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Abstract Precision Agriculture is a farming management concept that aims to help farmers to make 

more profit and reduce environmental risks and operating costs. An integration of different 

data in Precision Agriculture leads to a better understanding of the processes and 

interactions between site characteristics, management practice in order to improve 

decisions in a farm. 

 

In this report, we describe an architecture design for data integration platform that can be 

used for the storage and management of Precision Agriculture data. An extended domain 

analysis was carried out in a case-study farm – Van den Borne Aardappelen and best 

practices of relevant projects.  As a result, three categories for the data of Precision 

Agriculture were defined. Additionally, the platform was shaped with the output of the 

problem, feasibility, and requirement analyses.  

 

In conclusion, the results obtained demonstrate the benefits of using integrated and 

combined data and providing an ability to perform intuitive analyses for better insights of 

the current available data. 

Keywords Precision Agriculture, Data integration, Data platform, Data visualization, Database, 

Sensor data, PDEng, TU/e, Software technology 
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Foreword 
The agricultural system is facing several major challenges including a strong 

growing world population, decreasing available arable land per capita, soil 

degradation, climate change and scarcity of water and energy. In order to feed 

approx. 9 billion people in 2050 food production has to be increased by at least 

70%. Precision agriculture (smart farming) has become an essential feature of 

arable farming to produce sufficient crops in a sustainable and affordable manner. 

Remote sensing, satellites and digital technologies make it now possible to collect 

huge amounts of critical data to monitor plant health, disease, soil condition, 

humidity, environment, weather conditions, pests and so on. Integrating, managing 

and analyzing these heterogeneous data sets make it possible to develop predictive 

algorithms and crop growth models for data driven decision making in farming.  

 

The models and algorithms can potentially make farm’s operations more 

productive and efficient and potentially might allow to reduce the footprint of 

current farming systems (e.g. by decreasing the need for chemical crop protection). 

However, agriculture is one of the most difficult fields to contain for the purpose 

of statistical quantification and developing crop models for reliable decisions in the 

field. Even within a single field, conditions are always changing from one section 

to the next and consequently gathered data can be extremely noisy and incomplete. 

An integrated data management and data analytics environment (digital 

architecture) is essential to discover new insights and to create value in precision 

farming.  

 

The DIPPA system (Data integration platform for Precision Agriculture) developed 

in this PDEng project is an essential step forward to manage and analyze the 

heterogeneous precision farming data sets and to translate data in value for the 

farmer in this era of sensing and big data. This first version of DIPPA allows the 

integration of in house, open source and commercial software tools to provide a 

strong basis for the development of predictive algorithms for precision farming and 

new scientific crop growth models. This is an essential step to increase our insights 

in e.g. the relationship between seed and soil. Moreover, the software engineering 

architecture of DIPPA will make it possible to make cross-connections with other 

(inter)national platforms and data lakes based on applying meta-database 

management principles to design powerful dashboards based on among others 

“farmers in the lead”. 

 

Prof.dr Jakob de Vlieg  

Chair of Applied Data Science  

Department of Mathematics and Computer Science 

Eindhoven University of Technology 
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Preface 
 

This document summarizes the “DIPPA - Data Integration Platform for Precision 

Agriculture” project.  The project addresses the opportunities and challenges of 

integrating, managing and analyzing data in Precision Agriculture.  
 
The project was executed by Bulganchimeg Enkhtaivan from the Stan Ackerman’s 

Institute, PDEng Software Technology program of the Eindhoven University of 

Technology. This project is the ten-month final assignment for the aforementioned 

two-year Professional Doctorate in Engineering (PDEng) program, known by its 

Dutch name as Ontwerpers Opleiding Technische Informatica (OOTI). This project 

was implemented within the Applied Data Science Group at Eindhoven University 

of Technology (TU/e). 
 

This document is primarily intended for readers with a technical background in 

disciplines, such as data integration, data modeling, databases, and general 

software engineering. However, no specialized knowledge in these disciplines is 

needed. Readers with a non-technical background or who are interested in knowing 

the basis and results of this project should read chapters 1 - 3 and 11-13. 
 
These chapters introduce and explain the essential points in which the project is 

aimed and the results that we have obtained with this project. Readers who are 

interested in the detailed technical solution of the project should read chapters 4 - 

10. These chapters cover a reference architecture, design, implementation, as well 

as verification and validation phases of the project. 
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Executive Summary 
 

 

Between now and 2050, the U.N. predicts the world population will grow to 9.8 

billion1. As a result of that population growth and changes in diet associated with 

rising incomes drive greater demand for food and other agricultural products. The 

question we need to answer is – how can farmers increase crop production 

sustainably to meet significant increases in demand? Over the past years, farmers 

have been adopting new technologies. Precision Agriculture (PA) is a farming 

management concept that is about managing variations in the field accurately 

to grow more food using fewer resources and reducing production costs2. It aims 

to help farmers to make more profit and reduce environmental risks and operating 

costs. This requires effectively managing input resources like fertilizer, water, and 

seed quality and minimizing the impact of unpredictable variables such as weather 

and pests.  

 

The main focus of this project is an architecture design for a data integration 

platform that can be used for the storage and management of Precision Agriculture 

data. Integrating, managing and analyzing data from remote sensors, satellites, and 

farming management systems can lead to a better understanding of the processes, 

field characteristics, and management techniques. All this is important for the 

decision making process in farming.  

An extended domain analysis was carried out in a case-study farm – Van den Borne 

Aardappelen and best practices of relevant projects.  As a result, three categories 

for the data of Precision Agriculture were defined. The concepts and objectives of 

the categories were realized by means of different characteristics of the data 

collected in the case farm. Additionally, an investigation of the system was done to 

identify functional and non-functional requirements for its later evaluation. 

Following that, the platform was shaped with the output of the domain, problem, 

and feasibility analysis.  

 

The design of the data integration platform emphasizes the re-usability and 

realization attributes of the solution. It follows a distributed architecture divided 

into building components that make it extensible. An implementation of the 

platform, a prototype was developed as part of this project.  In order to prove the 

data models, a database was designed and implemented in PostgreSQL. Data from 

the case-study farm was cleaned and imported into the database.  The data were 

analyzed with an interactive interface that provided a search and filter mechanism 

for finding a data.  In conclusion, the results obtained demonstrate the benefits of 

using integrated and combined data, providing an ability to perform intuitive 

analyses for making data-driven decisions with better insights of the current 

available data. 

 

 

 

  

                                                      
1 https://www.un.org/development/desa/en/news/population/world-population-prospects-2017.html 
2 http://www.cema-agri.org/page/precision-farming-producing-more-less 
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1.Introduction 
 

In this first chapter, the project context, and a short overview of the domain, and the 

project goal are given. 

1.1    Project Context 
 

The “Data Integration Platform for Precision Agriculture” (DIPPA) project was 

conducted by Bulganchimeg Enkhtaivan, as a final design project of her Professional 

Doctorate in Engineering (PDEng) program. The PDEng degree program in Software 

Technology is provided by the Department of Mathematics and Computer Science of 

Eindhoven University of Technology in the context of the 4TU.School for 

Technological Design, Stan Ackerman’s Institute. The PDEng Software Technology 

program is a two-year, third-cycle (doctorate-level) engineering degree program 

designed to prepare the trainee for an industrial career as a technological designer, and 

later on as a software or system architect. The first 15 months of the program consist 

of advanced training and education, including three small, industry-driven training 

projects. During the last ten months, a major design project in a company takes place. 

 
The agricultural industry in the 21st century is facing several major challenges 

including rapid growth of the world population, decrease of available arable land per 

capita, soil degradation, climate change, and scarcity of water and energy.  A report 

conducted by the United Nations (UN) Department of Economic and Social Affairs 

projects a surge in population to 9.8 billion people in the world by 20503 – 30% higher 

than it is today. The projections show that feeding the world population in 2050 would 

require raising overall food production by some 70 percent between 2005 and 2050. 

 
Precision Agriculture is about managing variations in the field accurately to grow more 

food using fewer resources and to reduce production costs.4 It aims to help farmers to 

make more profit and reduce environmental risks and operating costs. This requires 

effectively managing input resources like fertilizer, water, and seed quality as well as 

minimizing the impact of unpredictable variables such as weather and pests. 

 

The development and implementation of Precision Agriculture and Farming has been 

made possible by combining the Global Positioning System (GPS) and Geographic 

Information Systems (GIS)5. Using these technologies, farmers and researchers are 

able to locate the precise positions in a field and create maps of measured variables in 

order to monitor plant health, disease, soil condition, environment, weather conditions 

and huge amounts of data have been collected and utilized. Integrating, managing and 

analyzing these heterogeneous data sets make it possible to develop predictive 

algorithms and underlying crop models for data driven decision making in farming.  

1.2    Project Scope and Goals 
 
The main contribution of this project is to explore the opportunities and challenges for 

utilizing data in Precision Agriculture through realizing and designing a Data 

Integration Platform for Precision Agriculture – DIPPA.  

 

The overall study covers: 

1. Data Modeling, which analyzes data structures of the domain 

2. Data Integration, which investigates the process of bringing diverse data to a 

centralized system  

3. Data Storage, which deals with the actual storage management  

                                                      
3 https://www.un.org/development/desa/en/news/population/world-population-prospects-2017.html 
4 http://www.cema-agri.org/page/precision-farming-producing-more-less 
5 https://www.gps.gov/applications/agriculture/ 



 

22 
 

4. Data Processing, which describes the processing steps of the system 

5. Data Visualization, which shows visualization of the processed results  

 

 

Figure 1 – Key goal of the project  

 

1.3    Outline 
 
The report investigates the functional and non-functional requirements, the 

architecture design and implementation of a data integration solution for Precision 

Agriculture. This paper will first address, in Chapter 2, the stakeholders that are 

directly involved in the project. Chapter 3 introduces the main concepts of Precision 

Agriculture, a farm case-Van den Borne Aardappelen, and its applications and 

innovation steps of Precision Agriculture.  In chapter 4, we will identify problems that 

the project is trying to solve. 

 

We will also investigate an overview of project alternatives and a feasibility analysis 

of the various project form in Chapter 5. We will then move to offering functional and 

non-functional system requirements to implement a data integration platform in 

Chapter 6. 

 

The system architecture is addressed in Chapter 7. Chapter 8 contains detailed system 

design that includes logical view, development view, physical view, and scenario view 

of the platform. Chapter 9 is devoted to the implementation of the prototype. Next, 

Chapter 10 discusses the verification and validation of the implemented prototype by 

using the requirements of chapter six. Project conclusions are listed in Chapter 11 

including a list of future work. The final chapters, Chapter 12 and 13, are devoted to 

project management and project retrospective respectively. 
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2.Stakeholder Analysis 
 

 

In this chapter, the goals, intentions, and interests of project stakeholders are described. 

2.1    Introduction 
 
A stakeholder is an individual, group, or organization who may affect, or be affected 

by the outcome of a project. The PDEng trainee worked in a cross-departmental team 

(Mathematics, Computer Science and Mechanical Engineering) at Eindhoven 

University of Technology (TU/e). The team aims to stimulate AgriFoodTech research 

in the context of the Wageningen University and Research (WUR) - TU/e cooperation.  

There are three main groups of stakeholders: stakeholders from Eindhoven University 

of Technology, stakeholders from the farm - Van den Borne Aardappelen, and other 

stakeholders. Both groups have their own stakeholders and subgroups of stakeholders 

with different levels of interests and goals for this project.  In Figure 2, an onion 

diagram of the stakeholders is shown. Here, the arrows indicate the direct connections 

between the stakeholders or interest on the project result. 

 

 

Figure 2 – An onion diagram of the stakeholders 
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2.2    TU/e team 
 

Based on their role in the project, the stakeholders from Eindhoven University of 

Technology are divided into two groups, AgriFoodTech project group and PDEng 

group. 

AgriFoodTech project group 

The project team works in the field of precision farming and related projects. Table 1 

explains roles and interests of each stakeholder.   

 

Table 1 – AgriFoodTech project stakeholders   

 

Name Role Interest 

Jakob de Vlieg 

Project manager   

● Monitor and control the progress 

and quality of the design and 

development process 

● Provide regular feedback on the 

status of the project 

● Provide sufficient domain 

knowledge and skills to support the 

trainee  

● Continuation of 

cooperation with 

the industrial 

companies and 

universities  

● Quality of project 

and process 

Allan van Hulst 

Postdoc  

(Researcher) 

● Develop statistical models and 

predictive algorithms 

● Develop user-friendly interfaces to 

access the digital platform with the 

PDEng trainee 

● Support the trainee with data 

analysis, machine learning 

knowledge  

● Clean and 

structured data 

● Easy access to 

data 

Maurice 

Heemels, Puck 

Mulders, Roy 

Cobbenhagen 

Department of 

Mechanical 

Engineering 

Potential future users of the platform. 

Their scientific topics and aims include:  

● Develop innovative approaches for 

the analysis of information from 

multiple sensors for diagnosis of 

crop status 

● Develop crop data models able to 

translate data sets into actions such 

as by robots, machines, farmer 

● Optimize control in terms of 

quantity, quality and minimize use 

of resources  

● Develop multi-agent systems to use 

a heterogeneous group of 

machines/robots to accomplish the 

optimal control of the farmland 

and/or system/process 

● Clean and 

structured data 

● Easy access to 

data 

PDEng group 

 
Certain standards need to be met in order to fulfill the necessary requirements for a 

PDEng project. The PDEng team is concerned with the problem analysis, design 

process, its implementation, and project management. Table 2 describes each 

stakeholder of the PDEng group in more details. 
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Table 2 – Stakeholders of the PDEng group   

 

Name Role Interest 

Bulganchimeg 

Enkhtaivan 

PDEng trainee 

● Run the project and manage risks 

of the project  

● Manage the required progress 

meetings, project meetings, and 

review meetings 

● Write a technical report for the 

project 

● Gain software 

design experience  

● Apply design and 

professional skills 

● Complete project 

on time 

George Fletcher 

TU/e supervisor 

● Monitor and control the quality 

and progress of the project and 

the resulting products 

● Support the trainee with 

(references to) relevant 

domain/disciplinary knowledge 

and relevant colleagues 

● Evaluate the results of the project  

● Assess that the 

project scope meets 

the level of a 

PDEng project 

● Quality of design, 

implementation, 

and final report 

meet the standards 

of a PDEng project 

Yanja Dajsuren 

PDEng program 

manager 

● Monitor and control the quality 

and progress of the project and 

the resulting product 

● Assess the results of the project  

● Quality of project 

and process 

● Continuation of 

cooperation with 

industrial 

companies 

 

2.3    The farm team – Van den Borne Aardappelen 
 
The farm team works together with the TU/e team to develop and apply new concepts 

in Precision Farming. The farm focuses and aims to make Precision Farming work in 

practice and part of modern farming. The data sources and domain knowledge are 

provided by the farm. Table 3 illustrates roles and interest of stakeholders from the 

farm. 

 

Table 3 – Stakeholders of the farm – Van den Borne Aardappelen   

 

Name Role Interest 

Jacob van den 

Borne 

Owner of the 

farm 

● Provide current data sources  

● Share domain knowledge, 

experience, challenges,  and 

vision on precision agriculture 

● Provide feedback the results of 

the project   

● Have a standard 

data structure on 

farm level  

● Save time and 

money for data  

preparation and 

analysis   

● Use the farm data 

without  the current 

data system 

dependency (Third 

party 

dependencies) 

Paul van Zoggel 

Manager of the 

farm 

● Manage sharing current data and 

related documents     

● Manage the farmer’s schedule  
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2.4    Other stakeholders 
 
The TU/e team is part of a consortium consisting of ZLTO6, an association of 15,000 

farmers and growers in Zeeland, Noord-Brabant, and south Gelderland, and 

Wageningen University. The main aim of the consortium is to boost the cooperation 

among academic and industry players including universities, agricultural 

organizations, and farmers.  Wageningen University is the only university in The 

Netherlands to focus specifically on the theme healthy food and living environment.7   

 

Table 4 – Other stakeholders   

 

Name Role Interest 

Wageningen 

University & 

Research 

(WUR) 

● Organize meetings, 

conferences, and 

events for the 

universities, 

agricultural 

organizations, and 

farmers. 

 

● Develop new approaches 

and techniques using modern 

technologies for precision 

farming available to every 

farmer, regardless of the 

farm’s size or the farmer’s 

experience  

● Help farmers to apply 

modern approaches and save 

money 

● Continuation of cooperation 

with TU/e and the farm-Van 

den Borne Aardappelen 

ZLTO and 

Others (HAS, 

TNO, HZPC) 

 

2.5    Stakeholder prioritization map 
 

Figure 3 illustrates the stakeholder prioritization map where all stakeholders are 

classified by their influence and interest. The stakeholder prioritization map is very 

important to identify key stakeholders at the beginning of the project. In addition, it is 

possible to identify stakeholders that have less influence on the project but have interest 

in the final solution and therefore can support the project.  

 

Figure 3 – The stakeholder prioritization map 

                                                      
6  https://www.zlto.nl/ 
7 https://www.wur.nl/nl.htm 

https://www.zlto.nl/
https://www.wur.nl/nl.htm
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The position that allocated a stakeholder on the grid shows the actions need to take 

with them: 

● High Influence, High Interest (Manage closely) 

These are the key stakeholders with a lot influence and a strong interest in the 

outcomes. Involving them in decisions and engage regularly is a strategy.  

● High Influence, Low Interest (Keep Satisfied) 

These stakeholders are highly influential but they don’t have a lot of interest, 

nor are they actively engaged in the project. Their objectives should be 

considered.   

● Low Influence, Low Interest (Monitor) 

These stakeholders are neither interested or have much influence.  Keeping 

them informed and encouraging their interest is important.  

● Low Influence, High Interest (Keep Inform) 

These stakeholders have a strong interest, but less power to influence it. 

Consulting with them can improve chances of success of the project.  
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3.Domain Analysis 
 

This chapter introduces a farm case - Van den Borne Aardappelen, the farm’s 

motivation, and innovation steps of growth cycle in Precision Agriculture. 

3.1    Van den Borne Aardappelen 
 
The company Van den Borne Aardappelen8 is located in Reusel, a village in the south 

of The Netherlands. The fields consist mainly of wet or dry sandy soils. The company 

grows around 555 hectares of potatoes for the French fries factory of Farm Frites. In 

2017, the company operated in 166 fields, average size of the fields was 3ha, average 

of 6 corners for each field. 

 

Because of large differences between production fields, Van den Borne Aardappelen 

started with Precision Agriculture in 2006 [1]. With help of Precision Agriculture, the 

right actions such as, irrigation, applying fertilizers and chemicals are carried out at the 

right place and at the right time.  Doing this, the company aims to optimize yield and 

to produce products with a high-quality level. If the applications only occur in places 

where and when they are needed, this leads to fewer emissions to the environment and 

an increased output per unit of input. 

3.2    Precision Agriculture innovation steps in Van den 

Borne Aardappelen 
CEMA9, a trade association which aims to raise awareness among European Union 

and national political decision makers about agricultural machinery, defines that 

Precision Agriculture is about managing variations in the field accurately to grow more 

food using fewer resources and reducing production costs.  According to the domain 

experts of the association, there are five main steps of the crop grown cycle in Precision 

Farming innovations, see Figure 4. 

 

 

Figure 4 – Innovation steps in Precision Agriculture 

                                                      
8 https://vandenborneaardappelen.com 
9 http://www.cema-agri.org/page/precision-farming-key-technologies-concepts 
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The following section explains how the farm applies the Precision Agriculture steps. 

 

1. Precision Soil preparation 

 

The need to assess and scan the soil is an important focus of Precision Farming 

practices. The company takes a soil measurement to assess all nutrients in the soil 

which is then used to define the management of inputs for the growing crop. During 

this process, the amount of N (nitrogen), P (phosphorus), K (potassium), and CaO 

(calcium oxide), and P2O5 (phosphorus pentoxide) in the soil are measured. This 

information is used to better calculate the quantity of fertilizer that the farmer needs to 

apply to obtain the optimum yields in a sustainable way. 

 

2. Precision Seeding  

This is an important step in crop growing. Van den Borne Aardappelen plants different 

genotypes such as Dakota Trailblazer, Ivory Russet, Miranda, Felsina, and Lady Anna. 

The planted date, size of the seed potatoes, and the amount of sulfate, applied during 

planting, are recorded. The farm also grows sugar beet in order to decrease nematode 

populations, which can have a very damaging effect on potatoes. 

 

3. Precision Crop management 

 

During their growth phase, plants need: 

● Fertilization - The amount of nutrients 

● Crop protection/spraying  - Protection from pests and diseases 

● Irrigation - The amounts of water 

● Sensing and Monitoring- Measurements of the actual performance of the farm 

processes 

 

Fertilization-Van den Borne Aardappelen uses different types of fertilizers, including 

compost, goat manure (geitenmest), chicken manure (kippenmest), cattle manure 

(rundveedrijfmest), and cow manure (koeienmest). 

The date on which the fertilizer and the minerals such as N, P, K, Mg, and SO3 in the 

fertilizer products were applied were recorded for each field.  The company has 

invested in fertilizer applications based on soil nutrient mapping and crop 

requirements. This helps to enhance nutrient management and improve placement and 

increase nutrient uptake efficiency, which represents a significant potential cost saving 

and a reduction in nutrients entering water systems.  There are several benefits of this 

technology; being able to measure plant biomass means that the company is able to 

apply inputs based on a specific need or requirement of that plant. 

Crop protection/spraying - The company is able to monitor crop health status and 

detect early stages of plant disease which allows the company to act early. At places 

in a field where a certain weed may be growing, they can apply the additional product 

just to that area without having to apply it over the whole field. 

Irrigation - The aim is to increase potato yields whilst reducing the volume of 

irrigation. The farm team has developed a water monitoring system which can be 

retrofitted to every water pump and measures quantity use per minute.  However, the 

Excel datasets, which are used in production management, contain only dates of the 

irrigations. 

Sensing and Monitoring - It can be done manually by a human observer or by an 

automated system using sensing technologies such as sensors or satellites.  For the past 

years, the company has used soil moisture sensors to monitor and manage irrigation 

quantities and timings.   

Throughout the growing season, the farmer takes several samplings. During these 

samplings, the plants are measured and weighed. In addition, some Dualex 

measurements are performed. The Dualex measurements contain information about 

the chlorophyll index in the potatoes. Furthermore, it measures the amount of pigment 

the plant has. Using these measurements, nitrogen status of the plant, important 

indication for the plant health, can be calculated.  
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4. Precision Harvesting  

For the farmer, harvesting is a critical point in time. Speed, accuracy, timing, and 

product quality determine whether the harvest is successful. In the farm, Van den 

Borne Aardappelen, the harvesting date is recorded for each field. The Excel dataset 

contains two different types of yield: the actual yield as measured by the harvester and 

the yield based on the weight on the truck on the scale. The yield is stored in the barns, 

which are nearby the farm, and product quality of each field is registered. 

 

5. Data analysis and evaluation 

Many farmers are starting to adopt digital technology and data-driven innovations. Van 

den Borne Aardappelen utilizes data technologies to assist with efficient field 

operations and applications. 

Within the enterprise of Van den Borne Aardappelen, two main data management 

environments are used for the production of potatoes:  

● Excel sheets for product management 

● Dacom Crop R 

The farm has been recording detailed information about each field and farming 

activities in the Excel sheets since 2002.  Every year, the farm team creates a new Excel 

file in order to record what operations are done during the growing season in which 

fields. The template of the new file is copied from the last version of the previous 

year’s template; it can be changed many times during the year. 

The templates have column-oriented representation. That means each row belongs to 

a field and measurements and action taken in the field are recorded vertically in the 

columns. Figure 5 summarizes the farmer’s functionalities in Excel files for product 

management. 

 

 

Figure 5 – The farmer’s functionalities in Excel files 
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In the Excel files, the farm team makes a list of the fields, which are identified by 

unique numbers and names for the year. The locations and sizes of the fields are 

registered as well. Depending on their farming experiences, they determine the target 

(assumption) amounts of the important measurements such as NO3, IBI, and leave 

weight (Loofmassa) on specific days since planting. All farming activities from 

planting to harvesting, measuring, and samplings are recorded in the Excel sheets. 

 

Since 2003, the farm has worked together with a company named Dacom to develop a 

phone application to record all crop information, including cultivations and inputs for 

every field, which is updated by their employees as they complete a task. They have 

been utilizing data from the Dacom Crop R system to help provide information to guide 

crop management decisions. Figure 6 summarizes functionalities for farmers 

accessible in the Dacom Crop R web application.  

 

Figure 6 – The Farmer’s functionalities in the Dacom Crop R web application 
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3.3    Stages of the data chain in Van den Borne 

Aardappelen 
 

In the following section, the current data chain of the farm, Van den Borne 

Aardappelen, is explained. The farmer has to be capable of performing the following 

tasks to handle and to benefit from these data: Data Collection, Processing of Data, 

Providing Data, and Using Data. Table 5 summarizes how the company handles the 

tasks in the data environment. 

 

Table 5 – Stages of the data chain in the farm   

 

Stages of the data 

chain 

Excel files Dacom Crop R 

Collection of data Manual filling, copying, and 

pasting in Excel  

Mobile Application 

(by employees) 

Providing data  Dropbox APIs 

Processing data Excel filters, sorting, 

mathematical calculations  

Data analysis, crop modeling 

with universities 

Dacom framework 

Using data Re-usability of data analyses Lack of visualizations 

and interactions of 

data 

 

The farm potentially has a wide range of data available. The field-specific data 

collected in different years provide a good basis to study and understand potato yields 

and yield gaps across different fields of Van den Borne Aardappelen. (Mulder). 

Data collection is performed by manual filling in Excel sheets in the farm’s computer, 

while mobile applications are used for the Dacom Crop R system.  Due to manual 

processes, the structure of the Excel files are easy to change when the new 

measurements are tested and performed in the fields. However, the templates and 

formats of the files are different from each other. Dacom Crop R system provides 

automated structured processes, a dashboard with rich visualizations, and an advisory 

system which helps the farmers make decisions. The system is developed by software 

developers and domain experts of the Dacom Company. 

 



 

 

4.Problem Analysis 
 

 

Now that the project environment and project stakeholders are known, it is time to 

focus on the actual problem. This chapter focuses on the problem that the project is 

trying to solve by analyzing and understanding the data from the farm, how the data 

are currently transmitted, processed, and used. 

4.1    Existing situation 
As explained in the previous chapter, the Excel sheets and Dacom Crop R are used for 

decision making on the farm. The farmer is able to monitor the fields on the maps and 

receive advice from the experts in Dacom Crop R applications, however, the Excel 

datasets are still the most important tools for making a decision for the fields.  

Combining Excel datasets from multiple years and organizing data from a wide range 

of sensors are the main challenges for data consumers (the farmer, domain experts, and 

data scientists) in making use of the data. 

 

Figure 7 – Data sources and data consumers in the current situation 

 

 

Once the data is collected, it is processed into a usable form, requiring data cleaning.  

One of the biggest challenges when working with the Excel data is dealing with errors. 

In most cases, errors were the result of human mistakes in data entry, like mistyping 

or multiple representations with different spacing. In order to improve data quality 

before the data enters the analysis stage, there must be data integration solutions to 

simplify the process of extracting, transforming, and loading. 

 

To share the datasets with other data consumers, such as data scientists and domain 

experts, the farmer uploads the excel sheets into Dropbox, a file storing and sharing 

system. The files in the Dropbox are categorized into the folders, which are named by 

the year the file is recorded. If a new measurement or sampling is performed in the 

fields, the farmer makes a change in the Excel file and uploads the data through the 

internet. 

 

The farm collaborates with universities such as Wageningen University and the 

Eindhoven University of Technology (TU/e) for intelligent processing and analytics. 

Several students have been working in various internship assignments for processing 

the farm’s data. For example, Puck Mulders is a Master student at the TU/e. The 

purpose of her internship was to explain which variables provide a difference in yield 

between the fields in practice. The work involves a process of cleaning, transforming, 

and analyzing the datasets. As mentioned during the meetings with the PDEng trainee, 

data cleaning and preparation was one of the biggest challenges to work with the data.  
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Table 6 describes the key issues of the stages of the data chain as described in the 

previous chapter that needs to be considered during the project. 

Table 6 – Key issues of the stages of the data chain in the farm  

 

Stages of the 

data chain 

Key issues Description 

Collection of 

data 

Data 

formats/structure 

Combining datasets from multiple 

years is challenging (no common 

format/standards for the datasets).  

Due to fast evolution and wide range 

of sensors, data format can be 

changed several times during the 

growing season. 

Providing data Ease of use 

Documentation of 

data 

Quick and safe 

access to data, costs 

Uploading data into Dropbox 

requires time and effort. 

There is lack of documentation of the 

data. 

Processing data Data reliability 

Data consistency 

Data quality  

Cost to prepare the 

data 

  

Cleaning, transforming, and 

analyzing the datasets are made by 

individual data consumers (data 

scientists, domain experts). If data is 

clean, it is easier to combine it with 

different datasets and gain deeper 

insights. 

Using data Re-usability of data 

analyses 

Lack of visualizations and 

interactions of data. 

 

4.2    Desired situation 
In order to solve the mentioned issues, a solution should be devised that abstracts the 

data sources to the data consumers. The focus of the solution should be on integrating 

data sources in a central storage, and the data consumers can work with API for 

accessing the data, see Figure 8. 

 

 

Figure 8 – Desired situation  
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5.Feasibility Analysis 
 

The previous chapters explained an analysis of the domain, problem, and stakeholders. 

This chapter describes project alternatives, the issues, and risks of the project. 

5.1    Project Alternatives 
 
During the PDEng project, two project directions were identified depending on the 

problem, domain, and stakeholder analysis. This section gives a high-level overview 

of the options and motivates the decisions for the data integration platform. Data 

related projects are usually structured around two general categories of data solution: 

traditional data processing and big data solutions.  Although both are technologies used 

to analyze data to help organizations in the decision-making process, there are 

differences between them. They differ in the way they work as much as in the type of 

data to be analyzed. 

 

Traditional data processing is designed for merging all business data into a central 

server.  This data is analyzed, after storing the information in a data warehouse or 

database. In traditional data processing systems, data is relational (structured) data with 

a pre-defined schema and a set of constraints to maintain referential integrity. 10 A big 

data architecture is designed to handle large or complex data systems. The data may 

be processed in batch or in real time.  

 

The traditional data processing is chosen as the solution direction because of its 

simplicity. In addition, the farm does not have a central data storage yet; data integrity 

is defined as one of the biggest challenges. Moreover, the big data architecture was not 

selected because the stakeholders were more interested in clean, integrated data of high 

quality, not a distributed compute framework to process large volumes of data. 

 

In the development of the traditional data processing environment, there are three main 

steps that need to be implemented. 

 Data Collection 

 Data Storage 

 Data Analytics and Visualization 

 

 

Figure 9 – Three main steps in data processing 

 

Integrating, storing, managing, and analyzing or visualizing data is considered a highly 

complex task. Also, other aspects such as privacy and access concerns have to be 

addressed. The complex nature of combination with a timeframe of ten months is 

considered infeasible.  Therefore, the PDEng trainee proposed two alternatives for the 

focus of the project after the architecture was designed and presented. The following 

section describes the project alternatives for implementing a prototype as a proof of a 

data model for Precision Agriculture, which is the core aim of the project. 

                                                      
10 https://docs.microsoft.com/en-us/azure/architecture/data-guide/ 
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Data Integration/Uploading tool and Data Storage 

The first possible project alternative idea focuses on a data integration/uploading 

application that is aimed to: 

 import Precision Farming data in various formats 

 apply basic cell transformations 

 deal with cells that contain multiple values 

 store data into the database 

 

The idea is to simplify the data integration process to feed the database. The tool must 

be easy to use for the users (the farmer). For users’ convenience, data templates can be 

provided. The templates should be based on the domain ontology and current data 

standards used for data exchange of farm management systems, data integration in 

relevant projects and best practices. The tool shall check the data against the templates 

in order to enforce referential integrity to improve data quality, which is one of the 

biggest challenges as described in the previous chapter. 

 Data Storage and Data Analysis / Visualization 

The second proposed idea is to build a data visualization dashboard. The main 

objectives of the dashboard are: 

 test and validate the data model and database structure which are designed 

and implemented within the scope of this project 

 explore possibilities and challenges of presenting/visualizing insights of 

current available data for making data-driven decisions 

 show results of data science experiments including machine learning 

algorithms  

In the dashboard, the farm’s data would be visualized and queried under the selections 

by a user such as the farmer, a domain expert, and a data scientist who want to explore 

the data in the data storage. The user would be able to see all key metrics of any field 

of the farm in a selected time period. The dashboard building environment and tools 

should be able to support data science and machine learning workloads.   

 

As a result of the discussions within the team, the development of data storage and data 

analysis/visualization is selected as the implementation focus of the PDEng project.  

The main conclusion of the discussion of the team was that the data analysis, 

visualization approach is more important for the farmer in order to show possibilities 

and presenting/visualizing insights of current available data for making data-driven 

decisions. 

 

In the next section, the issues and risks of the project are addressed.  

5.2    Challenges  
This section describes issues and challenges that are encountered during the lifetime 

of the project. To point out notable ones: 

 Find specialists with expertise in both domains 

 Understanding real reasons behind stakeholder requests and communicating 

with them efficiently 

 Data quality of the source data 

As described in Chapter 2, the project is conducted with the combination of several 

domains: Precision Agriculture, IT, and data science. This fact requires input from 

different groups of stakeholders such as Precision Agriculture, IT specialists, and data 

scientists.  Precision Farming is a new, broad, and interdisciplinary area with several 

stakeholders and complex technological, scientific and business challenges. Therefore, 

it is a challenge to hold specialists with expertise in both domains. A general 

understanding of the data generation process within the Precision Farming is required 

to propose a viable architecture for the data integration platform. Having sufficient 

domain knowledge is very important to analyze data correctly while data science, 

machine learning, and IT knowledge and experience are required to make use of the 

data. 
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The data quality and complexity of the current datasets are another important issue. 

The following table explains the common errors of the current data sources. 

 

Table 7 – Common errors of the current data sources   

 

Errors in 

data 

Description Examples 

No-named 

columns 

The datasets are stored in a column-based 

template. Each row belongs to a field 

while each column contains detailed 

information of the field, for example, an 

action, the date of the action, and a 

measured value during the action. 

Columns of the datasets are not named 

properly. The farm measures more than 

one value during an action; it requires 

proper understandings of the farming 

actions. 

In the dataset of the year 

2016, 32 columns are 

lacking names. 

Null or zero 

values 

Depending on the period of the growing 

season, the datasets are filled with values 

manually. Some samplings and actions 

are taken in, not all the fields. Due to this, 

a huge number of zero and null values are 

recorded. 

 

Multiple 

date formats 

Dates are written in inconsistent ways. 

Another challenge is that Excel guesses 

the format when a dataset is opened, 

which can hide how dates are actually 

written in the files.  Another most 

common error is the mixed use of formats 

in numbers and Dutch.  Mixed date 

formats are sometimes simple to spot: 08-

05-16 vs 8/5/2016 and sometimes less 

obvious: 8/9/2016 vs 9/8/16. 

Some examples are: 

 28/mei 

 26/okt 

 8/mrt 

 22-07-16 

 8/7/2016 

 27-01-00 

Multiple 

representatio

ns 

  

In the datasets, this kind of errors happen 

mostly because of differences in 

capitalization and spacing. 

Fertilizer products: 

zeugen mest, 

zeugenmest 

Some data is measured in ranges. In order 

for a machine to understand these ranges, 

it is important to separate the high and the 

low values. 

Size of seedlings is 

presented in different 

formats:  50/60, 50 60, 

50-60 

Duplicated 

records 

  

A duplicate record is where the same 

piece of data has been entered more than 

once. This occurs because data is copied 

on purpose, for instance, to make 

comparisons on the outcomes of the 

previous/current year or weeks. 

In 2016, the farm took 

samplings from the 

fields   seven times. For 

each sampling, mostly 

same variables are 

measured. In the Excel 

files, the variables are 

named same that makes 

duplications when the 

dataset is extracted. 

For example, one 

column is repeated 60 

times in the dataset. 

Redundant 

data 

Redundant data occurs in the rows that 

represent total amounts, divisions, or 

subtractions.  

The datasets have more 

than 600 columns. 

There are some columns 

that are only used once 
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for a specific case, and 

saved without any 

comments.  

 

5.3    Risks 
During the project, several risks are identified. The following table describes the risks 

identified together with their corresponding mitigation strategy. 

 

Table 8 – Risks and mitigation strategies 

 

Risk Description Mitigation Strategy 

Ambitious 

project scope 

Deliverable of the 

project would not 

meet all list of 

initially formulated 

requirements 

  

  

 Prioritize the tasks, drop low 

priority tasks 

 The some priority can be 

accomplished as a future work 

Provide detailed documentation 

for accomplished work, leave 

recommendations for future work 

 The project plan should be 

feasible and include some buffer 

Expectation 

management 

issues 

Expectations from the 

stakeholders and 

understanding of the 

PDEng trainee might 

differ 

 Send meeting minutes after every 

meeting 

 Use simple visual way of 

representing a task. Remember 

UML diagrams are not 

understandable for every 

stakeholder  

Lack of 

documentation 

on the current 

data sources 

Becoming familiar 

with the current data 

sources is time 

consuming. This can 

affect the fulfillment 

of the project scope 

 Look at standard ontologies of the 

domain, best practices of related 

projects  

 Have frequent meetings with 

domain experts 

Lack of domain 

knowledge 

Having sufficient 

domain knowledge is 

very important to 

analyze data correctly 

 Arrange meetings with the 

domain experts 

 Check with the domain experts if 

the output (for a given input) is 

correct 

 Read documents of related 

projects 



 

 

6.System Requirements 
 

 

After analyzing the problem and the domain, a set of requirements is extracted and 

defined. This chapter describes the user, the functional, and the non-functional 

requirements that are negotiated agreements by the project team. Each requirement has 

a priority assigned to it, which indicates the importance of that requirement. The 

following three categories are defined based on MoSCow approach [2], a prioritization 

technique used in management. 

 MUST HAVE - absolute requirement of the specification 

 SHOULD HAVE- important requirement, but not necessary for the delivery 

of the project 

 OPTIONAL HAVE - optional requirement  

6.1    User requirements 
User requirements describe the functionality of the system from the perspective of the 

users. These requirements indicate what the system must do to enable users to achieve 

their goals. Table 9 lists the user requirements that describe the requirements of the 

platform from the user perspective. Each of them has a short description and an 

assigned priority.  

 

Table 9 – User requirements  

 

ID Description Priority Responsible 

person 

UR1 The platform should be able to combine 

cross-type data management solutions 

and advanced data analysis tools (to allow 

the integration of data of in-house and 

open-source) 

 MUST PDEng 

trainee 

UR2 Data from different sources must be 

stored in an understandable and an 

useable way 

MUST PDEng 

trainee 

UR3 The platform should offer user-friendly 

interfaces to access the data 

MUST PDEng 

trainee, 

The PostDoc 

UR4 The platform should provide a strong 

basis for the development of advanced 

statistical analysis methods and predictive 

algorithms 

 MUST  PDEng 

trainee 

UR5 The platform should allow the building in 

of intelligent software solutions for 

anonymization, authorization, and 

authentication protocols  

OPTIO

NAL 

PDEng 

trainee 

6.2    Functional requirements 
Table 10 lists the functional requirements that describe the behavior of the platform. 

Each of them has a short description and an assigned priority. 
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Table 10 – Functional requirements     

 

ID Description Priority User 

requireme

nt 

Responsible 

person 

FR1 User should be able to store 

data from various sources 

in some specific static 

structures and categories 

that dictate the kind of 

analysis that is possible on 

that data. The 

structures/categories must 

follow the domain 

ontology. 

MUST UR1 PDEng 

Trainee 

Excel/CSV sources MUST   

JSON/ XML SHOU

LD 

  

FR2 The platform shall provide 

a search mechanism for 

finding data via an 

interface. 

MUST  UR3 PDEng 

Trainee, 

The 

PostDoc 

FR3 User shall be able to access 

data and retrieve it from 

external data sources.  

MUST  UR4 PDEng 

Trainee 

/The 

PostDoc 

FR4 Data users should be 

registered. Only registered 

users in the system are able 

to receive data from the 

database.  

OPTIO

NAL 

UR03 PDEng 

Trainee 

FR5 The platform shall support 

data transformation / 

cleansing. This means the 

platform shall be able to 

provide functionalities to 

convert different formats of 

data into one (for example, 

the variable date that has 

different format in each of 

the input files: dd-mm-

YYYY and mm/dd/YYYY) 

OPTIO

NAL 

UR2 PDEng 

trainee 

6.3    Non-Functional requirements 
Non-technical requirements are the requirements that relate to the non-technical 

aspects that the platform and the database must fulfill. Once the functional and the 

quality requirements are satisfied, then the platform and the database should be 

checked upon the non-technical requirements listed in Table 11. 

 

Table 11 – Non-functional requirements     

 

ID Requirem

ent 

Description Priority Responsible 

person 

NFR1 Extensible/ 

flexible 

data model 

for sensor 

data 

The platform needs to be 

extendable for different 

data types, collected by a 

wide range of sensors. 

MUST UR4 
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NFR2 Business 

Criticality 

Only open-source tools 

should be used for 

implementations of the 

platform. 

MUST UR3 

NFR3 Access 

Requireme

nts 

The platform shall enable 

smooth data exchange. 

MUST UR3 

NFR4 Security 

privacy and 

trust 

The platform shall manage 

all the connections. These 

connections can be with 

external systems or users 

with role-based access. 

SHOUL

D 

UR5 

 

6.4    Design criteria 
After the requirements were identified, three design criteria were chosen. These criteria 

helps in evaluating technology and design choices, also the implementation phase.   

 Realization: The main goal of this project is to provide insights and an 

understanding of the problems faced during collecting, storing, and analyzing 

data in Precision Agriculture. This matches a core feature of exploratory 

projects that are designed to provide preparatory work for research and 

development projects. This project aims to prove whether the components of 

the architecture for data integration of Precision Agriculture are feasible. 

 Extensibility: This project aims at exploring an extensible platform that 

enables the developers to easily add new functionalities and modalities. The 

functionality aspect of the platform is assessed through its functional and 

quality requirements. 

 Re-usability: The reusability of the platform is evaluated through the 

reusability of its components.  
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7.System Architecture 
 

 

The architecture describes the major system components and their relationships with 

the principles guiding the system design. This chapter explains a reference architecture 

design for data warehouse solutions, design, and technology choices for the data 

integration platform that can be used for the storage and management of Precision 

Agriculture data. 

7.1    Reference architecture design for data warehouse 

solutions 
In Chapter 5, it is explained that the traditional data processing, which is commonly 

called the data warehouse approach, is selected for designing the platform. This 

technique helps in data collection from various sources, combining them to a common 

storage to perform intuitive analyses. The advanced analyses on top of the data can 

lead in making data-driven decisions with better insights of currently available data.  

A reference architecture of this approach and its components are explained below.  

 

 

Figure 10 – A reference architecture design for data warehouse solutions 

 

 

This reference architecture implements an ETL (Extract-Transform-Load) process. 

The architecture consists of the following components. 

 Data Source: A data source is digitized data which can be a database, a file, 

or a data stream. 

 Data Integration: Data integration tools extract data from multiple sources 

and merge them into a single storage. Extract, transform, and load (ETL) is a 

common technology that supports data integration. ETL extracts data from 

different sources and transfers them to another database or data warehouse. 

The process cleans, filters, and transforms data, and then applies business 

rules before data is stored in the target system. 

 Data Storage: There are hundreds of implementations to choose from among 

SQL (relational databases) and NoSQL databases. Relational databases 

support various types of constraints that help to ensure data integrity, while 

NoSQL databases are increasingly used in big data and real-time web 

applications. 

 Analysis: The analysis component is responsible for reading data from the 

data warehouse to process the data.  It supports data preparation and modeling 

for data science and machine learning workloads. 

 Data Analytics and Visualization: Organizations use different tools that can 

be used for visualizing the results or conclusions of data science and machine 

learning workloads, reports, and dashboards. 
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7.2    Technology choices 

 
The selection of technologies is a key step in the overall development process. The 

selected technologies should be able to lead to solutions of identified problems. This 

section describes technology choices that occurred during the design phase of the 

solution and implementation of a prototype. The main criteria for the technology 

choice are based on the functional requirements, the non-functional requirements, and 

the design criteria, which are described in Chapter 6. 

Data Integration tool 

Data integration is the process of merging data from multiple sources and answering 

queries using the combined data.  From the technical point of view, there exist several 

ways to handle data integration.  For example, hand coding, developing an in-house 

tool for the purpose of using it within an organization, or using ETL vendor tools. 

 Hand Coding – Writing SQL queries is still the most common way of 

integrating data. The approach is an easy, fast, and cheap solution to 

implement. However, experts cite potential problems with repeatability, 

audibility and human errors due to little management and documentation. The 

result can be unexpected issues, delays in running jobs, and extra expense.  

 In-house tool - In Chapter 4, a proposal is introduced for a data uploading 

tool for the farm as a project alternative solution. Customization is the biggest 

benefit of a custom tool. By meeting exact specifications, most aspects of the 

system can be covered without unnecessary extras. But, maintenance and 

improvement of the system can be costly in the future.  

 ETL vendor tool - These tools save time and money when developing a data 

warehouse by removing the need for hand-coding. They have the benefits of 

being tested and used by other businesses. Visibility and transparency of data 

workflows are powerful. However, using the tools requires additional time, 

training and money. There are many commercial and open-source ETL 

software solutions available in the market.  

 

The most popular open source ETL tools was chosen, installed, and evaluated.  The 

first step was to identify the criteria by which potential tools could be evaluated. The 

second step was to choose the most popular open source ETL tools that are available 

under licenses which are free. Finally, in the third step, the tool was chosen.  

 

The following criteria are important for ETL tools:  

 Connectivity: The ability to connect to and extract data from a variety of 

sources is the key criterion.  Connecting an ETL tool into existing systems 

(database and operating systems) should not require much effort.  

 Functionality: Besides the basic ETL functionality, data mapping and 

workflow orchestration capabilities should be considered. 

 Graphical editor: For ease of use, it should be possible to model ETL 

processes in a graphical interface.  

 Support:  Vendor support or active community forums should exist. 

 Performance: Memory consumption and execution of time are important 

criteria for ETL tools.  

For each criterion, the software was scored on the scale of 1 to 3, with 1 as the lowest 

and 3 as the highest score. Please note that the comparison remains as a subjective 

analysis, since it is based on the PDEng trainee’s personal user experience, and it is 

difficult to quantify most of the criteria. 

 

Below is the comparison of the most popular open source ETL vendors including 

Pentaho Kettle, Talend Open Studio, and CloverETL.  
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Table 12 – Evaluation of open source ETL tools  

 

Features  Pentaho Kettle Talend Open Studio CloverETL 

Connectivity  3 3 3 

Functionality  3 3 2 

Graphical editor 2 2 3 

Support  2 2 2 

Performance  2 2 3 

Score  12 12 13 

 

As seen in Table 12, there is no big difference between the tools. Some small 

differences occur in Functionality, Graphical editor, and Performance.  Pentaho Kettle 

and Talend offer more components, so they provide more functionality. These tools 

have a big community of users and developers. User interfaces are friendly because 

many actions can be done by drag-and-drop. However, Pentaho Kettle and Talend 

consume more memory due to the complex and larger palette of components. 

CloverETL has an advantage because CloverETL is easy to use because it has fewer 

components. CloverETL was chosen as the data integration tool in the platform. 

Data storage   

Selecting the right data store is a key design decision. One of the biggest decisions is 

selecting a relational (SQL) or non-relational (NoSQL) data structure. The main 

difference is that NoSQL supports column-oriented databases whereas SQL is a row-

oriented database.  NoSQL works well on unstructured and unrelated data while the 

SQL databases are schema oriented.  Due to these reasons, data integrity is a key 

feature of SQL based databases.  Besides that, it is also a mature technology, which is 

well studied and has a big community of developers. Due to these advantages and 

motivations, a SQL based database is selected for the data storage.  In this report, two 

of the most popular open-source relational database management systems are 

introduced.11 

 MySQL: The most popular and commonly used RDBMS. 

 PostgreSQL: The most advanced open-source RDBMS. 

There’s a lot of overlap between PostgreSQL and MySQL. However, PostgreSQL is 

usually used for complex and high-volume data operations. Whereas, MySQL has a 

strong standing among web developers because of its high speed and ease of use.   

 

A comparison of their fundamental differences in terms of features and functionality 

is shown in Table 13 as described by O.S. Tezer.12 

 

Table 13 – Features and functionality of PostgreSQL and MySQL 

 

Name  Advantage  Disadvantage When to use 

PostgreSQL Strong third-party 

support 

Extensible 

Objective 

Lower 

performance 

Lower popularity 

Difficult to install 

Data integrity 

Complex custom 

procedures 

Integration 

Complex designs 

MySQL Easy to work with 

Feature rich 

Secure 

Scalable and 

powerful 

Known limitations 

Reliability issues 

Stagnated 

development 

Distributed 

operations 

High Security 

Web-sites and 

Web-applications 

                                                      
11https://db-engines.com/en/ranking_osvsc 
12https://www.digitalocean.com/community/tutorials/sqlite-vs-mysql-vs-postgresql-a-comparison-of-

relational-database-management-systems 
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Performant Custom solutions 

 

Geospatial data handling is very important in Precision Agriculture.  Geospatial data 

is all the geographic data points that a database keeps and can provide for analysis13. 

Table 14 shows the comparison on Geospatial data support in PostgreSQL and 

MySQL.  

 

Table 14 – Geospatial data support in PostgreSQL and MySQL  

  

PostgreSQL MySQL 

PostgreSQL supports Geospatial data via the PostGIS 

extension. There are dedicated types and functions for 

geospatial data, available directly at database level, 

making analysis and coding easier for developers. 

Geospatial data support 

is built in. 

 

PostgreSQL is known as extensible because it allows users to modify system tables, 

which stores not only information about tables and columns, but also information about 

data types, functions, access methods, and so on. The extensibility aspect and 

geospatial data handling features were the main factors to choose PostgreSQL for the 

implementation of the data storage.   

Advanced analytics solutions  

As mentioned in the System Requirement chapter, one of the aims of the platform is 

to provide a basis for the development of advanced statistical analysis methods and 

predictive algorithm. Advanced analytics solutions usually involve Interactive data 

exploration and visualization, machine learning model training. To support data 

analysis, data preparation and modeling tools must be selected. The two most popular 

programming tools for data analytics are Python and R14. R is designed for statistical 

computing on individual servers. Python is generally used when data analysis tasks 

need to be integrated with a web application or if the task needs to be incorporated into 

a production database. This matches our interest to visualize, and explore the farming 

data which is stored in a data storage. Therefore, Python is selected as an 

implementation tool. 

7.3    Architecture design for a prototype  
Within the project scope, a prototype is designed and implemented as a proof of 

concept. The aim of the prototype is to implement a scenario that involves collecting, 

storing, and processing the farming data originating from different sources. In Figure 

11, the main components of the prototype are shown. The data has to be transferred 

between ETL, storing, and analyzing steps. For the interoperation of the components, 

standardized interfaces are necessary.  Java Database Connectivity (JDBC) is an 

application programming interface (API) that is used in the connection between the 

ETL tool and the database. REST APIs are designed for transferring data from the 

storage to the tools of the data science and analysis.   

  

                                                      
13  https://www.2ndquadrant.com/en/postgresql/postgresql-vs-mysql/ 
14 https://www.kdnuggets.com/2017/06/ecosystem-data-science-machine-learning-software.html 
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Figure 11 – The main components of the prototype 

 
In managing the data, the largest concern is how to associate, map, and transform data 

between different systems or components [3]. Additionally, the structure of the data in 

the data storage is very important in data warehouse solutions.  

 

Depending on domain analysis, three main categories of the data in Precision 

Agriculture were distinguished: 

 Farm operational data – Registration of operational data is mandatory by 

law.  Every farmer has to collect data including mineral balances of his or her 

fields, quarantine and crop protection actions taken in the fields.  Moreover, 

indicating the exact location of a field is mandatory in the Netherlands. The 

coordinates of each field are stored in the database Base Registration of 

Parcels at the Ministry of Agriculture. Without this information, a farmer 

would have no license to produce. 

 Farm management data – Future reference by domain experts. For example, 

consumption of fuel for one type of crop differs from other types of 

cultivation. Therefore this information can be used to estimate precise fuel 

plan. 

 Sensor data – Due to rapid adaptation of sensors, adding new data types 

collected by sensor systems should not cause code complication or any 

change in the existing code. 

 

In the next chapters, the components, the data categories, and implementations in detail 

are explained. 
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8. System Design 
 

The previous chapter elaborated on the high-level architecture of the DIPPA. This 

chapter describes the design of each element of the architecture in more detail.  

8.1    Context  
 
UML (Unified Modeling Language) is used to create graphical models during the 

design process. The design process used the 4+1 views by Kruchten [4] that describe 

the architecture of software systems. Kruchten uses the following five views: 

 Logical view – defines the functionality of a system by focusing on the 

structural elements of the design 

 Development view – defines the components that are needed to realize the 

system 

 Process view – defines the non-functional aspects of the system 

 Physical view – defines the mapping of software components onto real 

hardware 

 Scenarios view – instances of more general use-cases – is used to verify that 

the proposed design meets the most important system requirements. 

 

In this chapter, Logical, Development, Scenario, and Physical views are discussed.  

8.2    Logical View 

The first design step towards a solid architectural design is to understand the problem 

domain. The domain is analyzed by means of a UML class diagram that shows 

important concepts within the domain of the problem. Figure 7.1 shows a domain class 

diagram that introduces the most important concepts in Precision Agriculture and the 

relations between them. Mainly information from the domain analysis (Chapter 4) is 

used in this model.  Each field is identified by its name and location.  Farm activities 

include operations of planting, treating, and harvesting in the fields. Monitoring is an 

essential step in making decisions during the growing season. These needs can be 

described by the schema in Figure 12.  
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Figure 12 – Important concepts within the Precision Agriculture 

Farmers use different tools to manage monitoring operations in the fields, such as 

sampling, soil scanning, and UAV (Unmanned Aerial Vehicle, commonly known as a 

drone) sensing, and weather data. 

 

Figure 13 – DIPPA monitoring types in Precision Agriculture 

8.3     Development view 
The development view illustrates a system from a developer’s perspective. It uses the 

UML Component diagram to describe system components.  The main components and 

its interfaces are described in Figure 14.  
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Figure 14 – Component diagram of DIPPA 

  

The data integration platform prototype consists of four main components: 

1. Ready-to-use ETL tool, which is designed and implemented by a company 

and community 

2. A central database management system for a storage  

3. Django applications for data users (such as data scientists) to download data 

in the database 

4. A dashboard application to allow users to access and interact with the data. 

Data modeling and machine learning components in Python serve as the back-

end of the dashboard 

Structure of the data in the data storage 

As explained in Chapter 7, three categories for the data of Precision Agriculture were 

defined, see Figure 15. The concepts and objectives of the categories are realized by 

the means of different characteristics of the data collected in the farm - Van den Borne 

Aardappelen.  In addition, FOODIE data model was used as a reference model, please 

see Appendix A. 
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Figure 15 – DIPPA data categories for Precision Agriculture 

 
In the following section, the UML class diagrams, which depict the data model of each 

category, are presented.  

 
1. Farm operational data - Must registration by law  

The following information is supported to be stored in the category Farm 

operational, see Figure 16. 

 On the Farm level 

o General information (name of the farm, employees) 

 On the Parcel/Field level 

o General information (planting year, name, location, parcel size) 

o Nutrients of soil, including measured organic matters, sampled 

date 

o Operations taken in the year 

o Planting data such as date, planting distance, size of seedlings 

and so on. 

o Harvesting data including date, yield amount 

o Treatment data 

o Types of treatment including irrigation, fertilizing, spraying and 

haulm killing 

o Treatment products, product type, nutrients 

o Application of treatment, for example, date of application, 

amount of used fertilizers, the description of the application 
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Figure 16 – UML class diagram that depicts Farm operational data 

 
2. Sensor data - Flexible data structure for rapid adaptation of sensors  

The use of sensor technologies is a standard practice in the domain of 

Precision Farming. The aim of this category is to store data from a variety of 

sensor systems.  A UML class diagram that represents sensor data is shown 

in Figure 17. 

 

 

Figure 17 – UML class diagram that depicts Sensor data modeling 
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3. Farm management data – Management data for the increase in economic 

benefits and a reduction of environmental impact, but not mandatory. 
 

Figure 18 – UML class diagram that represents Farm management data 

 

Django REST API design 

As a design decision, Django was selected as a tool for designing and implementing 

REST APIs because when considering only Python-based frameworks, it was in the 

top position. Django REST framework is an open source framework for REST 

APIs.15  To create the structure for the API, a project structure must be designed 

according to its MTV pattern (Model, Template, and View).  A basic project structure 

is presented in Figure 19.  

 

Figure 19 – Basic Django application project setup for a REST API 

 
 

                                                      
15 http://www.django-rest-framework.org 
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The basic Django application project setup for a REST API includes:  

 

Table 15 – Django application project setup  

 

File Description 

Models Models are the definitions of source data handled by the 

application. 

URL It makes browsing and describing the API easier. 

ViewSet 

 

Views represent the business logic of the application. They 

handle requests and return a response. ViewSets can be used to 

group together related views in a single class. 

APIViews Similar to regular View, but the incoming request is dispatched 

to a handler method such as get, post. 

Serializers Serializers convert Django query sets and model instances, often 

passed from View classes, to be converted to native Python data 

types and then rendered into JSON, XML. 

 Router Routers are used to automatically map views to URLs.  

Admin, User 

Authentication 

The third-party django-rest-auth library provides a set of pre-

configured API endpoints for login, log out, and registration. This 

library is used in the prototype.  

 

An API is a simple way to provide the information that is stored in a database using a 

common format, such as XML or JSON. Using it, an external application can interact 

with the data, without having to connect directly into the database.  The authentication 

service is provided by django-rest-auth library. This library complies with the OAuth2 

and supports session-based authentication.  

Dashboard  

As mentioned in the Feasibility analysis chapter, implementing a dashboard was 

selected as the main focus of the project. The dashboard is designed to allow users to 

find and explore insights from the database. With visualizations, such as charts, graphs, 

and maps, the dashboard can be used to monitor the data from the given farm.  

The Dashboard consists of the following main tabs: 

 

Table 16 – The main tabs of the dashboard  

 

Tab Description 

KPIs Main filters, selections that serve for all tabs.  

Some potential KPIs such as the number of fields, the total yield, 

and the average yield amount per ha are calculated and shown. 

Field details Detailed information of the fields can be found.  

Farm 

Operations  

All the actions (planting, harvesting, and so on), which are taken in 

the fields during a growing season, are shown in tabular views.  

Monitoring Measurements that are important for monitoring are shown.  

Data analysis  Interactive report results of data science experiments are presented. 

 

The detailed tab structure of the dashboard is shown in Figure 20. 
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8.4    Scenario view  
UML use case diagrams provide a good way of getting an overall picture of what is 

happening in the system. Below use case diagram is described which represent 

sequences of actions carried out by users of that interact with the platform. Figure 22 

summarizes high-level functionalities of the platform. 

 

 

Figure 20 – Dashboard tab designing 
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Figure 21 – The high-level functionalities of the current implementation 

 

Users listed below can interact with the platform prototype. The dashboard allows the 

farmer to monitor input data and explore the relationships between them. The data 

scientist domain experts can also use the dashboard in order to understand the farming 

data, but their main request is to use cleaned and structured data for scientific purposes. 

System admin can manage users. 

 Data collector: A farmer or farm employee that is responsible to keep the 

database updated.  

 Farmer: A data owner that views the information about the farm, its activities 

(field, planting, spraying, fertilization, and so on) operated in a field in time. 

 Data users: Data scientist and domain experts who want to build advanced 

data analysis with scientific purposes   

 System admin: A technical person who is responsible for the maintenance of 

the platform and the management of users.  

 

8.5    Physical view 

This section addresses the deployment of the current design and implementation of 

the prototype. Figure 21 shows the deployment diagram of the current prototype. 
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Figure 22 – The deployment diagram of the current implementation 

An ETL tool is installed at a data collector’s (it can be a developer, farmer or farm 

employee) computer. Different ETL tools can be chosen by data collectors, but the tool 

must be able to transform the data in the right format before being put in the database. 

This tool can be used to design and execute data integrating tasks. The tasks extract 

the data from the Excel or SCV sources, clean and transform them into a predefined 

format, then load into the database server. The database and web server are deployed 

in the same server and the dashboard application can be installed in a different server 

or computer.  The data required to be processed can flow through the Django 

application from the storage.    

Separating components into different parts makes the components independent. 

Therefore, the data integration, the storage, data sharing, and the application of the 

platform are extracted.  This makes it possible to develop a new component without 

being concerned about where and which adjustments need to be implemented. This 

also increases maintainability.  
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9.Implementation  
 
This chapter addresses a prototype's implementation as a proof of concept that 

validates the functional requirements and the platform’s design and architecture. 

9.1    Data storage implementation (FR1: Storing data 

from various sources) 
The scope of this project includes the parts of data modeling and storage as they were 

described in the previous chapters.  

In the context of the implementation of the data storage, the focus is to test the data 

models that are designed in the system design phase. In addition, making data available 

in a central storage is essential for the next step such as building a dashboard or 

applying data analysis. As discussed in Section 5.2, the first technological choice was 

made for data storage component by selecting PostgreSQL as database management 

system. Figure 23 shows the tables created for the Farm Operational Data category in 

PgAdmin3LTS by BigSQL, a tool that allows users to interact with a PostgreSQL 

database. 

 

 

Figure 23 – PostgreSQL object explorer in PgAdmin3LTS by BigSQL 

 
After implementing the database structure, the data in the years 2015, 2016, and 2017 

from the farm were cleaned and imported into the database. Figure 24 shows an activity 

diagram for ETL steps that are used during the implementation phase.  
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Figure 24 – Activity diagram for ETL steps 

 

In Figure 25, an example of an ETL implementation is provided. In the given example, 

the ETL process is designed for importing the field data from a CSV source into the 

database. FlatFileReader reads data from the CVS file where the DBOutputTable 

represents the target PostGIS/PostgreSQL database. Re-format component processes 

input data in a user-defined way. This component transforms the geolocation data of 

the fields into geography data type in the target database. Two edges are defined 

between the components and metadata is specified for each edge. In the year 2015, the 

farm operated in 160 fields. When running the process, 160-row data is imported into 

the database.  

 

 

Figure 25 – An example ETL implementation 
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9.2    Dashboard implementation (FR2: Search 

mechanism for finding data via an interface) 
 
As discussed in Section 5.2, the Python programming language was the technological 

choice made for the dashboard.  The dashboard, which has been developed using 

Bokeh16, is an interactive data visualization library for Python that targets modern web 

browsers for presentation. The library lets Python developers connect all the powerful 

Python libraries for versatile, data-driven graphics; and connect the full power of the 

entire Python data-science stack to rich, interactive visualizations. 

 

The dashboard provides a way: 

 To see the key metrics of the farm in a form of a web where the farmer could 

monitor the farm fields within a specified time period. 

 To allow filters for the data, charts, and tables to be shown in order to help 

users to better understand the fields 

 To plot the fields interactively on top of Google Maps (mapping of spatial 

data) 

 To show the results of data analyses that includes time-series, or supervised 

/unsupervised machine learning algorithms 

 

The dashboard screen features a menu enabling the user to navigate among the 

different options, which are 

 KPIs 

 Field details 

 Farm Operations  

 Monitoring 

 Data analysis  

KPIs tab  

In Figure 26, main filters and selections in the dashboard and potential KPIs are shown 

as an example. From the figure, it can be seen that in the year 2016 the farm operated 

in 166 fields and grew 561 ha of potatoes. The total yield of the year was 19,096,568 

ton while total yield based weight was 20,607,313 ton, the average yield per ha was 

36,725 ton.  

 

 

                                                      
16 https://bokeh.pydata.org 
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Figure 26 – Main filters and selections in the KPI tab 

Field details and Farm Operation tabs 

The tabs are dedicated for providing abilities to see detailed information of fields and 

farming actions taken during the growing season. This information can lead to a better 

understanding of the processes and field characteristics, which are important for the 

decision making process in farming. 

Both tabs consist of subtabs, which include tabular views of data.  

Field details tab has two subtabs:  

 Field details - Detailed information of fields such as size, location, and the 

name can be found.  

 Field zones - The zones of the fields allow the user to see some insights into 

the difference between yield/measurement amounts with a different grouping 

of the fields.   

 

Figure 27 – Field details tab 

 
Farm Operation tabs: All the actions (planting, harvesting, and so on), which are 

taken in the fields during the season, are shown in tabular views. 

 

Figure 28 – Farm Operations tab 

 

Monitoring tab 

Use of GPS is very important to achieve Precision Farming. It enables farm planning, 

field mapping, soil sampling, crop monitoring, and yield mapping. In order to test and 

validate spatial data and relationships with other data of the farm, some visualizations 

are implemented. To plot coordinates from the x-axis and y-axis to assign a specific 

field within a map, Bokeh gmap() function and Google Maps API are used. Once 

spatial data has been mapped, comparisons of the results that are presented with the 

fields are essential.  In Figure 29, a comparison of yield amounts for the top 30 fields 

of the years 2016 and 2017 is presented. From the given visualization, the user is able 

to see the top 30 fields that had good performance in 2016 and 2017, and the 

distributions of the fields. The maps are interactive, therefore the user is able to see the 

detailed information of each field including name, location, yield amount, and field 

size by clicking a point in the maps.  
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Figure 29 – Yield amount comparison 2016 vs 2017 

 
Figure 30 shows an example visualization of sensor data implementation. The example 

demonstrates a sampling, which was taken on July 27, 2016, in a field named Achter 

afrit 26. Such visualizations can help the farmer see the results of the sensing and the 

monitoring activities, analyze the current situation of the field and take optimal actions. 

Measurements in a location of the field are presented in Figure 29. 

 

 

Figure 30 – Measurements in the field Achter afrit 26 on July 27, 2016 

Data analysis tab  

This tab includes some implementations of machine learning experiments. Creating 

and deploying a machine learning model is a challenging task because it is heavily 

influenced by pre-existing knowledge in the domain, the data transformation or 

modeling process, and the visual representation. The activities of working with a 

machine learning model are shown in Figure 31. 
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Figure 31 – Activities of creating and deploying a machine learning model 

 

Data analysis tab includes followings implementations: 

 

 Table 17 – Data analysis tab 

 

Goal Analysis Result  

To see relationships 

between soil scanning 

data and yield amount 

in different fields. 

Feature 

importance 

analysis 

The analysis shows that B (Boron) is 

the most important nutrient in the soil 

scanning data for harvested yield 

amounts. 

To understand and 

visualize characteristics 

of the plant including 

haulm weight, root 

weight, and tuber 

weight of potatoes  

Time-series 

analyses 

The charts show that tuber weight 

constantly increased during the 

growing season while root weight 

decreased. Haulm weight rises from the 

beginning of the season, however after 

a haulm killing operation, it goes 

down.    

To understand and 

visualize relationships 

between the 

characteristics, the 

number of growing 

days since planting. 

Scatter plot 

of residual 

A plot shows that there is a 

decreasing/increasing linear 

relationship between a characteristic 

and a growing days. User can select the 

characteristic and measured period. 
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To show the 

distribution of each 

characteristic 

 

Residual 

analysis, 

Histogram of 

residuals 

The histogram of residuals suggests 

that the residuals (and hence the error 

terms) are normally or not normally 

distributed for each characteristic.  

User can select the characteristic and 

measured period as well. 

To assess normality of 

each characteristic 

Quantile-

quantile plot 

The corresponding normal probability 

plot of the residuals are presented. 

The chart shows that the condition that 

the error terms are normally distributed 

is met or not met. 

 

 Figure 32 – Data analysis tab 

Please note that the data analyses in the dashboard were performed with the viewpoint 

of the software engineer in order to demonstrate the idea of visualizing the results of 

data science and machine learning workloads. The conclusions or interpretations must 

be reproduced or validated by data scientists and domain experts. 

9.3    API implementation (FR3: Accessing and 

retrieving data from external data sources) 
In order to provide an ability for future users to access and retrieve data in the storage 

from external data sources, simple APIs are implemented. Registered users in the 

Admin configuration are able to receive data from the database in a JSON/XML format 

through the APIs. These APIs are defined in a manner to pass out the requested data in 

a predefined format that is understandable by the requesting client. 
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Figure 32 – The REST API implementation of Field Service 

 
The main purpose of this API is to transfer the field details of the farm. Any request to 

this service must be authenticated first from the authentication service to identify the 

user who wants to access field resource. Figure 33 shows the REST API 

implementation of this service methods. During the implementation phase, the API 

functionality was tested using Postman, an API testing tool.17 

  

                                                      
17 https://www.getpostman.com 
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10. Verification & Validation 
10.1    Verification 

The verification process answers the question “are we building the system right?” In 

other words, verification ensures that the system has been built according to the 

requirements and design specifications. 

 

The goal of this project is to design an architecture for data integration solutions of 

Precision Agriculture.  The implementation is used to verify that separating the total 

solution into a part that solves data integration (ETL steps), data storage (database 

implementation), and data visualization (APIs and dashboard) is a feasible and logical 

decomposition. Development strategy is enforced in a natural way. First, the data needs 

to be available. That is why the ETL steps are designed and implemented. This stage 

cleans and transforms the data from different sources within. As a result, the data is 

available in the database.  Finally, the stored data can be used and visualized in an 

external application.   

To make the platform independent from its usage, the components are separated. This 

makes it possible to add new components without being concerned about where and 

which files need to be readjusted. This also increases maintainability. The ETL makes 

sure that the data is also transformed in the right format before being put in the database 

itself. This makes it possible to add different platforms without affecting the database 

format. 

This project aims at exploring a platform for data integration in Precision Agriculture 

that enables the future developers to easily add new functionalities. The database 

structure is able to handle the complexity of rapid changes of the sensors, in terms of 

changes of formats, structure, and names of the measurements from the sensors. The 

data model, which covers the main concepts of the Precision Agriculture, is designed, 

implemented in PostgreSQL, and validated by a dashboard. In both dashboard and 

APIs, model–view–controller, an architectural pattern, is used in order to enable future 

developers to easily make changes and extend the current functionalities of the 

prototypes. Python, which is the most used programming language for data related 

projects, was selected for implementation. 

10.2    Validation  

The platform designed and developed has to comply with the functional, and the non-

functional requirements from Chapter 6 (System Requirements). Once the prototype is 

developed, it is possible to answer how well the platform satisfies them. The answers 

for each requirement is satisfied, not satisfied or not validated. The answers reflect the 

PDEng trainee’s perspectives. 

Table 18 – Functional requirements status  

 

ID Description Priority Status 

FR1 User should be able to store data from 

various sources in some specific static 

structures.  

MUST Satisfied 

 

FR2 The platform shall provide a search 

mechanism for finding data via an 

interface. 

MUST  Satisfied 

 

FR3 User shall be able to access data and 

retrieve it from external data sources.  

MUST  Not 

validated 
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FR4 Data users should be registered. Only 

registered users in the system are able 

to receive data from the database.  

OPTIONAL Not 

validated. 

 

FR5 The platform shall support data 

transformation / cleansing.  

OPTIONAL Not-

satisfied 

 

 

FR1 is satisfied because a database structure is designed and implemented for soil, 

crop, and management variables of all fields. Data from Van den Borne Aardappelen 

is imported into the database. For FR2, a dashboard provides a search mechanism for 

finding data via an interactive interface. FR3 and FR4 are implemented, but not proven 

with the data users. Simple APIs are implemented. User registration is provided with 

Django Rest Framework, the admin user is able to add or remove users for API 

accesses. However, it is necessary to test with data users in order to validate the APIs. 

FR5 is not satisfied since it was not possible to implement a component of cleaning 

and transformation within the time frame of the project. However, these tasks are 

designed and implemented using SQL scripts and the ETL tool. 

 

The non-functional requirements are evaluated in the same way as the functional 

requirements, please see Table 19. Satisfied, not satisfied or not validated are the three 

options. 

 

Table 19 – Non-functional requirements status    

 

ID Requirement Description Priority Status 

NFR1 Extensible / 

flexible data 

model for 

sensor data 

The platform needs to be 

extendable for different 

data types, collected by a 

wide range of sensors. 

MUST Satisfied 

NFR2 Business 

Criticality 

Only open-source tools 

should be used for 

implementations of the 

platform. 

MUST Satisfied 

NFR3 Access 

Requirements 

The platform shall enable 

smooth data exchange. 

MUST Not 

validated 

NFR4 Security 

privacy and 

trust 

The platform shall manage 

all the connections. These 

connections can be with 

external systems or users 

with role-based access. 

SHOULD Not 

validated 

 

The requirement NFR1 is satisfied because a variety of data from different sensors are 

stored in the database. NFR2 is satisfied because the technologies choices are made 

based on the requirement. NFR3 and NFR4 are implemented, but not validated; more 

tests are needed with different users.   
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11. Conclusions  
 
This chapter explains the results achieved by this project, the limitations, and the 

recommendations for the future works. 

11.1    Results 
 
The aim of this project is to prove the feasibility of an architecture design for a data 

integration platform that can be used for the storage and management of Precision 

Farming data.  

 

Below is a summary of the most important benefits of the project. 

 

Based on the domain study and the selected data from the case-study farm, data models 

that suit the needs of the case-study farm including mandatory operational data by law, 

farm management, and sensor data were developed. These data models can lead to a 

common understanding of the data with semantic metadata descriptions. The creation 

of metadata enhances the value of already existing datasets. [6]  

 

In order to prove the data models, a database was designed and implemented in 

PostgreSQL. Data in the years 2015, 2016, and 2017 from the case-study farm is 

cleaned and imported into the database. Having the integrated data available saved the 

time and effort required for developing applications or advanced analyses on top of the 

data. This is because it is not needed to check for a particular data in each separate 

year. The combined data can be queried, visualized, and shared with other systems or 

users. 

 

The APIs add an abstraction layer between the database and its applications. This can 

improve the security of the system and increases maintainability. The application of 

the platform does not need to know what kind of database is in the background; it only 

needs to communicate to the APIs. This means that changing the database will not 

affect the application of the data unless there are big changes in the structure of the 

data. 

 

The presentation of the data is shown in a dashboard. It validates the current data 

structure of the database and allows users to interact with the data in the database. It 

helps users (farmers, data scientists, or domain experts) to explore and understand 

insights of the data. The data, together with its visualization, has a potential for data 

users to identify causalities of better results. 

 

Modern data technologies have been providing a number of advantages for the farmer. 

First, the farmer becomes capable of monitoring differences between the planned and 

the actual business performance and therefore, can take necessary actions depending 

on his farming experience. In order to survive in today’s fast changing and competitive 

environment, he would like to use all kind of sensors, machines, and advanced data 

analysis such as machine learning algorithms. However, he spends a lot of time on 

collecting and organizing the data. 

 

The following is a brief summary of the key issues, challenges of using data in the 

Precision Farming, depending on this project experience and lessons learned by the 

PDEng trainee. 

 

Integration of data sources – Integrating and managing heterogeneous data sets is 

difficult. These activities require a lot of effort and time. Methodical planning, setting 

incremental goals are essential in data integration. Moreover, the smaller and accurate 

goals will help to achieve the integration process and make it useful when data is 

processed and provided. In the case-study farm, the farmer handles data integration 

process himself. There is a need for a technical team that includes data, database, 
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system engineers, and domain experts due to its complexity. Data integration is the 

combination of technical and business processes that is used to combine data from 

disparate sources into meaningful and valuable information18. 

 

Data quality – Data quality is one of the biggest issues because of a diverse of sensor 

technologies, lack of standard data structure, and complexity of the farming systems. 

It is best to establish both practices and responsibilities right from the start. 

Commercial or in-house farming management systems (FMIS) are recommended for 

the data sources, not Excel files. A user friendly FMIS will increase not only data 

quality, it will make the data collection easier and transparent.  

 

Intelligent processing and analytics – A growing number of data scientists and 

domain experts are working on the development of predictive algorithms and crop 

models for data-driven decision making in farming. However, it is heavily influenced 

by pre-existing knowledge and experience on the domain problem, data analysis, data 

transformation process, and visualization. Farmers and domain experts have the 

valuable farming knowledge, whereas data scientists are strong on mathematical 

models and algorithm. Software engineers including data, database, and IT engineers 

can bridge solutions by realizing, designing and implementing infrastructures for both 

users. This means that the whole process requires structured and collaborated team 

work to perform intuitive analyses for making data-driven decisions with better 

insights of the current available data. 

Data ownership and related privacy and security issues – As mentioned in the 

Domain analysis chapter, the farm stores the data on office computers and shares its 

information with domain experts and data scientists through Dropbox. This method 

allows the farmer to keep control over the data and with whom it is shared. However, 

it also has some risks, such as modifying data, and sharing with other people.  When a 

platform is developed to store or analyze the farm data in a digital environment, the 

development team should take on the responsibility of keeping the data secure. 

Therefore, the development team has a responsibility to protect the data and the privacy 

of farmers providing the data both in accordance with farmers wishes and applicable 

law.  

11.2    Future Work Recommendations 
This section introduces the identified future works. It also includes the limitations due 

to constraints, such as time. 

 

 REST APIs are implemented during this project. However, only two APIs, which 

is used to transfer soil scanning data, and field detailed information, are developed 

as a proof of concept due to the given time limitation. In order to comply with all 

the requirements from data users in the future, it will require implementation work. 

 The data integration part can be developed. Two ETL tasks (field details, and 

planting data) are designed in CloverETL tool, others are imported and cleaned 

using SQL scripts. In addition, there are some parts that are present within the 

source data that have not been integrated. This will further help in making more 

complex data analysis possible.  

 The dashboard can be embedded to a website with authentication.   

 In order to be in line with the existing best practices, we looked at the current data 

standards used for data exchange of farm management systems, data integration 

in relevant projects, and the best practices. A number of organizations are working 

on standards for data exchange in agriculture in the Netherlands and Europe. Data 

integration challenges have been the focus of relevant projects such as FOODIE19, 

                                                      
18 https://www.ibm.com/analytics/data-integration  
19 http://www.foodie-project.eu/  

https://www.ibm.com/analytics/data-integration
http://www.foodie-project.eu/
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DataBio20 and SDI4Apps21.  It is highly recommended, for future developers, to 

have a look at the public deliverables of these projects.  

o FOODIE project aims at creating a platform hub on the cloud where 

spatial and non-spatial data related to agricultural sector is available for 

agri-food stakeholders groups and interoperable.  

o The main goal of DataBio is to show the benefits of Big Data 

technologies in the raw material production from agriculture, forestry and 

fishery/aquaculture. 

o SDI4Apps aimed to stimulate innovation and business activities around 

geographic information and open data. The SDI4Apps platform consists 

of a carefully selected set of software components that enables to store, 

manage, process and publish spatial data. 

 Data from Dacom Crop R (the current FMIS of the farm) can be used for better 

data analysis or as a better data source. It is possible to retrieve the data through 

API from Dacom Crop R. system. In this project, only Excel sources were used. 

Moreover, it is necessary to have some agreements on sharing data between the 

farm, the university, and Dacom Company, which is the vendor company of the 

system. 

 It is recommended to translate the current datasets into English to involve and 

attract more people such as farmers, data scientists, and domain experts. In the 

prototype, the datasets are translated by the PDEng trainee. It needs to be reviewed 

by domain experts or the farmer for future development. 

 For future PDEng projects, it is recommended to have a team setup from the 

beginning. (Not only supervisors and a PDEng trainee, a project mentor, 

PhD/master students can be involved due to academic and industrial 

collaborations.) 

  

 

 

  

                                                      
20 http://databio.eu/  

21 https://sdi4apps.eu/  

http://databio.eu/
https://sdi4apps.eu/
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12. Project Management 
 

 

This chapter addresses the used management techniques during the execution of the 

project. 

12.1    Introduction 
As a PDEng graduation project, this is a project where it is important to have a delivery 

that fulfills the goals of the stakeholders (a prototype and a technical report).  The 

project planning was adapted to different periods of the project, the beginning, middle, 

and the end of the project.   

12.2    Project Planning  
At the beginning of the project, the Spiral approach was selected as the software 

development process model. At this stage, the requirements of the project were not 

defined.  In order to show the new progress, an iterative approach was needed. Three 

main cycles were defined without worrying about details. Each cycle was organized 

into four categories: Organizing the cycle, Finding out goals and requirements, 

Designing, and Implementation.  Figure 33 is the sum up of the activities of the initial 

project plan.  

 

Figure 33 – The activities of the initial plan. 

 

During the cycle of Prototype 2, the ambitious project plan was realized. Therefore, it 

was needed to change it. The plan was changed again at the end of the project due to 

an unexpected long sick leave of the Postdoc who is a collaboration partner for the 

tasks.  Figure 34 summarizes the activities of the final project plan.  

 

 

Figure 34 – The activities of the final plan 

12.3    Project Executing 
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During the project, every month a Project Steering Group (PSG) meeting with the 

supervisors and the Postdoc was held at TU/e. The topics presented in these meetings 

were the tasks completed in the previous month, demonstration of the results, current 

progress, risk and challenges identified, and the tasks planned for the next PSG. After 

the meeting, minutes are produced by the trainee. Every PSG meeting is an iteration in 

the project that may change its direction. In general, the execution of the project can 

be split into three main stages as shown in Figure 35. 

The domain analysis part was mostly research, and the data understanding was 

meetings with domain experts including the farmer, the farm employees, students 

(Puck Mulders, Frenk-Jan Baron) who interned in the farm. Data understanding stage 

was challenging due to the complexity of the structure of the provided data sources. 

Therefore, it took longer than expected.  

 

 

Figure 35 – The execution of the project  

 

 

For the design and implementation, the four main features were developed separately. 

The data collection focused on facilitating the integration of the tools that will capture 

the data from different sources. The data storage dealt with handling the data produced 

by data collection. The dashboard visualized the combined and analyzed information 

in a web form. The API implementations are intended to transfer the data stored in the 

database to the data users. 

Although the intention was to have a long testing period with the team from the 

Department of Mechanical Engineering team, the implementation was not finished on 

time because of an unexpected change in the project plan at the end of the project.  

 

The last stage was part of the wrap-up process and the preparation for the defense of 

the project. The handover of the prototype and documentation was organized.  
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13. Project Retrospective 
 

This chapter finalizes the document by providing a reflection on the project based on 

the author’s perspective. It also depicts the revision of the design opportunities, defined 

in the beginning of the project. 

13.1    Reflection 
 

During these ten months, my journey has been quite challenging but interesting.  Due 

to its combination of an academic and an industrial setup, the project has enhanced my 

professional and personal skills by presenting challenges from technical to managerial 

perspectives. These challenges have led me to learn a lot and identify my strengths and 

improvement points.  

Scoping the project was crucial as any other PDEng project. The project serves for two 

purposes such as PDEng thesis and an industry-driven technical project. Therefore, I 

had to define a clear scope for managing the limited time to deliver customer demands 

as well as the university standard. Understanding the real requests of the stakeholders 

and managing their expectations were challenging than the design and the 

implementation phases. The PSG meetings with the stakeholders have proven that 

periodic and structured discussions are useful to keep everybody on the same page.  

At the beginning of the project, I had to understand the domain concepts by reading 

publications and by having meetings with the domain experts. Then, moved to 

understanding data from the case-study farm, but studying through complexly 

structured data sources with the language barrier (The provided datasets were in 

Dutch.) was also one of the difficult obstacles that I faced in the project. With the help 

of the farmer and the master students (Puck Mulders and Frenk-Jan Baron) who had 

interned in the farm, I could focus more on the necessary parts of the datasets, among 

a large quantity of input data. 

Managing individual project has been challenging. My previous work experience was 

based on team-oriented projects, thus, I had to learn self-management approaches and 

best practices.  

I have studied a couple of previous PDEng project reports and best practices of the 

relevant projects.  This method has helped me to create my own architecture design 

and data models which were suitable for this project.  

Overall, I have had a challenging and beneficial experience with this project. Practicing 

software development, cooperating with technical and managerial people, and 

managing their expectations, I have been able to improve my hard and soft skills. I 

have grown professionally with these experiences. Moreover, the use of new 

technologies and the application of different techniques has broadened my overview 

and has opened a promising outlook for the future. 

 

 



 

73 
 

13.2    Design opportunities revisited 

 
The design criteria that were selected in Section 6.4 as relevant for this project are: 

Realization, Extensibility, and Re-usability. 

 

 Realization:  Based on the domain, problem, and feasibility analysis, a set of 

functional and non-functional requirements of a data integration platform was 

extracted. As a result, it is reflected that designing a data model is essential in 

order to capture all the data relations, constraints, and behavior of the domain. 

Three different categories of the data were distinguished and a data model for 

each category was designed. In addition, a decomposition of architecture was 

introduced by creating a software component on a higher abstraction level.  
Finally, a prototype was developed to showcase how the data models are 

realized.  
 

 Extensibility: The data model for sensor data is able to handle the complexity 

of rapid changes of the sensors, in terms of changes of formats, structure, and 

names of the measurements from the sensors. During the implementation 

phase, in both dashboard and APIs, the model–view–controller pattern is used 

in order to enable future developers to easily make changes and extend the 

current functionalities of the prototypes. 

 

 Re-usability:  All technology related aspects have been isolated from the data 

models, so that the data models can be reused no matter what the underlying 

technologies are. 
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Glossary 
 
 

API  Application Programming Interface 

Authentication The process of verifying that a data consumer is the entity that it 

claims to be for the data source. 

Data model  A model that represents data entities and the relationship 

Data source Resources which provide data for a target system. It may be an 

SQL database, an Excel file, or a web service. 

Data type A name given to a specific type of file, in which content 

data exists among them 

Data users  Data scientist and domain experts that receive data from data 

sources and use it for analysis and reporting purposes. 

Dataset A collection of data  
ETL  The process in which data from different data sources are 

brought together. 

IT Information technology  

Metadata Describes the characteristics of certain data. It is either 

about the design and specification of data structures, or 

about data content 
Raw data A data collected from a source. 

REST Representational State Transfer 

SQL SQL is a standard language for storing, manipulating and 

retrieving data in databases. 

TU/e Eindhoven University of Technology 
WUR Wageningen University & Research 
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14. Appendix A. 

14.1    FOODIE Data Model 
FOODIE data model is used as a reference model in this project. The following UML 

class diagram shows how FOODIE UML Data Model has been adapted to Postgres 

database. FOODIE data model is based on the INSPIRE directive, ISO (International 

Organization for Standardization) standards (for example, 19156, 19157) and OGC 

(Open Geospatial Consortium) standards.   

 

Figure 36 – FOODIE UML Data Model 
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