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Abstract 
The purpose of this project is to make it easier to grow plants 

domestically all year round. The objective is to construct a 

remotely controllable and environmentally independent 

automated hydroponic system. This would minimize the 

efforts required by the user to sustain plants in non-native 

climates. 

 

A hydroponic gardening system uses water as a growth 

medium instead of soil. The system is climate conscious and 

has benefits compared to conventional agriculture. 

 

Hydroponic systems are affected by several factors, this 

project only focuses on controlling the light intensity by 

isolating the system, and regulating the nutrient 

concentration through EC. The system uses a microcontroller 

for analysis and control. 

 

The results are promising, showing that the system works. 

However, the limitations in time led to a short test period, 

therefore the data gathered is limited. The discussion based 

on the results conclude that the system cannot be considered 

completely automatic but reduces the need of manual labour.  

 

Keywords: Hydroponics, Automation, Remote Access, 

Internet of Things, Mechatronics, Sustainability 

 

 

 

 

  



  



Referat 
Syftet med detta projekt är att göra det lättare att odla växter 

inhemskt året runt. Målet är att konstruera ett fjärrstyrbart 

och miljöoberoende automatiskt hydroponiskt system. Detta 

ska minimera ansträngningarna från användaren för att 

underhålla växter i icke-inhemska klimat. 

 

Ett hydroponiskt odlingssystem använder vatten som 

tillväxtmedium istället för jord. Tekniken har fördelar 

jämfört med konventionell odling vilket gör hydroponi mer 

miljövänligt. 

 

Hydroponiska system påverkas av flera faktorer, men detta 

projekt fokuserar bara på att kontrollera ljusintensiteten 

genom att isolera ljuset inom systemet samt att reglera 

näringsämne-koncentrationen genom att mäta den 

elektriska ledningsförmågan i vattnet. Systemet använder en 

mikrokontroll för analys och kontroll. 

 

Resultaten är lovande och visar att systemet fungerar. 

Däremot har begränsningarna i tid lett till en kort testperiod, 

därför är data som samlas in begränsad. Diskussionen 

baserad på resultaten drar slutsatsen att systemet inte kan 

anses vara helt automatiskt men reducerar behovet av 

manuell arbetskraft. 

 

Nyckelord: Hydroponik, Automatisering, Uppkopplat, 

Internet of Things, Mekatronik, Hållbarhet 

  



  



Acknowledgements 
We would like to thank our supervisor Nihad Subasic for supporting us during the project. We 

would also like to thank Staffan Qvarnström and the lab assistants for their patient, support and 

help. Thank you, Lucas Bergstrand, for the helping with machining our PCBs. Finally, we would 

like to thank our peers for inspiration and help. 

 

Niklas Ahlqvist, Jonas Jungåker och Agnes Perrin 

Stockholm, May 2019 

  



  



List of Abbreviations 
AC    Alternating current 

DC    Direct current. 

EC    Electrical conductivity 

LED    Light-emitting diode. 

PAR    Photosynthetic active radiation. 

DWC    Deep water culture 

NFT    Nutrient Film Technique. 

S    Siemens 

m    Meter 

TDS    Total dissolved solids 

ppm    Parts per million 

l    Litre 

g    Gram 

lm    Lumen, the total flow of light from a source. 

i.e    Id est 

VNC    Virtual Network Computing 

PCB    Printed Circuit Board  



  



Contents 
Chapter 1 1 

Introduction 1 

1.1 Background 1 

1.2 Purpose and research questions 1 

1.3 Scope 2 

1.4 Method 2 

Chapter 2 5 

Theory 5 

2.1 Hydroponic systems - basic concept 5 

2.1.1 Deep water culture 6 

2.1.2 Nutrient Film Technique 6 

2.1.3 Aeroponics 6 

2.1.4 Ebb & Flow 7 

2.1.5 Drip system 7 

2.2 Nutrients 7 

2.3 Sensors 8 

2.4 Photosynthesis 10 

2.5 Light sources 10 

2.6 Pollination 11 

2.7 Single-Board Computers 11 

2.8 Internet of Things 11 

2.9 Virtual network computing 11 

2.10 Efficiency and Economics of Hydroponic Systems 12 

Chapter 3 13 

Demonstrator 13 

3.1 Hardware 13 

3.1.1 Frame and Body 13 

3.1.2 Sensors 14 

3.1.2.1 EC sensor 14 

3.1.2.2 Time 15 

3.1.3 Actuators 15 

3.1.3.1 Water pump 15 

3.1.3.2 Lights 15 



3.1.3.3 Nutrient dozer 15 

3.1.3.4 Fan 16 

3.1.4 Microcontroller 16 

3.2 Software 16 

Chapter 4 19 

Results 19 

Chapter 5 21 

Discussion and Conclusion 21 

5.1 Discussion 21 

5.1.1 Nutrition, pH and artificial light 21 

5.1.2 Level of automation 21 

5.1.3 Efficiency and economical aspects 22 

5.2 Conclusion 23 

Chapter 6 25 

Recommendations and Future Work 25 

Bibliography 27 

Appendix A 31 

Images of the prototype 31 

Appendix B 35 

Raspberry Pi Code 35 

main.py 35 

InputInterface.py 39 

OutputInterface.py 40 

GUI.py 41 

readEC.py 44 

 

 

  



List of Figures 
2.1. Diagram showing different kinds of hydroponic systems.      6 

 

3.1. Schematic of the hardware structure, drawn in Lucidchart.    13 

 

3.1.1. CAD model of the construction, made in Autodesk Inventor.    14 

 

3.2. Chart of the software structure for the Raspberry Pi, drawn in Lucidchart.   17 

 

4.1. Picture of the plants state during the testing period      19 

 

A.1. Rendered CAD image of bilge pump and peristaltic pump.    30 

 

A.2. Rendered CAD image of LED and reflector screens simulating sun.   31 

 

A.3. The construction and plant.        32 

 

A.4. Picture of the construction and plant       33 

 

 

  



  



List of Tables 
2.2 Macro- and micronutrients needed by plants.      7 

 

3.1. Readings when calibrating the EC sensor.       14 

 

  



 

 

 



1 
 

Chapter 1  

Introduction 
 
This introductory chapter accounts for the background, purpose, scope and method of the thesis. 

1.1 Background 

Agriculture on a big scale is, and will always be, an integral part of society. As the population 

continues to grow, so must food production. With the increased focus on environmental 

sustainability, the possibility of growing plants in non-native environments has gained an 

increased interest from the public. Conventional agriculture has a lot of negative impacts that can 

be addressed by growing plants in hydroponic systems instead. 

 

Hydroponic gardening systems use water as the growth medium instead of soil, leading to great 

benefits. The systems lead to higher yields and water efficiency and can be designed to support 

continuous production throughout the year [1]. Creating a self-sufficient hydroponic system 

operating without dependence on outside climate enables the possibility of growing plants 

remotely, in areas where farming can be challenging due to extreme climate. Furthermore, it 

minimises the labour required to maintain the plants.  

 

A source of inspiration for this project was earlier bachelor theses in this subject. In 2017 there 

was a project called "Automated hydroponics greenhouse" [34] and in 2018 “Automated Plant 

Holder for Compact Area” [9].  

 

This thesis has three aims. Firstly, to find whether it is possible to create an autonomous 

hydroponic system with relatively cost-efficient materials. Secondly, if it is possible to remotely 

access and manage that system to be able to minimise human interaction with the system. Finally, 

to analyse how this kind of system would affect the operating efficiency.  

1.2 Purpose and research questions 

The purpose of this project is to make it easier to grow plants domestically all year round by 

creating an environmentally independent hydroponic system. Constructing a remotely 

controllable automated hydroponic system will minimize the efforts required by the user to 

sustain plants in a non-native climate. The project hopes to expand and improve the utilization of 

hydroponics by analysing how the operating efficiency of hydroponic systems are affected by the 

minimized need of human interaction with the system. This thesis will explore and answer the 

following questions: 

 

- To what extent is it possible to create a remotely accessible and manageable automated 

hydroponic system?  
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- In what range would the use of such a system affect the operating efficiency of hydroponic 

farming? 

1.3 Scope 

The project is limited to the resources given by the Department of Mechatronics at KTH Royal 

Institute of Technology, Stockholm and the time is limited to corresponding half-time work over 

one semester.  

 

The target of this project is to automate the maintenance of a closed hydroponic system and 

investigate the effectiveness of that system. To achieve and sustain a fully automated hydroponic 

system all factors affecting the environment of the system should be measured, recorded and 

controlled. The hydroponic system is affected by the temperature of the water tank, pH level, 

nutrient concentration in the solution and the light intensity. The limited project scope and 

resources do not allow for the possibility to control all these factors. Therefore, this project will 

focus on the nutrient concentration by controlling the conductivity and light intensity. The pH 

level of the solution will not be actively controlled, instead the pH level will be managed using a 

pH neutral nutrient solution.  

 

The resources only allow for developing a system suitable for household use thus, the system is 

limited in size. In order to investigate the functionality of the system, plants will be introduced as 

an indicator. The project will focus on growing cherry tomatoes. The seeds chosen are expected 

to generate a compact plant, which is suitable for the project due to limitations in size of the 

hydroponic system [2].  

 

Since the purpose of the project is not to optimize plant growth, nutritional values of the plants 

will not be measured or taken into consideration. Furthermore, if a plant appears healthy, it will 

be regarded as such. The plants will be introduced after germination, when the root system is 

somewhat developed, which means the possibility of managing germination will not be tested. 

Furthermore, the limitations in time makes it impossible to test the system during a full growing 

cycle, therefore the takeaways from the project will primarily be theoretical.  

 

The possibility of investigating the system’s long-term functionality is limited due to the 

timeframe. Moreover, the operating efficiency of the system will be examined based on data and 

theory as the possibility to test is limited. 

1.4 Method 

The first research question is answered by constructing a demonstration unit composed of an 

automated hydroponic cell. By testing the unit’s behaviour and capability to maintain tomato 

plants, data will be gathered to determine the productivity of the system. The system uses a 

microcontroller for analysis and control of the unit’s data. The microcontroller is connected to a 

server, in order to make the data accessible remotely.  

 

To ensure that the plant is receiving the optimal amount of light a LED lamp is included in the 

system. The system is closed, meaning outside factors such as ambient light will not affect the 

system. Thus, the LED lamp will simulate the optimal level of natural light needed by the plant.  
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The system is meant to be in an indoor climate with a surrounding temperature of 19-25 degrees 

Celsius. Since tomato plants prefer a temperature of 20-30 degrees Celsius [3], the temperature 

of the water in the system and the surroundings is assumed to be at a sufficient level for the 

tomato plants. The temperature will, therefore, not be measured or regulated.  

 

Plants need nutrients to stay alive and considering that the hydroponic system uses water as the 

growing medium, and water does not contain any nutrients itself, one must add a nutrient 

solution to the system. The nutrient solution that the system uses is pH neutral, therefore, the pH 

of the water will not be measured nor regulated.  

 

Daily measurements of the nutrient concentration are done to be able to keep the nutrient level 

to an optimal for the plant. By measuring the electrical conductivity of the water, the nutrient 

level can be controlled. The conductivity shows the concentration of salt ions present, which is an 

indicator of the concentration of nutrients [5][7]. Therefore, regulating the electrical conductivity 

will regulate the nutrient level. 

 

Growing tomato plants in a closed system implies that an artificial method for pollination must 

be included to ensure that tomatoes grow on the plants. Therefore, a fan will be included in the 

system, to simulate wind.  

 

By comparing the operating efficiency of the system with studies of efficiency in hydroponic as 

well as conventional farming, a theoretical answer is given to the second research question. 

Therefore, the project is examining what the advantages and disadvantages may be of such a 

system.  
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Chapter 2  

Theory 
 
This chapter contains the theory needed for the thesis, including theory of hydroponic systems 

and its components. 

2.1 Hydroponic systems - basic concept 

Hydroponic systems are used instead of conventional methods within soil-based agriculture. 

There are several different kinds of implementations of hydroponic systems, but they all follow 

the same idea. The basic concept of a hydroponic system is to submerge the roots of a plant into 

a nutrition rich solution that is a combination of freshwater and nutrients. By using this method, 

plants can grow faster compared to the more conventional method and the usage of water will be 

reduced [5]. 

 

Furthermore, the usual structure contains several dimensions that most hydroponic systems 

have in common. Firstly, there is a water container that contains a mix of freshwater and 

nutrition. Secondly, these containers usually have sensors that are connected to a control unit to 

measure important aspects of the water solution such as pH-values and electrical conductivity. 

Thirdly, the plants are usually put in containers with an inert medium, a medium which does not 

contain any nutrients or that absorbs water, to support the plant and its roots and let them retain 

moisture from the water. Lastly, most hydroponic systems are active and semi-automated. It is 

common to use the help of mechanical systems such as pumps that make the water circulate and 

dispensers which control the concentration of nutrients in the growth medium [5]. 

 

The design of hydroponic systems is typically more efficient than their soil-based counterparts. 

For instance, the possibility of growing without soil removes weeds around the plants that steal 

nutrition, space, and hydration. Another benefit is that most hydroponic systems are built 

together with artificial lighting, indoors, which makes them independent to the outside climate. 

That combination provides a stress-free environment for the plants which will let them grow 

much faster. Hydroponic systems also eliminate the use of pesticides since the illness of plants 

caused by microorganisms that live in the soil is removed [5]. 

 

However, hydroponic systems require a greater up-front cost in order to set up and are not 

typically well suited for large scale operations. Another issue is that hydroponic systems are 

dependent on their mechanical systems. A failure that halts the water flow would kill the plants 

if not tended to quickly. Furthermore, even though hydroponic systems eliminate the risk of 

illness from microorganisms, water-based illness can still be a factor. Since many plants are 

connected to the same water source, the risk of spreading a water-based illness between plants 

is very likely. In Figure 2.1 [31] there are several designs of hydroponic systems that are 

commonly used [5]. 
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1Figure 2.1. Diagram showing different kinds of hydroponic systems. 

2.1.1 Deep water culture 

The deep water culture, DWC, method implies that the plant and its roots are submerged directly 

into the nutrition filled water container. By doing so, the system does not need to rely on water 

pumps which circulates the water. However, since the roots are submerged into the water, the 

system needs external pumps which oxygenates the water, so that the plants roots do not drown. 

This technique is popular since it allows the usage of organic nutrients (organics that are 

dissolved in the water to release the ions plants need) which otherwise would eventually clog 

pumps and emitters used in the systems mentioned below. Furthermore, the container is usually 

covered, which prevents lights from penetrating the system that otherwise would let algae grow 

in the water, hence the name “deep water culture” [4]. 

2.1.2 Nutrient Film Technique 

Nutrient Film Technique, NFT, is another popular method used within hydroponics. In this 

method, the plants are separated from the water container and put in a slightly tilted rack above 

the container. With the help of water pumps, water is being pushed into the rack on the highest 

point then flows down with the help of gravity. The water only covers the bottom of the root 

system leaving space for the rest to breathe, which removes the need of oxygen pumps and 

sensors in the system. Although this technique provides some efficiency of the system, it can still 

be problematic. Because of its tilting design, the first plant usually gets the most nutrition while 

the last one gets the least, which becomes worse depending on the length of the rack holding the 

plants [4].  

2.1.3 Aeroponics 

Aeroponics and NFT are very similar in design. Both make sure that the plants’ roots hang free in 

the air, so they get free access to oxygen. The difference is that the plants do not need to get 

separated to a different rack and can be connected on top of the water container. To make sure 

the roots get the nutrition they need, emitters are placed at a height that enables the continuous 
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spray of water to create a misty environment within the container. By doing so, the system makes 

sure that all the plants grow evenly since they get the same amount of nutrition [4]. 

2.1.4 Ebb & Flow 

This system is also known as the flood and drain system and the concept is to put the plant in a 

container with a medium which allows water to slowly flow away. A water emitter is connected 

on top of the container which pours water into the container in cyclical periods, drowning the 

container and then letting the water flow away. The plant gets the nutrition and hydration it needs 

during these wet periods and oxygen during the drying periods. Furthermore, this system fits 

well with plants that are used to grow in dry periods since it is easy to alter the time of the water 

cycles [4]. 

2.1.5 Drip system 

A drip system works almost the same as Ebb & Flow, but the main difference is that the system 

slowly adds nutrition by dripping water to each plant individually. Drip systems consumes less 

water since every plant gets the water and nutrition they need from their own emitter in a slow 

pace, and the water that is not used for hydration flows back into the water container. This system 

works well with bigger plants that may take up a lot of space to make sure all of them get enough 

nutrition to minimum waste. Although this system is promising, it also has a downside. Since it 

depends on several small emitters, the risk of malfunction increases because the nutrition can 

clog these emitters, especially with the usage of organic nutrition. Therefore, it needs continuous 

maintenance to minimize the risk of malfunctioning and the risk of the plants to die [4]. 

2.2 Nutrients 

When it comes to nutrition, minerals have always been an important part in history to make sure 

that plants get the nutrition they need. However, it is not until the late nineteenth-century that 

biologist realized that plants do not need organic nutrition. During the process of nutrient uptake, 

the organic nutrients break down into components of minerals that plants harness. [5]. 

 

Nutrition for plants consist of two parts, macronutrients and micronutrients. Macronutrients 

consist of minerals that the plants harness the most. All the minerals are listed in Table 2.2. 

Nitrogen (N), Phosphorus (P), Potassium (K) together compromise over 75% of the mineral 

nutrients found in plants. Micronutrients are those minerals that are essential for the plant’s 

growth but is not needed in the same amounts as the macronutrients. In general, plants require 

thirteen minerals in different quantities. The amount of minerals needed depends on what type 

of plant that is being grown. Worth adding is that the nutrients are harnessed by the fine roots, 

or the hair around the big roots, of the plants. Therefore, it is important to make sure that the 

nutrients hit furthest down of the root system [5]. 
1 
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Table 2.2. Macro- and micronutrients needed by plants. 

Macronutrients Micronutrients 

Nitrogen (N) Iron (Fe) 

Phosporus (P) Manganese (Mn) 

Potassium (K) Zinc (Zn) 

Calcium (Ca) Copper (Cu) 

Magnesium (Mg) Boron (B) 

Sulphur (S) Chlorine (Cl) 

 Molybdenum (Mo) 

 

It is rather simple to see if the plants suffer from nutrient deficiency by looking at the plants’ 

leaves. It is more difficult to determine exactly which kind of mineral it is lacking and how much. 

There are several nutrient deficiency symptoms for each mineral, and some of them may look like 

it could be too little hydration or sunlight for the plant. Macronutrients have two major 

differences that set some of them apart, the first is that some of them are mobile nutrients. Mobile 

nutrient travels from old leaves to newer ones, these are magnesium and nitrogen. Nitrogen 

deficiency is rather easy and straightforward to observe. All old leaves will turn yellow while new 

ones will flourish in its normal colour. Magnesium may look the same as nitrogen deficiency. The 

difference is that old leaves get yellow between the veins or the ribs and may appear streaked [5]. 

 

The other macronutrients do not travel, therefore new leaves, and sometimes old leaves too, will 

show if there is a deficiency. Phosphorus will show different signs depending on the species of 

the plant, where the plant is stunted during its early growth and gets a dull green, yellow or 

purple-tinged colour on its leaves when it is properly growing. Potassium deficiency shows on 

the older leaves first where they get yellow at the edges but still green in the middle. Later, this 

yellow colour will turn brown and may cover more spots on the leaf until it is completely dead. 

Calcium is hard to detect because it mostly slows down the growth of the plant. Sulphur deficiency 

makes the plants slightly stunted and younger leaves will develop scorched and curled margins 

[5]. 

 

Micronutrients are much harder to separate because it is usually several that are deficient at the 

same time. Most common signs are that the plants grow slow together with new leaves turning 

yellow either on the tips, around the veins or on the terminal bud. As a conclusion, it is hard to 

know exactly which mineral that is missing so if signs of mineral deficiency show, it is either 

because the original mixture is not good enough or that the water solution needs more nutrition 

[5]. 

2.3 Sensors 

Usage of sensors in hydroponic systems is mainly to help with nutrient management. There are 

four components that need to be measured within hydroponics; the total salt concentration, pH 

value, alkalinity and nutrient concentration.  
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To measure the level of nutrients an approximation of the correlation between the salinity and 

conductivity of water is often used. Nutrients are applied in the form of salts which break down 

into ions, containing the nutrients that the plant need. Since water becomes more conductive at 

higher salinity levels the conductivity of a body of water can be used to approximate the salinity 

of the water [7].   

 

Electrical conductivity (EC) measures the ability to transport electrical charge in a medium and 

is measured in siemens per meter ( 𝑠/𝑚 ). The electrical conductivity of water estimates the total 

amount of solids dissolved in water which is called total dissolved solids (TDS) and is measured 

in parts per million (ppm) or in milligrams per litre ( 𝑚𝑔/𝑙 ) [5]. Too much salinity will form ion 

pairs which will halt the solution’s ability to conduct current. It will also inhibit the plant’s ability 

to absorb water, which makes it critical to understand the development of salinity in the solution 

[5][7]. 

 

The relation between Total Dissolved Solids and Electrical Conductivity is: 

 

𝑇𝐷𝑆 [
𝑚𝑔

𝑙
] = 0.64 ∙ 𝐸𝐶 [

𝜇𝑆

𝑐𝑚
] = 640 ∙ 𝐸𝐶 [

𝑑𝑆

𝑚
]   (2.3.1) 

 

This relation only provides an estimation [5]. 

 

Another factor to consider is to how the conductivity change depends on temperature. Changes 

of temperature and electrical conductivity follows a pattern where the conductivity increases 

with two to three percent with each increase of Celsius and decreases the same way when 

temperature decreases. The change is not linear but between 0 to 30 degrees Celsius it is very 

close to being linear and can, therefore, be approximated as such. This equation is called 

“temperature corrected” and gives the relation between the exact conductivity and the TDS-value 

in the solution. The temperature corrected equation uses 25 degrees Celsius as a reference value 

to measure the EC value. 𝐸𝐶𝑡 is the electrical conductivity at temperature t, 𝐸𝐶25 is the electrical 

conductivity at 25 degrees Celsius and a is a compensation factor which is recommended to be 

𝑎 = 0.0191 [8]. 

 

Temperature corrected conductivity [8]: 

 

𝐸𝐶𝑡 = 𝐸𝐶25[1 + 𝑎(𝑡 − 25)]   (2.3.2) 

 

The other important measurement is the level of pH in the water solution. The pH value indicates 

how acidic or basic a solution is and have a range between 0 to 14 where 7 is considered neutral. 

Everything below 7 is considered acidic and everything above is basic. A suitable pH level for 

plants is between 5.0 and 6.5 where the ideal is around 5.5. Plants usually thrive in that range and 

the intake of micronutrients is known to decrease drastically when the pH is above 7. Plants will 

have good availability of nutrients at the optimal level of pH [5]. The pH level in a solution is 

defined as the negative logarithm of the correlative hydrogen ion activity (aH+) [6]. 

  

𝑝𝐻 =  −𝑙𝑜𝑔10(𝑎𝐻 +) = 𝑙𝑜𝑔10 (
1

𝑎𝐻+
)   (2.3.3) 
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In a bachelor’s thesis done at KTH Royal Institute of Technology, a similar system was created. 

The thesis concluded that measuring the pH value in a solution was prone to errors due to leakage 

of current when measuring conductivity. This resulted in spikes when measuring the value of pH 

in the solution which could make the system react if measured within those areas [9]. 

2.4 Photosynthesis 

In order for plants to grow a supply of light is necessary, either from a natural source, such as 

sunlight, or from an artificial source. The type of light needed is classified as photosynthetic active 

radiation (PAR) which mainly consists of visible light with a wavelength from 400 to 700 nm. 

Tomatoes grow naturally in direct sunlight which has a typical illuminance of just above 100 000 

lux. Artificial light sources are often specified by their luminous flux, given in lumens or lm, which 

converts to illuminance, given in lux or lx, as shown in Equation 2.4.1. 

 

𝑙𝑥 =
𝑙𝑚

𝑚2   (2.4.1) 

 

Therefore, an artificial light source must be placed a certain distance away from the object being 

illuminated in order to achieve the proper illuminance level. The distance is given by Equation 

2.4.2.  

 

𝐸 =
𝜑

𝐴
→ 𝜑 = 𝐸 ∙ 𝐴  (2.4.2) 

 

Where E is the illuminance given in lux, A the area of the surface illuminated given in 𝑚2 and 𝜑 is 

the illuminance given in lumens. In order to get the approximate distance from the light source to 

illuminated object, Equation 2.4.3 is used. 

 

𝐴 = 4𝜋𝑟2  (2.4.3) 

 

Where r denotes the ideal distance between light source and illuminated surface in metres and A 

is the previously mentioned surface area [10].  

2.5 Light sources 

Hydroponic systems with artificial lighting use a variety of different light sources, including LED 

lights, high pressure sodium lights, incandescent lights and fluorescent lights. Sodium-vapor 

lamps uses the excitation of sodium vapor to produce light of around 600 nm in wavelength. Low 

pressure sodium lights have a narrower spectrum of light than the high-pressure sodium light. 

The sodium-vapor lights are primarily used because of their good light to power consumption 

efficiency compared to other light sources [12].  

 

Fluorescent lights are similar to sodium-vapor lights but use mercury instead of sodium as an 

excitation medium, which produces ultraviolet light. A fluorescence layer inside the lamp 

converts this ultraviolet light to light of longer wavelengths. Fluorescent lamps are, like sodium-

vapor lights, more efficient than other types of lights with typical output of 50-100 lumens per 

watt [24].  
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Incandescent lights use incandescence to produce light through heating of a wire filament to a 

temperature where the filament glows with visible and infrared light. The wire filament is 

typically protected from oxidation through encapsulation in a gas-filled bulb. Incandescent lights 

are much less efficient than sodium-vapor, fluorescent and LED lights with a common efficiency 

of 12-18 lumens/watt using tungsten wire filaments [23].  

 

LED lights use electroluminescence to produce light where light is obtained when electric current 

is passed through a diode. Different kinds of diodes emit different wavelengths of light and in 

order to obtain white light or light in the complete spectrum of Photosynthetic Active Radiation 

special diodes need to be used. LED lights are usually more efficient than other lights [11][12]. 

2.6 Pollination  

Pollination of tomato plants can be achieved in a variety of ways, both natural and artificial. 

Although tomato plants are self-pollinated some way of moving pollen from anther to stigma is 

needed. Natural ways of pollination are either through buzz-pollination with the help of bees or 

through the help of winds where the plants are shaken enough to release pollen from the anthers 

[13]. Artificial pollination of tomato plants uses either of these two techniques, either vibrating 

the plant in order to pollinate using some sort of vibrator or shaking the plant gently in order to 

simulate wind induced movement. Artificial pollination is key in order to get competitive yields 

from tomato plants [14].  

2.7 Single-Board Computers 

A single-board computer is a computer which consists of a central processing unit, memory and 

input and output interfaces all on one single circuit board. These can run complete operating 

systems with full interactivity from the user, much like personal computers although more 

lightweight. Systems, like the Raspberry Pi, can run versions of GNU/Linux which can run 

compiled and interpreted code and allows for interconnectivity through standardized network 

interfaces. This makes single-board computers effective for embedded systems which rely on 

client-server communication through an internet connection [35].  

2.8 Internet of Things 

The internet of things describes the internet as a network of interconnected devices which all 

have unique identifiers and the ability to transmit and receive data. The things range from devices 

such as weather stations which transmit data to central data collection stations to heart monitors. 

The internet of things makes it possible for machines to transmit data to each other in order to 

improve each other’s efficiency which in turn leads to shared benefits. Internet of things also leads 

to the possibility of remote activation and control of machines from remote central locations [15].  

 

2.9 Virtual network computing 

Virtual network computing (VNC) is a computer software that enables a user to remotely access 

another computer. The host computer connects to the other computer through a shared network 
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(such as a virtual private network) with the VNC-server software. This software sends screen 

dumps from the remotely controlled computer to the host computer which makes it strenuous 

for the computer capacity. It is easy to use, and the user can easily observe the remote computer 

if the system allows it [33]. 

2.10 Efficiency and Economics of Hydroponic Systems 

Conventional agriculture, which in this report is defined as the practice of growing crops in soil, 

has negative impacts on the environment. These include high and inefficient use of water, large 

land requirements, high concentrations of nutrients and pesticides in runoff and soil degradation 

as well as erosion [16]. Growing produce in a hydroponic system has great benefits including, 

more efficient water use, limited pesticides, higher yields and food production throughout the 

year. Therefore, some of the downsides of conventional crop production can be dealt with by 

switching to hydroponic production [1].  

 

To evaluate and compare the efficiency of conventional agriculture and hydroponics one can look 

at yield, land use, water use and energy use. It has been found that hydroponic systems are more 

efficient in terms of yield per area and water usage, normalized by yield, than conventional 

agriculture. Hydroponic systems can render as much as 11 times greater yield and 13 times more 

efficient use of water [1].  

 

While hydroponic production results in higher yields and more efficient use of water, there is a 

big disadvantage related to the energy consumption of the system. Normalized by yield 

hydroponic systems can require up to 82 times more energy than conventional agriculture. In a 

hydroponic greenhouse the energy use is dominated by heating and cooling, which stands for 

82% of the total energy consumption. The temperature of the hydroponic system is reliant on the 

outside climate; thus, the energy demand is strongly affected by the location of the system. The 

energy needed for supplemental lightning answers to 17% of the total energy consumption [1]. 

 

The cold climate in Sweden means the energy demand for keeping temperature at optimal levels 

will be high. This implies that the energy consumption is hard to reduce with respect to heating 

and cooling. One way to reduce the energy demand is to simplify the hydroponic system, 

removing the energy consuming attributes of advanced hydroponic systems. This affect the total 

yield, though, a simplified hydroponic system can still outperform conventional agriculture and 

deliver 3-4 times greater yield [17]. A hydroponic system that is not dependant on electricity 

would drastically reduce the energy demand. Such a system would also reduce the high initial 

cost of investment of hydroponic systems [18].  

 

Even though the energy demand is apparent downside associated with hydroponic systems the 

operating cost is dominated by labour cost. Studies found that labour cost represents 65 - 71% 

and energy stands for 20 - 27% of operational costs [19][20]. This can be compared with labour 

intensive processes like vegetable production where labour costs represent 27% of gross cash 

income [21]. Furthermore, one economic advantage for hydroponic systems is that it is possible 

to produce multiple crops yearly, whereas open field agriculture crops are generally limited to 

one yearly [22]. 
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Chapter 3 

Demonstrator 
 
In this chapter, the construction of the system will be in focus. The Ebb and Flow technique was 

chosen for this demonstrator due to its easy construction and maintenance design. 

3.1 Hardware 

The hardware structure of the system is shown in Figure 3.1. The microcontroller gets input from 

two sensors, which control the output of the actuators.  

 
2Figure 3.1. Schematic of the hardware structure, drawn in Lucidchart. 

3.1.1 Frame and Body 

A model of the construction is shown in Figure 3.1.1. and more pictures can be found in Appendix 

A. The base of the hydroponic system consists of a container for the water which contains the 

nutrients for the plant grown. The rest of the system is assembled and put on top of this container. 

The inner container, which contains the clay pebbles and the root system, is mounted on a 

separation plate cut out of acrylic plastic. The separation plate holds the structure of the reflection 

panels that reflect the lost light from the LED lamp back into the system.  

 

According to Equation 2.4.3, the light source should be placed approximately 25 cm from the 

illuminated object, i.e. the plant. In order to achieve this, while only using one LED placed at a 

distance suitable for the plant’s full lifecycle, the construction has reflector panels. The reflector 

panels are made out of a support structure of acrylic plastic sheets and lined with aluminium foil 

in order to reflect light back into the system. These reflector panels hinder any ambient light from 

entering the system as well as any light from leaving the system. The panels also prevent wind 

from disturbing the system, this in turn also prevents the plant from using the wind to pollinate, 

which is why a fan is introduced in the system.  
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3Figure 3.1.1. CAD model of the construction, made in Autodesk Inventor. 

3.1.2 Sensors 

3.1.2.1 EC sensor 

The amount of nutrients present in the water tank is derived from measuring the EC level of the 

water solution, in accordance with Chapter 2. 3. The EC of the solution is found by measuring the 

resistance between two probes submerged in the fluid in water tank. The method used in this 

project will show the conductivity of all nutrients present in the solution, it cannot separate 

between them. The conductivity is affected by factors such as temperature of the water, naturally 

occurring particles in the water and pH value of the solution, all of which are disregarded in this 

project in alliance with the scope. 

 

The EC sensor was calibrated using room tempered tap water and mixed nutrient solutions, 

according to the nutrient suppliers’ recommendations. A strong correlation between mix and 

electrical conductivity was found, as can be seen in Table 3.1. The calibration experiment shows 

that an EC of lower than 0.23 should activate the nutrient dozer. 
2 

  



15 
 

Table 3.1. Readings when calibrating the EC sensor. 

Tap water 0.1 

Balanced nutrient solution 0.23 

Rich nutrient solution 0.37 

 

The EC sensor is powered by 12 V and is connected to the Raspberry Pi through a serial interface 

with a MCP3002 analogue to digital converter chip using the Raspberry Pi’s built in serial 

capabilities. The EC is measured every 45 minutes. 

3.1.2.2 Time 

The fan, LED and water pump are all controlled and activated periodically, therefore the 

microcontroller needs the time as input. The sensor is the built-in module time in Python which 

gives the exact time in seconds [25]. 

3.1.3 Actuators 

3.1.3.1 Water pump 

A high-capacity pump is used in order to periodically fill the inner container with water. This 

project uses a submersible bilge pump which has the capacity to pump 32 litres per minute and 

runs on 12 V [26]. The voltage provided to the pump is regulated through pulse width modulation. 

The water pump is activated every 45 minutes for 5 minutes. During the activation the inner 

container fills with water and in case of overflow the excess water flows back to the water 

container through a drainage pipe. When the pump is deactivated the water flows back to the 

water container through the bilge pump.  

3.1.3.2 Lights 

A LED lamp is used in the system to simulate sunlight because of its efficiency capabilities 

according to Chapter 2. 5. The LED produces warm white light and it emits light of 5250 lm 

which corresponds to illuminance more than 100 000 lux according to Equation 2.4.1. As stated 

in Chapter 2.4. Tomatoes grow naturally in direct sunlight of illuminance just above 100 000 lux. 

Therefore, the LED is sufficient for the intended purpose. The lamp runs on 220 - 240 V [27]. The 

LED is activated for 10 hours and deactivated for 14 hours, to simulate day and night. 

3.1.3.3 Nutrient dozer 

The nutrient solution is in a separated tank placed in the outer container. A 12 V peristaltic pump 

is used for dosage of nutrients to the water tank [29]. The peristaltic pump is activated through a 

transistor when readings from the EC sensor gives values below the limit. The system uses a 

proportional controller to decide amount of nutrient solution to be dosed. The peristaltic pump 

is activated the number of seconds corresponding to the difference between the reference value 

and the current value amplified by 100. 
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3.1.3.4 Fan 

According to Chapter 2.6 artificial pollination is a key factor to get competitive yields from tomato 

plants. In this project a fan is used to simulate wind and pollinate the plant. The fan runs on 12 V 

and is always activated [28]. 

3.1.4 Microcontroller 

This project uses a Raspberry Pi 3A+ as the controller in the system. The Raspberry Pi is powered 

with 5 V through a micro USB connector [32]. 

3.2 Software 

The software follows the structure presented in Figure 3.2 and is written in Python, it can be 

found in Appendix B. The script runs continuously for 24 hours every day. It starts by importing 

and reading the time. All the actuators, except the nutrient dozer, are activated periodically, with 

different intervals within the 24 hours. To achieve this finite state machines are used.  
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4Figure 3.2. Chart of the software structure for the Raspberry Pi, drawn in Lucidchart. 
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Chapter 4 

Results 
 
This chapter presents the data gathered. 

 

A hydroponic system has been successfully implemented in accordance with the scope specified 

in the first chapter. Although the EC-sensor gives distinct values corresponding to nutritional 

concentration in the growing medium, no assurance of its repeatability can be given due to lack 

of testing. With the current implementation, a stable EC value can be achieved at a level 

recommended from the manufacturer of the nutrients. In conclusion, the system operates as 

expected and has given satisfactory results. The system and plant can be seen in Figure 4.1 and 

additional images can be found in Appendix A. 

 

 
Figure 4.1. Picture of the plants state during the testing period  

 

   
5 
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Chapter 5 

Discussion and Conclusion 
 
In this chapter, the results are discussed together with the state of the system and a conclusion 

regarding hydroponic farming is made from the discussion. The purpose is to answer the research 

questions. 

5.1 Discussion 

5.1.1 Nutrition, pH and artificial light 

The prototype works according to the results of the data that has been gathered. Although the 

results are very promising, they are too insufficient to argue that the plant’s environment 

supports efficient plant growth.  

 

Nutrients are supposed to be at a stable level since the limit is the recommended mixture from 

the manufacturer of the nutrient solution. However, it is not possible to understand if the plant 

gets enough levels of important nutrients since the testing period has been too short. Nonetheless, 

the plant itself has not shown any signs of nutrient deficiency. Moreover, readings from the EC 

could be faulty due to temperature corrected, discussed in Chapter 2.3, which has not been 

considered in this prototype. More data needs to be gathered under a longer test period, 

throughout the plant's life cycle, to understand how it reacts to the nutrient solution. 

Furthermore, this is also the case for the level of pH in the solution. The results from the pH 

indicator papers show that the level is acidic, below seven. But the plant needs to gather nutrients 

from the solution for it to become more basic. Therefore, it is hard to conclude whether the 

nutrient solution itself creates a stable level of pH or if the plant has not absorbed enough 

nutrients from the solution to make it more basic. 

 

Artificial lighting is hard to measure since it is not possible to gather data for this prototype and 

measure how it affects the plant. Nevertheless, according to the theory, it shows good results. The 

plant itself does not show signs of light deficiency and source of the light, together with the 

reflector panels, is enough for it to get the light it needs.  

 

In conclusion, this hydroponic system enables an environment for the plant to survive but it is 

hard to tell if it is enough to support the plant throughout its life cycle since longer observations 

have not been done. 

5.1.2 Level of automation 

For the prototype to be operational an initial setup is required. This setup includes adding water 

in the water container, adding the nutrient solution to the required level in the water tank and 

adding the nutrient solution to the specific container in the hydroponic system. Lastly, the plant 

needs to be placed into its container in the hydroponic system. The system is fully automated 
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when the initial setup is done. However, this is only the case if the system behaves according to 

what was discussed in section 5.1.1. In theory, the system is supposedly automated when it comes 

to hydrating the plant, adding nutrients, adding lights as so forth. However, there are still other 

factors that need to be considered even if the level of nutrition, pH, and light are enough to create 

an acceptable environment for the plant.  

 

First off, plants need to be tended to for them to grow properly. Different types of seeds require 

different needs during their life cycle such as removing unnecessary knots from growing. Plants 

also need to be shaken to remove the unnecessary weight that adds onto the plant such as its own 

pollen. Secondly, for the plant to produce offspring’s it needs to be pollinated during the time 

when its stigma is receptive. A fan was added to the prototype to help in this case, but it is hard 

to emasculate the flowers despite that and make sure the flowers are pollinated properly. These 

factors require manual work, but most of this only needs to be done rarely. In the case with 

pollination, it only needs to be done once during each period of fertility.  

 

There is also the need for surveillance of the plant for this prototype to observe whether it suffers 

from nutrition deficiency or not. Even if data from the system shows that the level of nutrition is 

within reasonable levels other factors could affect the plant’s possibility to absorb nutrients. The 

plant’s ability to absorbs nutrients are affected by factors such as the level of pH in the solution, 

which needs to be checked manually. Therefore, some manual labour is needed for this prototype 

to make sure that the plant is under good condition by using pH indicator papers and by observing 

the colour of its leaves according to the theory in section 2.3. Furthermore, the case of water-

based illness is still a factor. This paper does not discuss how diseases of plants emerge and how 

to observe it without the assistance of human interaction and is therefore needed for this 

prototype. Lastly, there is also the need for human interaction when it comes to gathering yield.  

 

In conclusion, this system is mostly automatic when it comes to regular care of the plant such as 

hydration and fertilization. Yet, the prototype still needs assistance in its current state to observe 

the plant during its life cycle to make sure it produces a proper yield. Therefore, this prototype 

cannot eliminate manual labour during the plant’s entire life cycle. However, as mentioned above, 

these tasks are not frequently needed for the plant to produce a proper yield. There has not been 

any testing for how long it is safe to leave the system alone, but it is not unlikely that it needs to 

be attended to, at most, once per week. Therefore, this system could not be considered completely 

automatic but reduces the need for manual labour. 

5.1.3 Efficiency and economical aspects 

It was concluded from Section 2.8 that hydroponic systems have a high cost of investment. This 

barrier was discovered in this paper due to the complexity of the prototype’s design. The cost of 

actuators, time spent on construction and troubleshooting are several factors why hydroponic 

systems have a high cost of production. However, the design of this prototype is still in the early 

stage of development and further research could be conducted to make it less time consuming to 

assemble.  

 

Moreover, when conducting research for this paper, it was found to be rather difficult to find cost-

efficient sensors to measure the value of pH in the water solution. It was found that the need of 

measuring the level of pH in the water solution is vital to keep a proper environment for the plant. 
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However, adding that kind of sensor to the prototype drastically increases the production cost 

and therefore creating a trade-off whether it is worth adding this sensor or continuing conducting 

manual testing. Nevertheless, the discussion in section 5.1.2 concludes that manual labour is still 

required for this prototype due to the uncertainty of water-based illnesses and nutrient 

deficiency. By checking the value of pH for the system at the same time does not increase the time 

spent on labour drastically. However, by checking the level of pH manually further increases the 

system’s dependency on manual labour. Therefore, the cost of manual labour is still to be 

considered a factor for this prototype.  

 

In addition, it cannot be ascertained how many individuals that are needed to attend this 

prototype if used with several units in production. Further research is therefore required. It is 

also difficult to determine how much time was spent on maintaining the hydroponic systems from 

the articles that were presented in Section 2.8. If they were attended to as frequently as every day 

of the week then the prototype, presented in this thesis, will contribute to a major labour 

reduction.  

 

Another part that needs mentioning is the stability of the construction. This prototype is not 

stable and cannot have other similar systems stacked on top of each other. Therefore, it needs to 

be placed in a shelf to be able to stack several units on top of each other which will reduce its 

space efficiency. This flaw is due to the poles that hold the lamp that could easily bend and break. 

If this part is attended to, this prototype enables a very space efficient solution.  

 

In conclusion, this prototype does contribute some efficiency when it comes to automating the 

tasks related to maintaining the plants. Nonetheless, it is difficult to determine how major impact 

this will have on the overall production cost if this prototype is used on a larger scale. 

5.2 Conclusion 

This thesis has presented promising results regarding the automation of a hydroponic system. It 

is possible to make it remotely accessible by sending information from the prototype’s 

microcontroller to a host computer to control it remotely by using a VNC-software from the same 

host computer. However, this prototype cannot be considered fully automatic since several 

important observations need to be done manually and can therefore not exclude human 

interaction. The first research question is thereby answered. It is possible to make it remotely 

accessible but cannot exclude human interaction completely and be considered fully automatic.  

 

Furthermore, the design of the hydroponic system is not cost-efficient. It is hard to manufacture 

and some parts, such as its actuators, are expensive to buy. This prototype cannot exclude human 

interaction, manual labour is needed and contribute to the overall cost. Although, it cannot be 

concluded how much labour is needed compared to the statistics discussed in section 2.8. Since 

the prototype itself is also rather vulnerable to external forces, it needs some sort of shelf if similar 

systems need to be stacked on top of each other. This contributes to space inefficiency which 

lowers the systems overall efficiency. Thereby the second research question is answered.  

 

This prototype does not affect the overall operation efficiency of hydroponic plants to a great 

extent since it is still in need of manual labour and is not space efficient. However, the system is 

promising and further research with longer test periods could show that operation efficiency may 
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increase if the need of manual labour is considerably less for this specific system compared to 

more commonly used hydroponic systems. 
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Chapter 6 

Recommendations and Future Work 
This thesis encountered several problems that could be solved with some future work and, or, 

recommendations. First off, as discussed overall in section 5, more research needs to be 

conducted regarding the nutritional inflow to the system. In theory, the system itself could be self-

sustained through its mechatronic components. However, there are too many factors that could 

influence the organic plants which needs to be observed. Over time, a better understanding of 

how plants absorb nutrients and how well they defend themselves from water-based illnesses, 

could be reached.  

 

It is also important to understand how stable the environment for the plant is if they are left over 

time only observed with trivial solutions such as reading electrical conductivity, using a pH 

neutral nutrient solution and having an LED lamp and reflector panels to create artificial light. If 

these factors are reliable then the need of frequent manual labour could be eliminated. This issue 

may also be solved if cameras are added to the system, so it is possible to observe the plant from 

a remote position and therefore eliminate the need of physical interaction if it is not necessary.  

 

Furthermore, the construction itself could be more reliable if using a better construction 

methodology and more reliable parts in the assembly. More research could also be conducted 

regarding the initial costs of this system if parts are bought in higher quantities using economies 

of scale.  

 

Lastly, the problem with measuring the level of pH could be solved if it is possible to find a sensor 

that is not too expensive nor too sensitive to external errors. This could be solved by using the 

same kind of system that was used in the bachelor’s thesis presented in section 2.3. However, that 

project experienced problems with external errors when the sensor was added together with 

another sensor that measured the electrical conductivity. It could be possible to solve this by 

using an EC sensor which is not creating a powerful enough current to disturb the pH sensor. It 

could also be solved by creating a software that uses the sensors more periodically and not 

simultaneously. 
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Appendix A 

Images 

 
6Figure A.1. Rendered CAD image of bilge pump and peristaltic pump. 

 

 
7Figure A.2. Rendered CAD image of LED and reflector screens simulating sun.  
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8Figure A.3. The construction and plant. 
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9Figure A.4. Picture of the construction and plant. 
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Appendix B 

Raspberry Pi Code 

main.py 

## 

main  

# Coded for Raspberry Pi 3A  

# Bachelor's thesis in mechatronics, Internet of things and automated farming  

# Copyright (2019): Jonas Jungåker, Niklas Ahlqvist and Agnes Perrin  

##   

   
## Using  

from InputInterface import AnalogInput  

from OutputInterface import DigitalOutput, AnalogOutput  

from datetime import datetime, timedelta  

from GUI import GUI  

   
## Constants  

# Pins corresponding to the BCM numbering on the raspberry pi 3  

FAN_PIN = 21  

BILGE_PIN = 18  

LAMP_PIN = 20  

DOSE_PIN = 15  

# Analog input channel of the MCP ADC  

EC_CHANNEL = 0  

   
## Parameters for tuning the system  

# Intensity of the high-capacity pump, 1 corresponding to 12V and 0 to 0V  

BILGE_INTENSITY = 0.15  

# Seconds where the high-capacity pump is in corresponding state  

BILGE_LOW_PERIOD = 2200  

BILGE_HIGH_PERIOD = 300  

# Between what hours the lamp is turned on  

LAMP_START_HOUR = 8  

LAMP_END_HOUR = 18  

   
## SPECIALS  

# Amplifier for the nutrition controller  

NUTRIENT_AMP = 100  

# Reference value for the ec sensor  

EC_REFERENCE = .23  

   
## Flags 
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running = True  

newCycle = False  

   
def main():  

    # Define outputs and inputs  

    fan = DigitalOutput(FAN_PIN)  

    bilge = AnalogOutput(BILGE_PIN)  

    lamp = DigitalOutput(LAMP_PIN)  

    dose = DigitalOutput(DOSE_PIN)  

    ec = AnalogInput(EC_CHANNEL)  

   
    # Define gui and exit condition  

    global running  

    gui = GUI(onExit)  

   
    # Initialize variables  

    t0 = datetime.now()  

    # Fan variables  

    fanState = 0  

    tFan = t0  

    # High capacity pump variables  

    bilgeState = 0  

    tBilge = t0  

    # Lamp variables  

    lampState = 0  

    tLamp = t0  

    # EC and dosepump variables  

    nutritionState = 0  

    tNutrient = t0  

    latestEC = 0  

    global newCycle  

      

    while running:  

        # Controller Updates  

        fanState, tFan = updateFan(fanState, tFan, fan)  

        bilgeState, tBilge = updateBilge(bilgeState, tBilge, bilge)  

        lampState, tLamp = updateLamp(lampState, tLamp, lamp)  

        nutritionState, tNutrient = updateNutrition(nutritionState, tNutrient, 

dose, ec)  

          

        # Check for doseupdate, if a high-capacity pump cycle has passed, a 

dosecycle will activate  

        if newCycle:  

            nutritionState = 1  

            newCycle = False  
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        # GUI Updater  

        gui.update()  

      

    # Destroy the GUI at exit  

    gui.destroy()  

   
## Updates  

def updateFan(fanState, tFan, fan):  

    # Fan Controller  

    # Always set to high  

    if fanState == 0:  

        fan.setLow()  

        fanState = 1  

    elif fanState == 1:  

        fan.setHigh()  

    else:  

        # Exception case  

        raise Exception  

    return fanState, tFan  

   
def updateBilge(bilgeState, tBilge, bilge):  

    # Bilgepump Controller  

    # Switches between states as soon as currentTime > tBilge  

    currentTime = datetime.now()  

    if bilgeState == 0:  

        bilge.setState(0)  

        if (tBilge - currentTime).total_seconds() < 0:  

            bilgeState = 1  

            tBilge = currentTime + timedelta(seconds = BILGE_HIGH_PERIOD)  

    elif bilgeState == 1:  

        bilge.setState(BILGE_INTENSITY)  

        if (tBilge - currentTime).total_seconds() < 0:  

            global newCycle  

            newCycle = True  

            bilgeState = 0  

            tBilge = currentTime + timedelta(seconds = BILGE_LOW_PERIOD)  

    else:  

        # Exception case  

        raise Exception  

    return bilgeState, tBilge  

   
def updateLamp(lampState, tLamp, lamp):  

    # Lamp Controller  

    # Sets high while current hour is between start-hour and end-hour  

    currentTime = datetime.now()  

    if lampState == 0: 
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        lamp.setLow()  

        if currentTime.hour >= LAMP_START_HOUR and not currentTime.hour >= 

LAMP_END_HOUR:  

            lampState = 1  

            tLamp = currentTime  

    elif lampState == 1:  

        lamp.setHigh()  

        if currentTime.hour >= LAMP_END_HOUR:  

            lampState = 0  

            tLamp = currentTime  

    else:  

        # Exception case  

        raise Exception  

    return lampState, tLamp  

   
def updateNutrition(nutritionState, tNutrient, dose, ec):  

    # Nutrition Controller  

    # Reads the current ec value and doses the system with nutrients so that the  

    # system returns to reference value ec  

    currentEC = ec.read()  

    currentTime = datetime.now()  

      

    if nutritionState == 0:  

        dose.setLow()  

    elif nutritionState == 1:  

        # nutritionState gets set to 1 outside of this context  

        # if it is set to 1, one dose cycle is executed  

        # it then waits for the parameter to be set to 1 again  

        tNutrient = (timedelta(seconds = calculateDose(currentEC)) + 

currentTime)  

        if tNutrient < currentTime:  

            nutritionState = 0  

        else:  

            nutritionState = 2  

    elif nutritionState == 2:  

        dose.setHigh()  

        if (tNutrient - currentTime).total_seconds() < 0:  

            nutritionState = 0  

    else:  

        # Exception case  

        raise Exception  

    return nutritionState, tNutrient  

   
## Helpers  

def onExit():  

    global running 
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    running = False  

   
def writeEC(data, time):  

    with open("ecValues.csv", "a") as file:  

        file.write(str(data) + "," + str(time) + "\n")  

   
def calculateDose(ecValue):  

    # P-controller, amplifies the difference between the current value and the 

reference value  

    # uses this to find the correct dose of nutrients  

    t = NUTRIENT_AMP*(EC_REFERENCE-ecValue)  

    print(t)  

    if t > 0:  

        return t  

    return False  

   
main() 

InputInterface.py 

## 

InputInterface  

# Coded for Raspberry Pi 3A  

# Bachelor's thesis in mechatronics, Internet of things and automated 

farming  

# Copyright (2019): Jonas Jungåker, Niklas Ahlqvist and Agnes Perrin  

##   

   
# Reads from a MCP3002 ADC using the gpiozero library  

from gpiozero import MCP3002, Button  

   
class AnalogInput:  

    # class for reading analog inputs from an MCP3002 ADC  

    # pins for serial communication  

    # GPIO11 == clock pin  

    # GPIO10 == MOSI pin  

    # GPIO9 == MISO pin  

    # GPIO8 == select pin  

    def __init__(self, channel):  

        self.interface = MCP3002(channel = channel)  

   
    def read(self):  

        return self.interface.value  

   
class DigitalInput:  
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    def __init__(self, pin):  

        self.interface = Button(pin)  

          

    def read(self):  

        return self.interface.is_pressed 

OutputInterface.py 

## 

OutputInterface  

# Coded for Raspberry Pi 3A  

# Bachelor's thesis in mechatronics, Internet of things and automated 

farming  

# Copyright (2019): Jonas Jungåker, Niklas Ahlqvist and Agnes Perrin  

##   

# Sets up an interface between the code and physical outputs on the 

Raspberry  

# Digital Outputs have two (2) states, either High or Low which can be 

set using  

# methods output.setLow() or output.setHigh()  

# Analog Outputs simulate analog values using PWM, these can be set 

using floating point numbers  

# they can be set using the method output.setState(value) where value 

is a floating point  

# number between 0 (zero) and 1 (one)  

#   

# the state of an output can be read using the output.getState() 

method  

   
# using gpiozero library  

from gpiozero import LED, PWMLED  

   
class DigitalOutput:  

    # digital output pin, can be set either high or low  

    def __init__(self, pin):  

        self.interface = LED(pin)  

        self.state = None  

        self.setLow()  

   
    def setHigh(self):  

        self.interface.on()  

        self.state = True  

        return True  

   
    def setLow(self):  

        self.interface.off() 
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        self.state = False  

        return False  

   
    def setState(self, state):  

        if state:  

            return self.setHigh()  

        else:  

            return self.setLow()  

   
    def getState(self):  

        return self.state  

   
class AnalogOutput:  

    # Analog outpiut pin using pwm modulation  

    def __init__(self, pin):  

        self.interface = PWMLED(pin)  

        self.state = 0  

        self.update()  

   
    def update(self):  

        # updates the value of the analog output  

        self.interface.value = self.state  

   
    def setState(self, state):  

        # takes state as a floating point value between 0 and 1  

        # 1 being fully on, 0 being fully off  

        self.state = state  

        self.update()  

   
    def getState(self):  

        return self.state 

GUI.py 

## 

GUI  

# Coded for Raspberry Pi 3A  

# Bachelor's thesis in mechatronics, Internet of things and automated farming  

# Copyright (2019): Jonas Jungåker, Niklas Ahlqvist and Agnes Perrin  

##   

# The GUI uses the built-in code tkinter  

# Acts as a slave to a master program which defines handles, eventbinders and 

all metadata  

   
## Using  

import tkinter as tk 
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from datetime import datetime  

   
## Classes  

class GUI:  

    # Class for managing the GUI of the program including all control elements 

and info elements  

    def __init__(self, exitHandle):  

        self.root = tk.Tk()  

        self.app = Application(master = self.root)  

        self.root.protocol("WM_DELETE_WINDOW", exitHandle) # sets the exithandle 

to whatever is specified  

        self.t = datetime.now()  

        self.updateFreq = 1  

   
    def destroy(self):  

        # Method for closing the GUI  

        self.root.destroy()  

   
    def update(self):  

        # Method for updating the GUI, this is implemented instead of the 

mainloop method in tk  

        self.app.update()  

        self.root.update_idletasks()  

        self.root.update()  

        # Update frequency, not yet used in any particular way  

        newTime = datetime.now()  

        self.updateFrequency = 1/(newTime - self.t).total_seconds()  

        self.t = newTime  

          

class Application(tk.Frame):  

    # Frame for holding all other frames  

    def __init__(self, master = None):  

        super().__init__(master)  

        self.master = master  

        self.pack()  

        self.createWidgets()  

   
    def createWidgets(self):  

        # Initializes and packs all widgets  

        self.info = InfoPanel(self)  

        self.control = ControlPanel(self)  

   
        self.info.grid(row = 0, column = 0)  

        self.control.grid(row = 0, column = 1)  

   
    def update(self): 
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        self.info.update()  

          

   
class InfoPanel(tk.Frame):  

    # Frame for holding all information elements which read from the code  

    def __init__(self, master = None):  

        super().__init__(master)  

        self.master = master  

          

        self.createWidgets()  

        self.update()  

   
    def createWidgets(self):  

        # Initializes and packs all widgets  

        self.timeLabel = tk.Label(self)  

        self.lampStatusLabel = tk.Label(self)  

        self.bilgeStatusLabel = tk.Label(self)  

        self.perisStatusLabel = tk.Label(self)  

        self.ecStatusLabel = tk.Label(self)  

   
        self.timeLabel.pack()  

        self.lampStatusLabel.pack()  

        self.bilgeStatusLabel.pack()  

        self.perisStatusLabel.pack()  

        self.ecStatusLabel.pack()  

   
    def update(self):  

        ### Not implemented in this release of the code  

        timeText = "Current Time: %s" % datetime.now()  

        lampText = "Lamp status: not implemented"  

        bilgeText = "Bilgepump status: not implemented"  

        perisText = "Peristaltic pump status: not implemented"  

        ecText = "EC reader status: not implemented"  

   
        self.timeLabel["text"] = timeText  

        self.lampStatusLabel["text"] = lampText  

        self.bilgeStatusLabel["text"] = bilgeText  

        self.perisStatusLabel["text"] = perisText  

        self.ecStatusLabel["text"] = ecText  

   
class ControlPanel(tk.Frame):  

    # Frame for holding all control elements which interact with the code  

    def __init__(self, master = None):  

        super().__init__(master)  

        self.master = master  
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        self.createWidgets()  

   
    def createWidgets(self):  

        # Initializes and packs all widgets  

        self.startButton = tk.Button(self, text = "Start")  

        self.stopButton = tk.Button(self, text = "Stopp")  

   
        self.startButton.pack()  

        self.stopButton.pack()  

   
    def bindEvents(self, stopEvent, startEvent):  

        # Method which should be called from the main program in order to bind 

events to controllers  

        self.startButton.command = startEvent  

        self.stopButton.command = stopEvent  

   
   
## Tester  

def main():  

    Pass  

      

if __name__ == "__main__":  

    main() 

readEC.py 

## 

readEC  

# Coded for Raspberry Pi 3A  

# Bachelor's thesis in mechatronics, Internet of things and automated farming  

# Copyright (2019): Jonas Jungåker, Niklas Ahlqvist and Agnes Perrin  

##   

# Used to test the values of the ec sensor  

# Used to calibrate the ec sensor  

   
from InputInterface import AnalogInput  

from time import sleep  

   
def main():  

    ec = AnalogInput(0)  

    while True:  

        print(ec.read())  

        sleep(.5)  

   
          

main() 
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