Network and Long Short-Term Memory models.
Prasetya (2019) proposed Recurrent Neural Networks with LSTM to predict weekly rainfall
using attributes; rainfall, temperature, and humidity in a year. The learning algorithm--Stochastic
Gradient Descent (SGD) and Adaptive Moment Estimation (Adam)—is trained using 10 years of data.
The models trained on several datasets and the results show that the LSTM provides a decent accuracy
on predicting weekly rainfall.
Mulualem (2020) used hydro-meteorological, climate, sea surface temperatures, and
topographic attributes to train multilayer perceptron (MLP) feed-forward artificial neural network
(ANN) models with the backpropagation algorithm to forecast the standardized precipitation
evapotranspiration index (SPEI) for seven stations in the Upper Blue Nile basin (UBN) of Ethiopia.
They used data from 1986 to 2009 to train the models and from 2010 to 2015 to test the models.
Kang (2020) developed a recurrent neural network model named Long Short-Term Memory
(LSTM) to predict the rainfall based on meteorological data from 2008 to 2018 in Jingdezhen City.
The input variables were selected based on the relative importance. The experimental results show that
the LSTM outperformed classical statistical algorithms and the machine learning algorithms.
All the above models follow a common procedure to train and test the models. First, models
were trained using the data collected from a chosen period of time and tested them using a dataset
collected from a different time period, which is ahead of training period. For example, if the prediction
period of models is t, then the training period is t-1, t-2, t-3, etc. The models were tested only one or
few time points. Further, those models were trained using data collected from a long history. Such
evaluation and training implicitly assumes that the evolution of rain patterns and its underlying data
distribution are relatively stable over time. Is this assumption always true? As in the testing period,
does the prediction quality remain constant in other prediction periods? These issues need more
investigations, as they have not been investigated in the literature and the next section provides detail
approaches to address them.

3. Experimental Design
3.1. Dataset
The dataset consists rainfall data in Badulla District collected from the Department of
Meteorology, Sri Lanka. Attributes of the dataset--rainfall in millimetres, minimum and maximum
temperature, minimum and maximum relative humidity--are recorded in 4865 instances in daily basis
from January 2002 to December 2015. The dataset was pre-processed as it contained some missing
values, which are replaced with the mean values. The instances are ordered based on the recorded date
and categorized into weeks so that every seven instances were assigned a unique week ID starting
from December 2015--the latest recording date--resulting 695 week-IDs. MySQL workbench was used
to store and query the dataset.
3.2. Development tools
Eclipse 2019/12 integrated development environment (IDE) used as a development platform.
The models were implemented using Java integrated with WEKA (weka-dev-3.9.3.) libraries (Hall et
al., 2009). The Java Database Connections (JDBC) driver was used to connect the database.
3.3. Training and testing models
Multilayer perceptron with algorithm (Rumelhart et al., 1986), M5P, and linear regression
models were trained and evaluated. The performance of the models is evaluated using Mean Absolute
Error (MAE).
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The models are trained and tested as follows. First, the target was set as the first week of the dataset
i.e week-ID =1 and the training period of the models was one week before the target i.e. week-ID=2.
Then, keeping the target fixed the training period was expanded into two weeks backward from the
target. This process is repeated until the last week of the dataset. Next, move the target one week
backward (i.e. week-ID=2) and repeat the same procedure as above. For example, if the initial target
period is on the week t and the initial training period is [t - 1], and then expanded it into [t – 1, t - 2],
and so on. Next we move the target period to [t - 1] and the initial training to [t - 2], then [t - 2, t - 3]
and repeat the same procedure with other targets. This procedure is depicted in Fig. 3.

Figure 3. Training and testing process of models

The MAE values greater than 100 were removed, as they are highly erroneous. The other
MAE values are normalized and visualized them in heat maps as in Fig. 4-6. The X-axis of the heat
map shows the target period and the Y-axis shows the length of the training period. The heat maps are
generated using MATLAB. Moreover, the MAE values are categorized into 10 intervals and
represented in histograms as shown in Fig. 7 (a)-(c). The X-axis of the histograms shows the MAE and
the Y-axis shows the number of occurrences.
Finally, the accuracy of the MLP with backpropgation learning algorithm is measured by
changing the configurations of MLP so that the number of hidden layers and number of neurones in
each layer is varied from 1 to 3 and 1 to 6 respectively. The randomness of the different configurations
of MLP is determined using run chart followed by the normality test, which identifies the optimum
configuration of the MLP. Table-1 shows only the stable configurations of MLP.

4. Results and Discussion
The MLP, M5P pruned, and linear regression models are trained and tested in each and every
target periods and training periods, and the results are visualized in the Fig. 4-6 respectively.
According to the observations in Fig. 4 generated from MLP, the models involved in predicting
rainfall on certain target periods (e.g., week ID 414) obtain MAE around 0.1 while the models that
predict rainfall in week ID 416 obtain MAE around 0.4. In some prediction periods (e.g., week ID
415) initially the prediction quality is around 0.1 MAE but when expanding the learning period up to
10 weeks back, the model drops the prediction quality (MAE 0.8) and further expansion of the training
period again captures the performances. Moreover, the minimum MAE values for each target period
typically lie on neither ends. This indicates that the models are not needed to train on data collected
from very long or very short history to obtain the maximum accuracy. The similar observations can be
found in other two models as well.
The MAE values are grouped into 10 intervals starting from 0-9. The resultant histograms are
shown in Fig. 7 (a)-(c). According to the Fig. 7 (a), 62% of the MLP models obtained MAE between 0
and 9 whereas 23% of the models obtained MAE between 10 and 19, which indicate that the majority
of the models obtained decent prediction quality. The M5P models obtain 60% MAE between 0 and 9
whereas 26% of the models obtained MAE between 10 and 19. The Linear regression models obtain
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55% MAE between 0 and 9. This further confirms that the MLP outperforms the other two models in
predicting rainfall (Adamowski & Sun, 2010).

Figure 4. MAE values of MLP models

The MLP model has several parameters such as number of hidden layers, number of neurons
in the hidden layers, learning algorithm etc. It is interesting to observe the performances of the model
while changing these parameters. Hence, the performance of the models was measured by changing
the number of hidden layers and the neurones while keeping the learning algorithm--backpropagation- fixed. Table 1 shows the run chart and the normality test of the stable configurations of the models.
The backpropagation MLP with two hidden layers--layer 1 consists 4 neurones and layer 2 consists 3
neurones--provides the minimum standard deviation and hence, can be considered as the optimal
model compared to the other two models. The M5P is a model tree, which derives linear regression
models at the leaves of the tree. In predicting the rainfall the M5P models derive one to three linear
regression models, which generally use all the predictor variables. Similarly, the linear regression
models pick all predictor variables for the rainfall prediction, which indicates that the given predictor
variables are equally important in predicting rainfall.

Figure 5. MAE values of M5P model trees
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Figure 6. MAE values of Linear Regression models

(a): MLP

(b): M5P

(c): Linear Regression
Figure 7. Number of models in each MEA interval

It is essential to examine the models, which are highly erroneous, i.e. the MAE above 100. We
observed the rainfall values (target values) at the target period, which the models fail to predict or
MAE above 100. We found that the rainfall value of most of the instances in such target periods is
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zero or very few non-zero values, but they are close to zero. It implies that the models somewhat
unable to capture the environmental parameters of sunny days, resulting degradation in prediction
quality.
Table 1. Run Chart and Normality Test

# of hidden
layers
I
II
2
4
2
4
3
6
4

Run Chart
Approximate P-values
Clustering Trend
Mixtures
0.000
0.83
1.00
0.000
0.918
1.00
0.000
0.918
1.00
0.000
0.545
1.00

Normality Test
Oscillation
0.17
0.082
0.082
0.455

P-value
<0.005
<0.005
<0.005
<0.005

STD
12.17
1.492
1.341
1.718

5. Conclusion
The aim of this project is to show that the prediction quality of the rainfall prediction models
varies over time. To that end MLP, M5P, and Linear regression models were trained and tested in
every possible combination of training periods and target periods starting from the year 2002 to 2015.
The performances of the models were evaluated using MAE as all the three models predicting
continuous values. The MAEs of the models are visualized in heat maps.
The heat maps indicate that all the three models show inconsistency in prediction quality. It is
observed that in some instances predicting the same target using different length of training periods
shows variability in prediction quality. Further, it observed that the prediction quality of some target
periods is superior to some other target periods, indicates that the variability in prediction quality can
be observed among different target periods. Also, it revealed that in order to obtain a good prediction
quality or at least a decent performance, the models should be trained using neither a very long nor a
short history data.
The MLP with backpropagation learning algorithm and with two hidden layers each consisting
4 and 3 neurones is well fit with rainfall prediction as it obtain minimum MAE compared to the other
two models. The M5P generates maximum three linear regression models for rainfall prediction.
These models pick more or less all the parameters for rainfall prediction. Also, the linear regression
models pick similar parameters for the prediction. Similar to the M5P and Linear regression models,
the error rate of MLP is increased when the desired rainfall is zero or close to zero. In other words the
models do not very well capture the underlying environmental parameters of sunny days.
To our knowledge there is no decision procedure or a tool that support users to decide when
and when not it is beneficial for them to apply rainfall prediction models. This is very crucial
information for the users since it revealed that rainfall prediction quality varies over time such that
there exists a period of stability and change. This question will be addressed in our future studies
together with exploration of other prediction models such as Recurrent Neural Network (RNN) as such
models may fit with time series data.
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ABSTRACT
Digitalization in agri-food supply chain has become increasingly important since safe
and secure food supply is a priority for stakeholders. ICT-based (Information and
Communication Technologies) business solutions have an impact on the whole food
supply chain and separately the participants (producers, processors, distributors, retailers
and consumers). Advanced technologies support many business activities as proving
traceability and transparency, improving internal business processes, simplifying
cooperation with partners and establishing the capability to develop supplementary
value-added services. The main objective of the current paper is to determine the
development potentials of digitalized business processes related to the operation of
companies related to the production and processing of agricultural products and food.
For this aim, we analysed the differences between food producers and food processors
regarding their evaluation of ICT solutions in their partnerships and for certain business
activities. Institute of Applied Informatics and Logistics at University of Debrecen has
prepared a questionnaire for a survey on the assessment of ICT by food producer and
food processor enterprises (n=500). We go into a little bit more depth about the role of
information share with the final consumers as they are more and more conscious about
their food and may have special information requirements for food products. Thus, we
supplemented our research with another questionnaire that was aimed at young food
consumers (n=376) to survey their attitude to the main food information and the
opportunities to support their choice. For the analyses, we used descriptive statistical
methods and Mann-Whitney test. Our results show that both enterprise categories
assessed the variables tested as being rather medium importance. Statistically,
processors evaluated two variables significantly higher compared to producers these
were the ‘Fast evaluation of business performance’ (Sig(2-tailed=0,010) and ‘Operating
high-quality website’ (Sig(2-tailed)=0.012). For the respondent consumers, food
component list is one of the most important product information. The importance of this
variable was the third during the purchase (after price and quality) and second in product
comparison (after price). The majority (64%) often or always read this information on
the package. Most respondents indicated a willingness to use such mobile applications
that may support easy information access.
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The conceptual framework of our article is based on our analysis of keywords, as according to
Strozzi et al. (2017), the keywords used in articles may mean a trend in the research area. Our aim
with this method is to identify the main relationships in the study area and support our research:
measuring how important ICTs (Information and Communication Technologies) are in business
processes to agri-food enterprises. For the bibliometric analysis we used keywords from articles in this
study area, thus we used the following keyword combination, providing a basis for the mapping:
ALL=((("ICT" OR "information and communication technology") AND ("enterprise" OR "company"
OR "firm" OR "business")) AND ("food" OR "agriculture")). The data source of relevant literature
was the database of Web of Science (Wos) and 658 articles were included in the analysis as the result
of the query. We studied the keyword connections in the aspect of two keywords: “agriculture” and
“food”. We visualized the relationships on connection maps and the result can be seen in Figure 1.

“Agriculture”

“Food”

Figure 1. Comparison of connection maps: the main keyword connection from agriculture and food (Source:
own editing based on Web of Science (WoS) database)

Studying the connection maps, agriculture shows many connection points with research topics
dealing with information, ICTs or adoption, while from “food”, there are no direct connections
towards these areas. Besides the analysis of direct relationships of the relevant keywords, we also
made analysis using MCA (Multiple Correspondence Analysis) to cluster common concepts. Based on
the keywords, two clusters were evolved and Figure 2. shows the one which contains mainly words
generally used in socio-economic research papers.

Figure 2. Conceptual Structure Map – Method: MCA (Source: own calculation based on WoS data)
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From our point of view, the most relevant keywords in one cluster support the concept of the
current paper. Analyzing the role of ICTs and information flow in agriculture and food sector may lead
us to determine barriers to and opportunities for ICT usage. Thus, on the one hand, this paper presents
an analysis of how important agri-food companies consider ICT solutions in their business processes.
On the other hand, we highlight a typical information interface between business to consumer,
complemented with a consumer analysis based on another survey.
Literature review
Information and communication technologies (ICTs) play an increasingly important role in
business, there are hardly any areas that are not been affected by them. However, the simple use of
these technologies is no longer enough. Digitalization from production to consumption may have an
impact on the performance both in the case of smaller and larger companies. Mobile applications can
be used in any part of the food supply chain (e.g. production, logistics, performance evaluation, food
tracing, quality monitoring) including the final consumers (e.g. applications for food information). In
this section, we review the importance of smooth information flow in FSC (food supply chain) and the
trends of applying ICTs in general business processes and at companies operating in the food value
chain, from agriculture to food processing.
Analysis of information flow and the impact of digitalization on it has received much attention over
the last two decades. Several review papers, empirical articles and case studies have been published on
the key role of information sharing and the advantages of using ICTs in business processes (Chen,
2003; Consoli, 2012; Viet, Behdani & Bloemhof, 2018; Costantino et al., 2015; Wu & Jia, 2018). It is
important to share information for supply chain stability (Singh et al., 2019) that is more and more
affected by network and dynamic business environment and by ICTs (Fiala, 2005). Marketing,
communication, networking and resource planning are the areas that ICT impacts the most (Taruté &
Gatautis, 2014). Regarding corporate performance, Millán et al. (2019) claim there are grounds to
expect that differences in the usage of ICT among firms may affect firm performance. Digital
transformation is taking place along the entire value chain (Bogner et al., 2016; Kilimis et al., 2019).
Researchers have recently started investigating different aspects of digital agriculture in relation to
farm production systems, value chains and food systems (Klerkx, Jakku & Labarthe, 2019).
Annosi et al. (2019) highlighted a few Technology 4.0 opportunities (e.g. Cloud services, Internet
of Things, Big Data Analytics) that can be important in the agriculture and food industry equally. In
the article of Látečková, Bolek & Szabo (2018) cloud computing was underlined as a solution that can
help in virtualisation of processes and it establishes a single modern and complex system of
agricultural smart enterprises supported by ICTs. Internet of Things would have a contribution to the
change of agri-food processes and towards data-driven farming supported by decision-making tools
(Verdouw, Wolfert & Tekinerdogan, 2016). Panetto et al. (2020) highlight the key role of technology
in the operations and decision-making of the agri-food sector. The use of digital information sources
may play a potential role during organizational partner selection (Tóth, Nieroda & Koles, 2020). In
agriculture, improved availability of information and knowledge will lead to increased production for
the farmers through better decision-making (Ali & Kumar, 2011). Analyzing the concept of
Agriculture 4.0, Lezoche et al. (2020) found that Big Data may be a tool to a better understanding of
consumer needs and target higher value markets. In the food sector, besides efficiency and process
control, consumer communications are also closely related to the use of ICTs (Lehmann, Reiche &
Schiefer, 2012). In this regard, the level of ICT usage determines the success of customer services and
customer satisfaction that according to Kilimis et al., (2019) could also be important indicators in the
performance of the companies.
Understanding the importance of online information-sharing with the consumers is important, as
mentioned by Van Der Vorst (2006), there is a requirement from consumer side for information not
only about food but farming or distribution practices as well. With new food choice features of
consumers (healthy food ingredients and nutritional value, fair-trade resources, strengthening domestic
loyalty and local consumption etc.), the role of ICTs in the information flow will have a key role.
Since much information is available at the information systems of companies, this information is not
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easily accessible for consumers. On websites, they can find only some subsets of relevant information
(Kaloxylos et al. (2013). Räisänen & Tuovinen (2020) researched on rural micro-enterprises regarding
online appearance and based on their results, respondents were interested in website development and
social media usage among other survey questions aimed at improving online information flow. For
instance, Kubicová, Predanocyová & Kádeková (2019) analysed the dairy sector and they found
information that could be appeared digitalized (e.g. country of origin, nutrition data or composition).
In the food sector, there is a wealth of research opportunity in B2B2C (business to business to
consumer) business models regarding the benefit of customer social media interactions (Iankova et al.,
2019) as these companies are a prime example of the B2B2C type of marketing (Pillai, 2020). Making
easier access to information by all food chain actors (including consumers) is a need to maximize the
benefits of ICTs in food chains and it is necessary to develop applications and services that are userfriendly, relevant, localized and affordable (El Bilali & Allahyary, 2018). There is a potential of
digitalization to find new customers and design new services (Räisänen & Tuovinen, 2020), such as
applications or using Augmented Reality supporting food choice.
ICT applications may also help in improving collaboration between different stakeholders and
results in enhanced food supply performance (Singh et al., 2019). However, strategic decisions on
digital transformation do not automatically improve performance, because it requires enterprises to
rethink and change their business model (Bouwman, Nikou & de Reuver, 2019). More intensive
deployment of ICT is needed inter alia for the optimization of the company’s internal processes
(Ahmedova, 2015). Strong and dynamic corporate entrepreneurship is needed to seize the benefits of
ICT by integrating them into organizational strategies and creating the right corporate culture for ICT
adoption, use, and innovation diffusion (Yunis, Abbas & Kassar, 2017).

2. Materials and methods
Our study used a primary source of data collected with the help of a structured survey. The target
population was the food producing and food processing companies operating in Hungary. The survey
was conducted in the fourth quarter of 2017, and a market research company was involved to make the
interviews and data recording. Respondents were the leaders or a member of the management of the
companies. Sampling based on some economic features of the companies, these were the size (number
of employees), region (NUTS-2 level) and activity (Nace Rev.2.). The data source for sampling was
the Hungarian Central Statistical Office (hereinafter HCSO). The database contains data on ICT usage
characteristics about 500 enterprises operating in the agriculture and food industry as a producer or
processor. The exact sector of respondent enterprises can be seen in Table 1.
Table 1. NACE Rev.2 Codes of Respondent Enterprises

A (Agriculture, forestry and fishing)
01 (Crop and animal production, hunting and related service activities)
01.11 – Growing of cereals (except rice), leguminous crops and oil seeds
01.13 – Growing of vegetables and melons, roots and tubers
01.21 – Growing of grapes
01.24 – Growing of pome fruits and stone fruits
01.41 – Raising of dairy cattle
01.46 – Raising of swine/pigs
01.47 – Raising of poultry
C (Manufacturing)
10 (Manufacture of food products)
10.1 – Processing and preserving of meat and production of meat products
10.3 – Processing and preserving of fruit and vegetables
10.5 – Manufacture of dairy products
10.7 – Manufacture of bakery and farinaceous products
Source: HCSO
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The number of enterprises in the database of HCSO and the sample database; and the percentage of
the represented population by sector can be seen in Table 2.

Sector

Table 2. Share of respondent enterprises by sector
Population
Sample
(N=19 385)
(n=500)

n/N %

Food producers
01.11
01.13
01.21
01.24
01.41
01.46
01.47

16 133
7 860
2 627
890
1 763
778
842
1 373

355
234
16
6
5
28
19
47

2.20%
2.98%
0.61%
0.67%
0.28%
3.60%
2.26%
3.42%

Food processors
10.1
10.3
10.5
10.7

3 252
581
556
119
1 996

145
37
37
10
61

4.46%
6.37%
6.65%
8.40%
3.06%

Source: own editing according to the authors’ survey, 2017 and HCSO database, 2017
The resulting database allowed us to analyze how agri-food companies evaluate the role and
importance of ICT solutions in their business processes. Variables were assessed on a 5-Likert scale.
Our hypothesis is that food processors evaluate ICTs in business processes higher than food producers
and the difference is significant. To prove our hypothesis, in this paper we used the question of
“Evaluate the following ICT-based solutions in the business processes of your company” and the
variables were:
 v1: Fast evaluation of business performance
 v2: Use of low-cost solutions
 v3: Safe data storage at service providers
 v4: Operating high-quality website
 v5: Level of IT infrastructure of suppliers
 v6: Level of IT infrastructure of purchasers
For survey questions formation we used some Eurostat indicators as a basis, the ones that can be
considered relevant for agri-food companies and these are the followings:
 v1: Integration of internal processes
 v2: Cloud computing services
 v3: ICT security
 v4: Websites and functionalities
 v5 and v6: Integration with customers/suppliers, supply chain management
The statistical program SPSS 23 was used for our calculations. As our data measured on an ordinal
scale, in the first step, the non-parametric Mann-Whitney U test was conducted to determine
differences between groups of food producers (group A) and food processors (group B). The
difference was considered significant on the level of 0.05. As there are diverging views on the
normality of data measured on Likert-scale data and according to Norman (2010), independent t-test
also means an option for determining differences in ordinal data. Thus, we checked our dataset for
normality and independent t-test with equal and unequal variances was applied (F-test was applied for
calculating variances). The normality test showed a roughly normal distribution and the result of t-test
was the same. In this article, we present the statistical output tables of the Mann-Whitney U test.
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We made another questionnaire in 2019 to complement our research with consumer attitudes that
may take into consideration for developing business processes and the usage level of ICTs in a
business to consumer relationship. The survey aimed at young people aged between 18 and 25 and
data recording was performed at the University of Debrecen. The participation was voluntary and
anonymous and in total 376 replies were received.

3. Results and discussion
Given that the focus of this article was on the analysis of enterprises, the main part of this section
contains our results calculated for the sampled companies. The variables chosen are considered
important to analyze as for agri-food companies these may be relevant services in their business
activity, and the level of using them has an impact on the cooperation among supply chain
stakeholders. An increasing number of studies have published on the relation between performance
growth through indirect factors (e.g. customer satisfaction, better partner cooperation) and cost savings
reachable by use of ICT in different business processes. Information management, however, plays an
indirect role in the operation of a business, its level affects the transparency and continuity of the
information flow in every type of supply chain. The lack of information value could place the
enterprises operating in a chain at a competitive disadvantage as members could not form the
integration of internal processes and create cooperation with suppliers or customers. Effective
operation and business development are also crucial for agri-food companies and the whole supply
chain. There are many actors (suppliers and producers of raw materials, food and feed processors,
distributors, retailers and final consumers) to interact with, so the usage level of the partners has a
great impact on the success of the information flow. Our analysis aims to reveal some ICT usage
characteristics of businesses from the agri-food sector and to determine differences between two
groups operating two different parts of the supply chain. In the end, a few data from our consumer
survey were displayed to complement our research of information flow in the supply chain towards the
consumer side to initiate potential new supply chain research.
First, we determined the main indicators of the sample using descriptive statistics, subsequently, we
analyzed the variables applying the Mann-Whitney test since all the data were measured on ordinal
data (5-Likert scale). The result of the descriptive statistics of enterprise data is summarized in Table
3.
Table 3. Group statistics of the scores given by the sample enterprises
Food producers (n=355)

Food processors (n=145)

Mean

Std.
Deviation

Std. Error
Mean

Mean

Std.
Deviation

Std. Error
Mean

v1

3.3746

1.2923

0.0686

3.6897

1.2106

0.1005

v2

3.6901

1.1692

0.0621

3.7517

1.2612

0.1047

v3

3.9493

1.3074

0.0694

3.7241

1.4836

0.1232

v4

3.0028

1.5793

0.0838

3.3862

1.5509

0.1288

v5

3.4986

1.2059

0.0640

3.4690

1.2805

0.1063

v6

3.4141

1.1743

0.0623

3.3379

1.2868

0.1069

Source: own calculation based on own survey data
Our result shows that the average values of the two enterprise categories are rather medium (all the
variables are under 4) and the mean values belonging to processors, however, are only higher in the
case of v1, v2 and v4. Food processors appreciate a fast evaluation of business performance, use of
low-cost solutions (e.g. cloud computing services) and operating high-quality website (including the
display of detailed company and product information and frequently refreshed content). This latter
seems to be reasonable as food processors have significant trading activities and this is in connection
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with both retail partners and final consumers. Safe data storage (v3) is more important for the food
producer group with a greater difference from processors. The trend towards a comprehensive data
collection and processing in the framework of precision agriculture in agricultural farms and
enterprises can be a possible explanation for the higher evaluation. In the case of the importance of the
level of IT infrastructure of suppliers and purchasers (v5 and v6) the mean values are higher for the
producer group; however, this difference is slight.
It can thus conceivably hypothesized that food processors do not consider ICT-based business
processes more important than enterprises operating in agriculture. Mean values indicate that there is a
potential to improve the ICT readiness of enterprises through a better understanding and increased use
in order to a more smooth and effective information flow throughout the whole food supply chain.
Regarding mean values, it can be seen a greater difference between the two groups in case of v1, v3
and v4. To determine that these differences can be considered statistically significant or not, the MannWhitney test was applied to the scores given by the two enterprise groups. Table 4. shows the output
table of ranks and Table 5. contains the result of the Mann-Whitney test.
Table 4. Output table of Ranks
Variable

Group

Mean Rank

Sum of Ranks

v1

A
B

240.22
275.66

85,279.00
39,971.00

v2

A
B

246.99
259.08

87,683.00
37,567.00

v3

A
B

255.04
239.39

90,538.00
34,712.00

v4

A
B

240.40
275.23

85,341.50
39,908.50

v5

A
B

250.94
249.42

89,083.50
36,166.50

v6

A
B

252.33
246.03

89,575.50
35,674.00

Source: own calculation based on own survey data
Regarding mean ranks, besides v1, v2 and v4 variables, a higher rank is observed in the case of
food producers for v3. In the next step, we tested these differences using the Mann-Whitney test to
verify our hypothesis that is food processors perceive ICTs in business processes higher than food
producers at a significant level. Our assumption based on the idea that processors may have a closer
connection with final consumers and trading partners in rather digitalized ways. On the one hand, we
assumed food processing companies require complex information systems both for internal and
external integration. On the other hand, communication was supposed relevant to consumers in several
aspects (e.g. market research activity for launching a new product, introducing value-added services
for consumers, or developing an existing product). The output table of Mann-Whitney test can be seen
in Table 5. We used Asymptotic Significance (2-tailed) p-value to determine the significance of the
difference as it is suitable for larger sample sizes, and the normality test showed that the dataset is
roughly normally distributed.
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Table 5. Output table of Mann-Whitney Test Statistics
v1

v2

v3

v4

v5

v6

Mann-Whitney U

22,089.000

24,493.000

24,127.000

22,151.500

25,151.500

25,089.500

Wilcoxon W

85,279.000

87,683.000

34,712.000

85,341.500

36,166.500

35,674.500

-2.564

-.884

-1.175

-2.518

-.110

-.457

.010

.377

.240

.012

.912

.647

Z
Asymp. Sig (2-tailed)

Source: own calculation based on own survey data
Our test result shows a significant difference in two cases, for v1 and v4 between food producers
and food processors in the values given for the importance of the two business processes supportable
with ICTs. In both cases, the evaluation of food processors was higher. The value of Asymp. Sig(2tailed) for the importance of “Fast evaluation of business performance” and “Operating high-quality
website” were 0.010 and 0.012, respectively. Our main hypothesis that food processors evaluate
higher ICT-based business solutions for corporate activities has been partly proved based on our
research findings. Agri-food companies assessed v2, v3, v5 and v6 at roughly the same level,
furthermore, the overall average runs at around 3.5 which is below the level authors expected.
However, our study provides considerable insight into the analysis of information flow at agri-food
companies.
In order to link our enterprise research with the consumer side, we made a questionnaire to analyze
their requirements for food information. The following 3 variables were thought suitable connection
points with the variables used for measuring some indicators that can have a greater role in the
information flow. Our assumption was that to have easy access to information provided by the
company side may be important for consumers. Table 6. shows some information on the attitude of
consumers regarding the food ingredients as this variable has been considered one of the three most
important factors during purchasing with the price and quality/brand.
Table 6. Summarizing table of the main information of the consumer survey
Variables
Ratio
Respondents who consider food ingredient list
as one of 3 most important factors during purchasing
a basis for comparing product alternatives

51%
65%

Respondents who check the food ingredient list:
never
rarely
often
always

5%
31%
43%
21%

Respondents who are interested in such an application that helps in:
displaying food allergens
comparing similar product alternatives
displaying certain product ingredients
displaying the place of origin
a complex version of these four functions

15%
28%
31%
33%
35%

Source: own calculation based on own survey data
Survey results show that the majority of respondents consider the food component list as one of the
most important product information. The importance of this variable was the third during the purchase
(after price and quality) and second in product comparison (after price). The majority (64%) often or
doi: 10.17700/jai.2020.11.1.568
41
Szilvia Botos, Róbert Szilágyi, Mihály Tóth, Gergely Ráthonyi, János Felföldi: Digitalized business processes – assessment and
opportunities of Hungarian agri-food companies

Journal of Agricultural Informatics (ISSN 2061-862X) 2020 Vol. 11, No. 1: 34-44

always read this information on the package. Most respondents indicated a willingness to use such
mobile applications that may support easy information access to certain information or a complex
application that can help them during purchasing and to compare product alternatives. It could be
useful in the development or introduction of related services for consumers as 60% of the age group
surveyed buy food mostly or almost always themselves. Thus, their information requirement may be
relevant in developing new services, such as mobile applications helping in food purchasing.

4. Conclusion
Our overall conclusion is at the beginning of the food supply chain there is a potential regarding the
development of ICT level and attitude towards the importance of ICT-based business processes. As
our result showed, the means calculated for the importance of the variables were around 3.5 which
means a rather medium evaluation from respondent enterprises, both from food producers and
processors. Our assumption that processors assess higher ICT solutions with the aim to increase time
and cost-effectiveness of the companies has been partly proved based on the results of our
calculations. Statistically, processors evaluated only two variables significantly higher compared to
producers. These were the “Fast evaluation of business performance” (Sig(2-tailed=0,010) and
“Operating high-quality website” (Sig(2-tailed)=0.012). Agri-food companies assessed the remained
four variables at roughly the same level. However, our research may be contributed to those studies
that deal with the information flow within the agri-food supply chain. In our opinion, there is a great
opportunity for enterprises to reduce the information gap by promoting new, ICT-enhanced business
solutions and changing the approach to use ICT to develop entrepreneurial business activities. A better
understanding of the importance of projects aiming the development of intra-corporate ICT-level and
use these solutions in B2B2C communication and marketing is also crucial. Our complement research
also supports our suggestion as results showed there is a requirement from the consumer side to food
information and in a simple way. The majority of respondent students (64%) often or always read food
information they also indicated a willingness to use such mobile applications that may support easy
information access to certain information or a complex application that can help them during
purchasing and to compare product alternatives. Application development as ancillary services, using
new technologies such as Augmented Reality or Virtual Reality means the real potential to increase
the efficiency of information flow throughout the food supply chain. Our work has some limitations,
nevertheless, we believe our work could provide ideas for future research direction to study the ICT
attitude of participants in the chain and to highlight the importance of ICT solutions and smooth and
continuous information flow in their business relations and overall in the food supply chain.
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ABSTRACT
The fast development of information and communication technologies gave impetus to
the emergence of a new turn in the revolutionary development of the Agriculture industry.
The main goal of Agriculture 4.0 is to produce more and better with fewer tools (sensors),
for which more tools and technologies already exist today. Use of robots and drones is
being introduced in agriculture and various targeted software is being developed to
process data. Deploying IoT devices in agricultural areas that can send us plant-related
data remotely opens up a whole new opportunity for us in several areas. Agriculture, or
the food industry in general, cannot be an exception when it comes to Agriculture 4.0.
There are also some ideas and initiatives around the use of Blockchain technology. So,
farmers extremely need to get ready to embrace the upcoming digital change and they
have to increase or acquire new ICT skills and capabilities.
Nowadays digital education makes it easier to acquire new knowledge and skills in ICT.
Information and communication technologies tools open new potentials for on-the-job,
individual workplace learning, using new methods and models of education such as
personal learning clouds or set up personal learning environments. All of these helps to
solve one of the main challenges - reducing existing skill gaps.

1. Introduction
The development of Industry 4.0 has almost brought with it developments in other areas as well,
such as agriculture. The development and application of digital technologies in the early 2010s also
brought significant advances in agriculture (Bronson and Knezevic, 2016). Examples include low-cost
sensors and microprocessors, cloud-based ICT systems, and Big Data analytics (Gacar, Aktas, &
Ozdogan, 2017). These technologies have led to the emergence of two new phenomena. On the one
hand, the emergence of agricultural ecosystems with platforms that combine data from sensors or
other equipment in the field (FAO, 2017) immediately allows the farmer to be provided with real-time
information and thus be able to make immediate decisions to increase productivity ( Janssen et al.,
2017; Shepherd et al., 2018). On the other hand, there is scope for cooperation between different
actors in the agricultural and food value chains. Digital data connect ecosystem actors to ensure the
flow of data and information between actors in the food supply chain (Verdouw et al., 2016; Bilali and
Allahyari, 2018). As a result of the above, the term Agriculture 4.0 currently describes these processes.
Thereby the key purpose of the study is to identify the term Agriculture 4.0, to determine the potential
of automation and the main required skills and modern learning methods that farmers can use for
developing and transformation in the framework of Agriculture 4.0. The main method was the analysis
of statistical data characterizing the level of development of the digital Industry, index method, and
rating assessment method.

2. Agriculture 4.0 and its components
European Agricultural Machinery Association (CEMA) combined different terms frequently used
to refer to Agriculture 4.0, such as ”Smart Agriculture”, ”Intelligent Agriculture” and ”Digital
Farming”, or ”Digital Agriculture” (CEMA, 2017). Some authors explain the concept of Agriculture
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4.0 in a similar way as the application of Industry 4.0 methods in agriculture (Andritoiu, Bazavan,
Besnea, Roibu, & Bizdoaca, 2018; Huh and Kim, 2018; Zambon, Cecchini, Egidi, Saporito and
Colantoni, 2019; Braun, Colangelo and Steckel, 2018; CEMA, 2017; Perez-bedmar, 2018; Gacar,
Aktas, & Ozdogan, 2017): Similar to the concept of Industry 4.0, the transformation of Agriculture 4.0
aims to increase its competitiveness. primarily using modern information technology tools (Piwowar,
2018). As defined by Piwowar (2018), the basis of the current agricultural phase is none other than
smart and digital technologies, which consist of sensors, digital devices, and information and
communication technologies (CEMA, 2017; Gacar, Aktas, & Ozdogan, 2017). Through digital
technologies, the system allows the processing and utilization of large amounts of signals and data
from the field and the sensors of the equipment (Jayaraman et al., 2014). Therefore, Agriculture 4.0
also uses precision agricultural technologies and other resources for intelligent data management.
After analyzing and summarizing all definitions, Sponchioni G., Vezzoni M., Bacchetti A., Pavesi
M., Renga F. The authors created the following comprehensive definition for Agriculture 4.0.
Agriculture 4.0 can be seen as an evolution of precision farming while implementing the integration of
automated equipment and sensors and the analysis of data derived from them, modelled on the
intelligent and digital technologies of Industry 4.0. At the same time, it enables the creation of new
knowledge in the decision-making processes of agricultural enterprises, as well as the implementation
of contracts with various actors in the food value chain, eliminating the former rigid boundaries. The
ultimate goal is to improve the profitability and economic-environmental-social sustainability of
agriculture. (Sponchioni G. et al., 2019)
So the main goal of Agriculture 4.0 is to produce more and better with fewer tools (sensors), for
which more tools and technologies already exist today, such as:

the use of robots and drones is being introduced in agriculture and various targeted software is
being developed to process data, even maps. One of the most common uses is to capture images of
plants. These images are later analyzed with programs that provide information on, for example, plant
development. In this way, the farmer can know which areas need to be irrigated more intensively,
where more weeds need to be removed, or how to protect against different plant pests. In rare cases,
drones may also be used by different agricultural companies as fertilizer vehicles;
 Internet of Things (IoT). Deploying IoT devices in agricultural areas that can send us plantrelated data remotely opens up a whole new opportunity for us in several areas. These devices can
consist of several sensors that, for example, examine in parallel several parameters influencing plant
development (soil moisture content, temperature or soil electrical conductivity). This is also useful for
those working in agriculture, as these data allow real-time monitoring of plant conditions and predict,
through statistical models, when irrigation or fertilization or the use of a pesticide will be needed in
certain areas, even for prevention purposes.
 Blockchain technology. Agriculture, or the food industry in general, cannot be an exception
when it comes to Agriculture 4.0. There are also some ideas and initiatives around the use of
Blockchain technology. One of these initiatives is to ensure the origin of food. Concerning supply
chains, it can be observed that they are getting longer. From the moment the fruit (cereals, cereals,
etc.) is planted in the field until it is harvested. In some cases, the supply chain lasts until the consumer
buys the goods. There may also be a degree of unreliability between multi-actor chains, and
Blockchain technology may play a role in this case. Using solutions based on smart contracts, each
transaction can be written in a blockchain, thus ensuring the legitimacy and origin of each transaction.
This will avoid possible product quality fraud. These and any new technologies that may emerge in the
future are gradually becoming part of our lives, and there are even those that have already become and
made our Agricultural measurements more accurate.
And finally, these transformations require advanced digital skills - training and networking of
clients and advisors.
2.1. Predictions of automation and digital skill gaps in the Agriculture Industry
Advances in automation technologies have the potential to revolutionize work by shortening the
time required to perform routine and tedious tasks. According to recent McKinsey Global Institute
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(MGI) report, current advances in automation have the potential to catalyze a new era of global
economic growth by raising productivity and helping to offset the effect of ageing populations in
developed countries.
To calculate automation potential, MGI broke down all occupations into tasks and activities and
estimated what ratio of those activities per different occupations could be automated. Based on this
breakdown and the distribution of occupations in various sectors, MGI determined a sector's
automation potential for Hungary (Figure 1).

Figure 1. Technically automated activity by industry In Hungary, % in 2016
MGI's assessing automation potential according to employment numbers indicates that such
industries as agriculture (56%), manufacturing (64%), transportation (59%), mining (62%) experience
the greatest impact from automation. MGI's analysis also estimates that globally, as much as 49
percent of current work hours could be technically automated. (Figure 2.) However, the findings do
not mean automated machines will replace 49 percent of jobs. MGI's research indicates that less than 5
percent of occupations can be fully automated with current automation technologies, while third of the
activities in 60 percent of the occupations can be automated. (David Fine, 2018).

Figure 2. Aggregated technical automation potential of countries, % of working hours
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Estimates based on Eurostat data support that the demand for e-skills in the labour market is
growing and this can be considered as a fundamental trend. As Figure 3 shows, the employment of
ICT professionals in Europe increased by 49% between 2010 and 2019, which is approx. was seven
times the increase in total employment in the EU-28 (7%) (Eurostat, 2019).

Figure 3. Index of the number of persons employed as ICT specialists and total employment, EU-28, 2010-2019
So, we can conclude that the widespread adoption of Industry 4.0 technologies has led to the fact
that the level of agricultural automation potential is quite high. Farmers need to get ready to embrace
the upcoming digital change. For the agriculture industry workers will be able to effectively operate
and interact with sophisticated modern technology and equipment, robots and related software
products in their work, workers need to increase or acquire new ICT skills and capabilities. The vital
thing is to ensure that the necessary digital skills are developed and that there is an openness about
potential new business opportunities and models that may be unfolding with the digital transformation.
The number of businesses is growing and they are working to reduce skills shortages and develop
employee skills, which can improve their financial and production results as well as reduce costs and
help businesses maintain a competitive advantage. Current educational technologies can help
overcome existing skills gaps. Businesses also seek to exploit the potential of innovation (digital
education), which can help increase market and customer engagement at local, regional and global
levels. Businesses can only take advantage of digital education if they can reduce their costs or
increase their revenues. This, of course, includes further training of employees, infrastructure (GrandClement S., 2017). Another challenge related to the current skills gap is that businesses often do not
have enough information about the skills gap and may not be able to take action to address it. An
important question in the future is how these can be mapped to get images of the shortcomings.
2.3 Digital education as an opportunity to acquire the required skills
As it was mentioned above, the uptake of digital technologies in Agriculture requires new skills
and knowledge for farmers. Raising awareness and organizing a training on a regional and local level
is essential, especially to reach small and medium-sized farms where the use of digital technologies is
not always thought of as profitable. Agricultural Knowledge and Innovation Systems can play an
important role in promoting mutual learning, to generate, share, and use knowledge and information
related to digitization in agriculture.
Smart Farm Training for Employment project reports that the implementation of digital
technologies in Agriculture will create the need for the following jobs presented in Table 1 (SFATE,
Erasmus, 2019).
Information from Table 1 shows that most of the contemporary occupations in Agriculture are
connected with developed ICT skills. Nowadays digital education makes it easier to acquire new
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knowledge and skills. These new learning opportunities are key aspects of lifelong learning and for
acquiring the multidisciplinary knowledge that new job opportunities will require. Regulated training
programs should be flexible enough to take advantage of these new learning schemes, also the
development of multidisciplinary skills should be fostered. Infusing the curricula with digital learning
from the earliest stages of formalized schooling throughout higher education also is key to address the
digital divide.
Although traditional training continues to play an important role in the acquisition of new skills, the
complementary role of self-directed learning in the acquisition of digital skills is also becoming
increasingly important: for European workers aged 16-29. Approximately 72% of employees say they
have acquired ICT skills through independent learning in practice, according to the latest Eurostat
data. Similarly, nearly 40 percent of respondents in the 2015 Harvard Business Review said self-study
was the preferred method of learning about new digital technology (Harvard Business Review, 2015).
These estimates are supported also by the official Eurostat's database, which is presented in Figure
4. So, in 2015 about 32 percent of European Internet users aged from 16 to 74 have used online
resources to obtain information about education, training, or course offers and this figure increased by
13 percentage from 2007 (19%) to 2015 (32%). (Eurostat Database, 2015) This data can confirm the
increasing role and importance of digital education and life-long learning.
Digital technology alone can provide an opportunity to transform education as games become more
available in education. Mention should also be made of the use of personal learning clouds, lecture
videos, huge open online courses (MOOCs), and interactive problem set with automatic feedback and
classification. Finally, the MOOC can also contribute to providing a kind of modulated approach to
lifelong learning and education. This, in turn, allows workers to acquire specific skills and
competencies at any point in their careers without enrolling in any training.
Table 1. ICT connected occupations in the Agriculture Industry
Occupations
Specialists in sensor development to provide
devices for automatic data collection
Data network installers to install the infrastructure
needed to transmit and store the data collected by
sensors or other devices.
Web services developer to design computer
software, web portals and apps to process and
disseminate the information.
Experts in electronic installation and maintenance
both to install the required electronic components
and repair them in case of failure.
Internet of things analyst/programmer to
automate information gathering and processing.

Required skills
Sensor technology, Electronics development,
Data communication
Data analysis, Digital electronics, Data
processing and analysis, Data communications,
Programming
Electronics development, Digital electronics,
Equipment technology, Sensor technology

Programmable logic controllers, Electronics
development, Digital electronics, 3D printing,
Computerized control systems, Remote-control
systems,
Control
technology,
Sensor
technology, Robot technology
Drone pilot to operate drones endowed with Piloting drones
sensors to retrieve data
Crop-farm data analyst for further processing and Farming, Data analysis, Data processing,
statistical analysis of the data obtained to reach Geographic information systems
new conclusions.
Farm production operator/precision farming Farming, Data analysis, Data processing,
operator to analyze data and make decisions on Geographic information systems
farm management.
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Hydroponics technician to control the parameters
in fully automated hydroponic systems
Farm robotics controller to control the
performance of agriculture robots and make
adjustments for specific tasks

Specific skills and knowledge in plant physiology
and agriculture chemistry
Data analysis, Data
processing and analysis,
Remote-control
systems,
Automation
technology, Control technology, Sensor
technology,
Robot
technology,
Robot
surveillance

Figure 4. Individuals using the internet for looking for information about education, training or course offers in
EU-28, % of individuals aged 16 to 74

3. Conclusions
In conclusion, we can mention the development of Agriculture 4.0 contributes to the extensive
automation of agriculture production and jobs. For example, MGI's experts assessed the automation
potential of agriculture, foresting, fishing, hunting in Hungary as 56% of automatable activities. MGI's
analysis also estimates that globally, as much as 49 percent of current work hours could be technically
automated according to existing technologies. Consequently available estimates have proved that the
growing demand for e-skills is a core trend in the labour market, and the agriculture labour market is
no exception. That is why most of the contemporary occupations in agriculture are connected with
developed ICT skills. Nowadays digital education makes it easier to acquire new knowledge and skills
in ICT. These new learning opportunities are key aspects of lifelong learning by providing
modularized approaches to education and for acquiring the multidisciplinary knowledge that new job
opportunities will require.
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ABSTRACT
Originally developed for military applications, Global Navigation Satellite Systems
(GNSS) have become a part of our daily lives. It is also essential in modern agricultural
production. For example, precision crop production and precision livestock farming
work with a lot of position (stationary or dynamic) data provided by navigation systems.
The first global navigation system was called Global Positioning System (GPS). Since
then, a number of similar independent systems have been developed because of the fact
that the service can be restricted or even disabled due to an event. Modern terrestrial
navigation devices measure their position across multiple GNSS systems, thus
increasing accuracy.
In this article we will illustrate the general operational features with an example of the
oldest navigation system, the NAVSTAR GPS of the USA. In addition, we present the
main features of Galileo, the system set up by the European Union, which is expected to
be fully operational in 2020. We present the market situation for GNSS systems and
illustrate its use through some precision farming applications.
We conducted in-depth interviews to learn about farmers’ knowledge and motivations
about GNSS technology and precision farming. All those who are not yet or only
partially precision farmers want to switch to full precision farming in the long run.
Respondents have all heard of Galileo, but their knowledge is partial. Users are waiting
for Galileo to be fully operational.

1. Introduction
The development of positioning based on satellites, now commonplace, is linked to the military
industry. The technology, primarily designed for military navigation, has become available in civilian
life, where it is used to retrieve data with a variety of accuracy requirements.
The best known of these systems are the US NAVSTAR GPS (Global Positioning System for
Navigation Satellite Timing and Ranging, simply GPS) and the Russian GLONASS (GLObal
NAvigation Satellite System). (Detrekői and Szabó, 2002) Since both systems are operated by the
army, it can become inaccessible to users at any time. To eliminate dependence, Japan has developed
the QZSS (Quasi-Zenith Satellite System) and India has developed IRNSS (Indian Regional
Navigation Satellite System).
The Chinese BDS (BeiDou Navigation Satellite System) was built in 3 phases. Initially, the
regional BeiDou-1 system (2000-2007) was used in China and neighboring countries, and then the
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BeiDou-2 system, also known as Compass satellite system (2007-2015), became available in the AsiaPacific region. The third BeiDou-3, still under development, already provided a global service at the
end of 2018.
The Galileo navigation system, developed by the European Union, is fully civilian, and is expected
to be completely operational at the end of this decade.
More and more similar systems are emerging in the world – these are collectively called the Global
Navigation Satellite System (GNSS). (Károly, 2018a; 2018b)

2. Principle of satellite positioning
To determine our position, we first calculate the time delay of the electromagnetic wave from three
visible and known satellites to the receiver. From this, the distance of each satellite can be calculated
by knowing the propagation speed (speed of light) of the signal. Then we can determine our position
based on the principle of triangulation (Figure 1). The locations of points at a given distance from a
point are on a spherical surface. We can form three spheres so that the three measured satellites give
the center of the spheres and the calculated distance is the radius. These three spheres intersect at two
points, but the coordinates of one of them would be so extreme that it could be immediately ruled out
(either inside the Earth or somewhere in space). (Belényesi et al., 2008)

Figure 1. Distance from a: 1 satellite, b: 2 satellites, c: 3 satellites (Belényesi et al., 2008, 57. p.)

There are three segments to satellite positioning: the satellite system (Space Segment), the ground
segment with control system (Control Segment) and the receivers of users (User’s Segment) (Figure
2). (Busznyák, 2011)

Figure 2. Parts of satellite positioning (http://access.feld.cvut.cz/storage/201102071036_Fig1.jpg)
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2.1. Space Segment
The GPS system officially became fully operational in 1995 (FOC: Full Operation Capability)
when 24 Block IIA type satellite were in orbit (Figure 3). The system has 24 artificial moons orbiting
at approximately 20200 km in orbit. The orbits are designed so that users can always see at least 5-8
satellites from anywhere on Earth. (Busics, 2010a)

Figure 3. The 6 orbits of GPS satellites (http://www.agt.bme.hu/tutor_h/terinfor/gif/35afig96.gif)

The GPS satellites transmitted the data needed for measurement at two frequencies (L1, L2). The
freely available C / A (Coarse / Acquisition) code was broadcast only on the L1 carrier signal, while
the P (Precision) code was transmitted to military users by the L1 and L2. Each of the signals contains
the data (D-Data) required for the measurement. Navigation data such as the current position of the
satellites or the clock correction data.
As a result of modernization, GPS satellites are currently transmitting eight signals at three
frequencies. (GPS.GOV, 2017a)
2.2. Control Segment
The Operational Control Segment (OCS) is made up of a global network of ground facilities that is
monitoring GPS satellites plus their transmissions, perform assessments, and send commands back to
the satellites. The ground control stations continuously measure and improve the parameters of the
satellites and, if necessary, make orbital changes (Figure 4). (GPS.GOV, 2018)

Figure 4. GPS Control Segment (https://www.gps.gov/multimedia/images/GPS-control-segment-map.pdf)
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2.3. User’s Segment
GPS receivers are responsible for determining their own current position, using the hardware
needed for measurements and the software needed for evaluation. Receivers can be divided into three
groups: navigation receivers, GIS receivers and geodesic receivers (Figure 5).

navigation recievers

GIS recievers

geodetic recievers

Figure 5. The three basic types of GPS receivers in User’s Segment

Navigation receivers are the most common and cheapest devices used for absolute positioning and
navigation. Tangible receivers have an accuracy of around 10 meters. Receivers for GIS data
collection are more expensive devices, their accuracy is measured in meters, but it is possible to
achieve accuracy under 1m. The devices consist of a data acquisition (control) unit and an antenna.
Geodetic receivers carry out phase measurements, so their accuracy is in the order of mm. Geodetic
receivers achieve accuracy of 5 mm in relative upright (static) measurement and cm when in motion
(kinematic measurement). (Busics, 2010b)

3. The measurement
Distance measurement is not directly possible for obvious reasons, but distance can be calculated.
If we know the propagation speed of the signal and we can measure the time it takes to travel from
satellite to receiver, then the speed and time gives the path. The speed of the signal is known (speed of
light, c), so measuring the time is the task to be solved. Accuracy of timing is essential as a
millisecond error causes a 300 km error. Because of this, the satellites run several (3-4) atomic clocks.
The distance can be obtained in two ways, code measurement or phase measurement.
3.1. Code measurement principle
The satellite broadcast signal indicates which satellite was broadcasting at that time. Code
measurement can be performed only if the GPS receiver is familiar with the code generation
algorithm. The receiver also generates a copy of the code sent from the satellite, the so called replica
code and begins to measure the time until the satellite receives the same “patterned” signal. When the
incoming code overlaps the replica code, the timing stops (Figure 6), and the distance can be
calculated. (Ádám et al., 2012)

Figure 6. Code measurement principle (Ádám et al., 2012, p. 39.)
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If the receiver's clock were perfect, the three measurements would result in our actual location.
However, satellite clocks are accurate, but not the receivers’ ones, thus ue to an inaccurate receiver
clock, all measurements have the same error. The receiver's clock error can be eliminated by taking
another measurement, so each receiver must see at least four satellites. (Belényesi et al., 2008)
The theoretical accuracy of the code measurement is 3 meters for civilian and 0.3 meters for
military purposes. (Ádám et al., 2012)
3.2. Phase measurement principle
In phase measurement we can measure the phase position Δφ (t) of the carrier wave with the codes.
The distance to be measured consists of two parts: the unknown integer product of N over the periods
(N × λ) and the residual distance that can be determined by phase measurement (Δφ / 2π × λ). (Busics,
2010c)
It is sufficient to determine the number of complete cycles (N) at the time of the first measurement.
If the receiver does not move and follows the satellite while continuously measuring the phase, then
the value of N can be calculated from the results of four consecutive measurements. The receiver
records the number of complete cycles received after the start of the measurement (n). The distance
can then be calculated as Nλ + nλ + (Δφ / 2π) λ (Figure 7).

Figure 7. Performing phase measurement at times t0 and t1 (Ádám et al., 2012, p. 41.)

For phase measurement, the measurement is – in principle – accurate to 2 mm for each carrier
wave. Therefore, geodetic data is collected by this method, phase measurement. (Busics, 2010c)
3.3. Result of measurement
GPS receivers provide horizontal (Λ, Φ) and elevation (h) coordinates in the WGS-84 reference
system. In case of another projection system, the measurement results have to be converted
(transformed) into Unified National Projection (EPSG: 23700) system coordinates, which is used in
Hungary. (Sárközy, n.a.)
The accuracy of the results is affected by many factors:
 satellite orbit and clock errors,
 the delay caused by the ionosphere,
 the delay caused by the troposphere,
 multipath propagation caused by surface objects,
 cycle jumps due to an object placed between the satellite and the receiver,
 error due to antenna phase center deviation,
 receiver clock error,
 adverse satellite geometry,
 errors due to covering of terrain, trees, buildings. (Belényesi et al., 2008)
Due to the delay in the ionosphere, the satellite measures the distance of the satellite longer than it
actually is, and, if not corrected, would result in large positioning errors. This delay is proportional to
the signal frequency, the lower frequency signals suffer more delay than the higher frequencies.
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Therefore, by measuring at two different frequencies for the same satellite, the ionospheric delay error
can be reduced. (Ádám et al., 2012)
To ensure accuracy of measurements, the GPS satellites themselves transmit correction parameters
in the navigation message. This can be complemented by SBAS (Satellite Based Augmentation
System) and GBAS (Ground Based Augmentation System). The SBAS service transmits reference
data and distance corrections from satellites in the geostationary orbit to the receiver. EGNOS
(European Geostationary Navigation Overlay Service) is available free of charge in Europe. EGNOS
uses terrestrial GNSS measurements at reference stations with well-known coordinates in Europe. The
stations transmit all measurement errors to a central computer hub, where the necessary corrections are
calculated. They are transmitted to the three satellites located above the Equator so that, in principle,
they are always visible from anywhere in Europe.
Apart from EGNOS, there are three globally owned, civilian-supervised, global-scale SBAS
systems: WAAS (Broad Extension System) in North America, MSAS (Multifunctional Satellite Based
Extension System) in Japan and GAGAN (GPS and Geo-Enhanced Navigation System) in India.
(Busics, 2010d)
Another way to correct accuracy measurements is Precise Point Positioning (PPP). PPP is provided
by the International Global Navigation Satellite System (ISS) network service. IGS is a worldwide
system of civil GNSS reference stations, data centers and analysis centers independent of GNSS core
system operators. It aims to “provide high-quality, high-precision GNSS data and products that can be
used as a standard to support earth science research, multidisciplinary applications and education”.
IGS is an active global network, but most services are not available in real time.
During PPP, longer period measurements with the GNSS receiver are processed afterwards, which
does not use the on-board orbit data of the given system, but the precise orbit data provided by the
IGS, post-determined clock parameters and atmospheric models.
The trajectory, clock, and atmospheric models provided by the active IGS network have improved
over time, which is why the PPP method also provides increasingly accurate results. (Busics, 2010d)
Relative positioning has been developed to eliminate the most common measurement errors. In this
case, simultaneous measurements are made at a reference point of known coordinate and at one (or
more) unknown points. At the reference point, the difference between the measured and known
coordinates, ΔX, ΔY and ΔZ, can be calculated. These coordinate differences are transmitted by the
reference station to other receivers via a real-time communication channel (radio, GSM telephone,
mobile Internet), which corrects their own coordinates. It is important that all receivers detect the same
satellites at the same time.
Customers can stay in one place during measurement (static measurement) or move one or more of
the customers (kinematic measurement). (Ádám et al., 2012)
In relative positioning, at least two receivers are required for simultaneous measurement, a base
station at a known location and a rover station also at a known position. If the measurement is realtime, then the proper communication conditions for data traffic must be ensured. If the user provides
them himself, he does not depend on others to operate the equipment (autonomous measurement). For
service-based metering, they can use a built-in active network instead of their own autonomous system
that provides them with the necessary correction data for a fee. (Busics, 2010e)
Real-time kinematic measurement is called DGPS (Differential GPS) positioning, and phase
measurement is called RTK (Real-time Kinematic) positioning. Both methods require the calculation
of correction data and their transmission to the customer via a fast communication channel. At least
four satellites are required for DGPS and five for RTK. RTK can be based on one or more bases. A
base system consists of a reference station and a rover, which is installed at a known position (Ádám
et al., 2012). In case of autonomous measurement, the base is temporary, it is only working at the time
of measurement. On the other hand, in the case of service-based measurement, the base is permanent
(for example one of the base points of GNSSnet.hu). With the case of RTK measurement, corrections
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calculated from data measured by several coordinated permanent bases are provided to the customers
by a single control panel. (Busics, 2010e)
3.4. GNSSnet.hu
Its statutory definition follows as a system of Hungarian active GNSS networks maintained by the
central governmental organization for surveying and GIS and services based on it (VM, 2013). From
its name it relies not only on the GPS network but also on other navigation systems (GLONASS,
Galileo). For even coverage of the country, the stations were located at distances of about 60-70 km. A
total of 35 stations in Hungary have been built, with 19 stations from the neighboring countries
helping to ensure full coverage of the border areas (Figure 8).
The GNSS Service Center provides real-time GNSS correction services and post-processing off
data. The Differential GNSS (DGNSS) service provides accuracy of under one meter for GIS,
navigation and hobby applications. They provide RTK and grid RTK corrections for geodetic and
precision agricultural purposes. (KGO, 2019)

Figure 8. GNSSnet.hu base points (http://www.sgo-penc.hu/geo_halozatok.php)

4. Modernisation of GPS satellites
The space segment of GPS is continuously undergoing development. In 1995, the fully deployed
system contained 24 units of Block IIA (2nd generation, “Advanced”) satellites. The satellite generations
since then have been released in chronological order: Block IIR (“Replenishment”), Block IIR-M
(“Modernized”), Block IIF (“Follow-on”), GPS III, and GPS IIIF (“Follow-on”) (GPS.GOV, 2018).
Eight Block IIR-M satellites launched between September 2005 and 2010 are already broadcasting
the new civil code L2C. Because the L2C signal is transmitted by satellites at a higher power than the
L1 signal, it provides better reception indoors and under the canopy of trees. Since the effect of the
ionosphere is a function of frequency, receiving the same signal at two frequencies can significantly
reduce the ionospheric effect. Until then, this option was only available for military use. Also, these
satellites were the first to broadcast the new hard-to-crack and obfuscated M code (M: Military). A
complete satellite system will ensure full functionality by 2020. (GPS.GOV 2017b)
From May 2010 to February 2016, 12 Block II-F satellites were launched. These included new,
more accurate atomic clocks, a more easily reprogrammed computer system, and the new L5
frequency (1176.45 MHz). (Busics, 2010a)
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Combining L5 with L1 C / A improves accuracy through ionospheric correction. The use of three
GPS frequencies (L5, L1 C / A and L2C) allows for sub-meter accuracy without supplementary
services (SBAS, GBAS). The L5 has not yet been fully commissioned, so its use is limited.
(GPS.GOV, 2017b)
The first Block IIIA satellite was launched on December 23, 2018, followed by nine more. The
biggest novelty is the newer civilian signal L1C, which has moved to the L1 frequency, where the L1
C / A signal is still available.
L1C was originally developed jointly by the US and the European Union for GPS and Galileo as a
common civilian signal, but L1C-like signals were also accepted by the Japanese, Chinese and Indian
GNSS systems.
The satellite is currently in test phase only. (GPS.GOV, 2017b)
L1C is the fourth civilian GPS signal. It was designed to enable the operability between GPS and
international satellite navigation systems, thus it will improve GPS reception (e.g. for cars, mobile
phones) in cities and other challenging environments.
Japan's Quasi-Zenith Satellite System (QZSS), the Indian Regional Navigation Satellite System
(IRNSS), and China's BeiDou system also use L1C-like signals for operability through borders. (Xu
and Xu, 2016)
As a result of the upgrade, the GPS satellites will transmit eight signals (four civilian and four
military signals) at three frequencies. (GPS.GOV, 2017a)

5. Galileo navigation system
Europe’s own global navigation system, Galileo functions with each Galileo satellite transmiing 10
different navigation signals, allowing Galileo to offer four different services. Signals may include
navigation data (data channels) and non-data carriers (pilot channels). The data channels contain code
that identifies the given satellite from where the signal came. Long codes allow for the interpretation
of very weak signals such as those that can be received inside a building (of course it needs more
time). On the other side, it takes less time to receive shorter codes, but the receiver can mix signals
from two satellites more easily. Differentiating between two codes in the receiver is inversely
proportional to the length of each code.
Galileo provides alternative codes with different characteristics for different needs (an indoor,
stationary user requires a long code, while an outdoor, fast-moving car needs rather short codes). In
addition, many codes allow estimation of the ionospheric delay error in the receiver. This is the reason
why Galileo services are usually implemented in pairs of signals. (ESA, 2018)
Galileo offers four global services when fully operational:
 Open Service (OS): Open and free positioning and timing service on smartphones or car
navigation systems. After full operation, the measurement accuracy for a single frequency
measurement is 7.7 m horizontally, 12.6 m vertically, 1.8 m horizontally and 2.9 m vertically for two
frequency measurements;
 High Accuracy Service (HAS): An additional code is added to the OS in a different frequency
band to achieve accuracy close to cm. HAS allows you to develop professional or commercial
applications. The HAS signal can be encrypted to control access. Galileo's high precision service is a
redrafting of the former Galileo Commercial Service (CS);
 Public Regulated Service (PRS): A service limited to government-authorized users (Civil
Defense, Fire Department, Customs and Police) for sensitive applications. They require a level of
service availability in national emergencies or crises such as terrorist attacks;
 Search and Rescue Service (SAR, formerly Safety of Life - SOL): Europe's contribution to
COSPAS-SARSAT, an international satellite-based search and rescue alarm system. As a result, the
search time after triggering the alarm is reduced from three hours to only ten minutes at sea or in the
mountains. In addition, the position of the alarm will be determined within 5 km instead of the current
10 km (GSA, 2019).
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The Galileo system expected to be fully operational in 2020. (GSA, n.d.)

6. GNSS in agriculture market
The global precision agriculture market will grow with a CAGR (Compounded Annual Growth
Rate) of 12% through 2020, while the total market value will be about $5.5 billion until then (Dressler
et al., 2015).
This increase is reflected in the agricultural penetration of GNSS-based solutions. The global
annual delivery of a GNSS device by 2025 is expected to be more than tripled, and the penetration of a
GNSS device is expected to increase by more than 50%. By generating revenue controlled by
autonomous flight, but with an expected fast price drop, high-precision applications will become
easier to access. Variable Rate Applications’ revenue will be near to €900 million in 2025, as more
efficient business models are better established. This growth is primarily due to the rapid deployment
of sophisticated agricultural applications in both the developing world (India, China and the Smart
Pacific) and the most developed areas (US, Europe and Australia). (GSA, 2018)
The most technologically advanced region in the world is North America followed by Asia. In
addition, the former is the most developed in Precision Agriculture (PA) (More about PA see Chapter
7). Furthermore, according to expectations, PA market will be doubled in North America between
2015 and 2025 (GSA, 2017).
With the average farms being large and highly mechanized, and also having to have high costs of
labor, US farmers have been great adopters of precision agriculture applications. Services such as soil
sampling with GPS and guidance systems are examples the most popular ones among farmers. WAAS
(Wide Area Augmentation System) has a significant penetration (approx. 70%), while RTK solutions
offered by public, commercial or public and commercial partnerships, are preferred for more advanced
uses (Holland et al., 2013).
In Europe, Western and Eastern countries are moving at different speeds and maturity levels to
adopt GNSS-based solutions. In Western Europe, an advanced precision agricultural sector boasts
increased production and mechanization, mainly due to increased cost-effective management. For
example, in the Netherlands, GNSS is well adopted and 65% of farmers use its technology in their
cultivation in 2016. (Michalopoulos, 2016)
Eastern Europe, however, starts at a lower level but also grows at a greater pace, driven by the need
for increased output, the RTK, DGNSS and EGNOS will have market penetration rates of 25%, 8.5%
and 67% respectively (VVA Market Research, 2012).
Additional emphasis should be placed on users’ expectations of EGNSS (European GNSS),
especially in relation to the new opportunities opened by Galileo HAS and SAS, dual frequency
receivers (or even multi-frequency ones such as PPP - Precise Point Positioning). This would allow the
realization of the potential of E-GNSS (GNSS based on EGNOS correction) in the technology-driven
era of agriculture.
Increased and sustainable agricultural production, addressing main social and economic challenges
(global population growth, increased food demand, increasing middle-class’ higher calorie intake),
relies on GNSS-enabled solutions in a number of ways. GNSS user needs, closely linked to growing
and emerging market trends, are:
 Enhancements in high-precision solutions (multiple constellation, multiple frequencies,
Galileo High-Precision Service (HAS), coupled with increased availability of low-cost equipment (e.g.
EGNOS-enabled devices and more affordable GNSS RTK solutions);
 A combination of GNSS with other technologies such as Remote Sensing, proximal sensor,
IoT and Robotics, drones, Integrated Farm Management Solutions and Big Data Analytics.
In this regard E-GNSS solutions could be significant in the usage of GNSS by farmers and applied
in a variety of applications (GSA, 2018).
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„The introduction of the Galileo GNSS, offering technological innovations and new business
concepts compared to traditional GNSS, will benefit the application of GNSS in the agricultural
community in various application areas.” (Lokers et al., 2007)

7. Usage of GNSS in precision agriculture
Precision Agriculture (PA) is the application of the “right treatment in the right place at the right
time”. Relying on the utilization of various technologies - dominantly on precise positioning through
GNSS, it enables in-depth, site-specific management of agricultural production (Figure 9). Precision
agriculture applications are steadily rising over the past few decades with the help of low-cost and
high-accuracy GNSS solutions. It has been driven by the need for improved crop yield by optimizing
inputs. Thus, farmers have been able to minimize soil compaction, reduce the use of fuel, pesticide and
fertilizers, and increase productivity by precisely guiding their farming equipment and accurately
applying different inputs tailored to their fields. Other significant benefits include the reduction of
environmental impacts and, of course, increased worker safety.
There is great diversity of applications in agriculture for GNSS, mainly: Guidance systems,
Variable Rate Applications, Site-Specific Data Analysis applications and tracking/delineation. Each of
these application groups has its own GNSS performance requirements.
The most widespread and well-adopted PA solutions are the accurate and precise steering of
tractors and other farming equipment. Methods such as machinery guidance, automatic steering and
controlled traffic farming (CTF) enable machinery to move along tracks on the field, minimizing
overlaps, being faster and allowing extended work periods. Equally important are Variable Rate
Technology applications that allow the efficient utilization of nutrients and chemical products in
different areas of the field, and more importantly precise seeding and planting. In the future, new
applications are coming to existence such as field levelling and drainage, implement guidance,
grassland-related operations (where EGNOS could have an advantage), and machine telematics.
(GSA, 2018)

Figure 9. Overview of GNSS-supported precision agriculture activities along the crop cycle

(GSA 2018, p. 23.)
Farm Machinery Guidance systems have field operations such as spraying, fertilizing, planting and
harvesting (Figure 10). They utilize corrected GNSS signals, aiding farmers in driving on the planned
path. By reducing overlaps and skips between adjacent track lines on the field, guidance systems
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enable increased driving accuracy, improve in-field efficiency, and allow working at night or under
low-visibility conditions. GNSS-based guidance relies either on a prior pass or on a fixed line. For
prior pass guidance, the driver starts by manually steering the machinery on a path along the field.
Once the pass is recorded, all subsequent passes across the field are carried out at a given distance
from that particular pass. This distance is typically the swath width of the equipment. The prior pass
method is god for adapting to the shape of the field. On the other hand, in fixed-line guidance, the first
path is carried out along the so-called AB line connecting two predefined points. As with the prior
pass guidance, all subsequent passes are defined by a given offset distance - typically the swath width
- multiplied by an integer. Contrary to the prior pass guidance, each subsequent pass is dependant on
the AB line, the offset distance and the respective integer. (Heege, 2013)

Figure 10. Examples of various In-field driving patterns (GSA 2018, p. 25.)

Whether referring to manual or autonomous guidance, farmers’ requirements are focused mainly
on GNSS receiver performance. The farm machinery guidance solutions should offer a pass-to-pass
accuracy of 10-30 cm ensured through SBAS or DGNSS. Automatic steering solutions, as well as
advanced machinery guidance (i.e. planters, weeders), require cm-level (2.5-10 cm) accuracy ensured
via RTK solutions. For activities where the farmer returns to an exact location at a different time (e.g.
strip tillage) high-repeatability is also necessary, meaning smaller effects from GNSS drift. RTK has
essentially no impact from GNSS drift, whereas DGNSS (Differential GNSS) and SBAS can drift in a
range from 50-150 cm. Apart from accuracy requirements, availability and continuity in the reception
of GNSS signals (especially to mitigate operating environment and multi-path impacts) are very
important factors. (Mullenix et al, 2010)
With regard to GNSS accuracy, requirements vary depending on the specific farming process
(Figure 11). Thus, activities such as spreading, spraying and harvesting of bulk crops require submeter to decimeter accuracy provided by SBAS/DGNSS. However, demanding activities such as
seeding, planting and weeding require cm-level accuracy provided by RTK. Furthermore, GNSSbased solutions should provide automatic controlling capabilities (i.e. turning the spreaders on and off
depending on the exact site). (GSA, 2018)
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Figure 11. Positioning accuracy requirements per GNSS application and technology
(GSA 218, p. 36.)

8. Galileo awareness among Hungarian farmers
In order to assess the awareness of Galileo GNSS system, we conducted qualitative research and
conducted structured in-depth interviews. In-depth interviews were conducted in April 2020 in the
form of an informal interview, in person or by telephone, with four agricultural specialists from
Somogy County, who had decision-making power and/or insight in the field of enterprises (Table 1).
We did not strive for representativeness in the survey, but it was important that the respondents really
had an insight into how the businesses work. We looked for farms of a size where efficient precision
farming can (or could) be carried out efficiently. Based on personal acquaintance, we selected the
respondents, who were fully or partially precision farmers and also traditional farmers. Partly
precision farmers use certain precision elements - line guide and RTK-based automatic steering,
section control. In the long run, they want to introduce the full range of technology into currently not
yet fully precision farming businesses.
Table 1. Background variables
Economic form,
No.
start of operation
I.

Co. Ltd., 2007

II.
III.
IV.

Ltd., 1994
Ltd., 2013
Co. Ltd., 2001

Interviewee
owner, machine operator, 44
years old
owner, 38 years old
founder of company, 65 years
agronomist, 36 years old

Area size, ha

Management mode

510

traditional farming

350
310
2700

partly precision farming
full precision farming
partly precision farming

In addition to basic management data, the in-depth interview questions focused on the familiarity
with the Galileo system and the associated views of farmers. In addition, in the case of precision or
semi-precision farms, we were also interested in how the information from the obtained data is utilized
by the given economy.
The answers on knowledge of satellite systems show that they are basically familiar with the
technology, they know GPS and Glonass, but the RTK, Trimble and Ag Leader systems too.
All of the in-depth interviewees had heard of Galileo, they knew it was a European development,
one of them called it the “European GNSS system”.
They differed on the impact that the introduction of Galileo would have on accuracy, speed and
cost. There were those who said that using the Galileo system would increase both speed and accuracy
and reduce costs, while others believed that Galileo would not bring anything improvement over the
past. According to one of them, it may improve the accuracy of the return, but this does not
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substantially affect precision farming, it has no effect on speed, but he could not judge its impact on
costs. The remaining respondent could not judge the impact of the introduction of Galileo.
Respondents use other commercial software in addition to the factory software added to the
machines, but some also use open source software, QGIS.
The fully precision farm is equipped with all the tools currently on the market: autopilot, automatic
steering, active implement control, automatic turn table’s end, automatic section control, active charge
control, variable dose application, machine communication, remote monitoring. The data obtained by
them are analyzed by experts, and the following application plans are prepared based on the
information extracted from them. In addition to the experts' analyzes, Agrovir and SMS software are
used to perform their own analyzes. They, since they built their farm on American GPS, do not want
to switch to Galileo.
Overall, regardless of whether they are traditional, precision or 'mixed', all in-depth interviewees
have heard of the Galileo system. The owner of the traditional farm was the most positive about the
evaluation of the system, the farmers applying the elements of precision farming cannot yet clearly
judge the speed, accuracy and contribution of the system to the costs.

Conclusion
The use of GNSS in agriculture will become inevitable. Precision management requires a great deal
of satellite navigation support, furthermore continuous development of available GNSS systems
contributes to increasing accuracy. It is particularly important in Europe for more accurate navigation
to be made available by making full use of the Galileo system.
Users are waiting for the Full Operational Galileo. It would be useful to carry out more in-depth
economic studies in this area and it would be worthwhile to describe in detail the technical
characteristics and accuracy of Galileo in order to switch to its use, thus becoming independent of the
US, Russian and Chinese systems.
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