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ABSTRACT 

 

 

 Nowadays Internet of Things (IoT) technology is one of the fastest growing fields in 

different domains including agriculture. IoT improves the quality of our lives by bringing and 

fostering changes in many fields of activities to make them become handy, smart and endowed 

by sufficient artificial intelligence. Thanks to this technology, Smart farming systems know a 

cultural change toward modern agriculture which is more productive, consuming less water and 

even cheaper. The main goal of my project is to use IoT in the agriculture field in order to collect 

data instantly (soil Moister, temperature…), which will help one to monitor some environment 

conditions remotely, effectively and enhance tremendously the production and therefore the 

income of farmers. The present prototype is developed using Arduino technology, which 

comprise specific sensors, and a Wifi module that helps to collect instant data online. Worth 

mentioning the testing of this prototype generated, highly accurate data because while we were 

collecting them remotely any environmental changes were detected instantly and taking in 

consideration to make decisions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



8 

Chapter I: Project Background 

 

Introduction: 

The present project deals with smart farming system, which would allow farmers access to live 

data such as temperature, humidity, and soil moister. The report is structured as follows:  

The first chapter is a general knowledge about the IOT technology and the project’s topic. The 

second chapter contains the steeple analysis, feasibility study, project’s requirements, 

specifications, methodology used, project’s design process, implementation, components and 

technologies used, developed algorithms, the future scope and conclusions.    

IoT and agriculture: 

IoT contains a solid mainstay of several technologies that enable networks of wireless sensors 

such as, embedded systems, big data, cloud computing, web services, and computer networking 

and protocols. 

In agriculture’s fields Internet of Things have several benefits, encompassing: 

 The various sensors designed for this specific field of farming that gives the opportunity 

to work remotely on many projects related to agriculture. 

 The different used sensors help instantly to collect and store data easily in cloud 

computing services. These live data can be accessed promptly and from any intelligent smart 

device. 

 As approved by experts, farmers can use the IoT systems to increase their productivity as 

well as the quality of their products [5].  

 In fact, it increases profits/incomes and reduces significantly their costs. 

 Having access promptly to exact accurate data helps in increasing the efficiency level in 

the use of water, pesticides, and fertilizers amounts managements. 
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 Thus, IoT would help in protecting the environment and ecosystems as well. 

Literature Review: 

 

 According to Andrew Moela [4], in the next decades, the farming industry is expected to 

become more important than any other time before. 

 It is expected by the United Nation that the world population of the world by 2050 would 

reach 9.7 billion, which would require a rise in the global agricultural goods production in 

agriculture to about 69%. To reach this vision goal, farming companies started to adopt the 

Internet of Things for accurate analysis and higher better production of agricultural goods. 

 The IoT is a technology that came out to help in pushing agricultural fields into a higher 

level. Nowadays, smart farming is already adopted by a number of modem farmers and its use is 

increasing and becoming more and more common among the new generation of educated young 

farmers. In the modern agriculture the use of sensors, drones, and high-tech agriculture 

technologies is becoming quickly the new norm [4]. 

 

 The collection and the analysis of big data in agriculture will represent a very big deal in 

the future of modem farming, in preserving ecosystems and it would help the overall production 

growth of developing countries, such as Morocco. In fact, IoT technology offers more benefits in 

the real life. Researchers are doing more investigations into this technology toward a wider use 

and for a maximum of profits [4]. 
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Chapter II: Steeple Analysis 

 

The steeple analysis is a process that helps to make the right decision by considering seven factors 

(Societal, Technology, Environment, Ethics, Political, Legal, and Economic). These variables show 

the benefits and disadvantages of the products or of the companies. This step is very important to 

discover the threats of your products and also to highlight their strengths and benefits. Therefore, in 

this project I will use this method to analyze some macro-environmental factors: 

 

Figure1. Steeple analysis 

• the agriculture field is nowadays one of the most important 
fields especially in morocco, and farmers are all seeking new 
devices and technologies for better production.

Social

• IoT technology simplifies the functionality of many systems, it 
is serving in the evolution of many fields. This advanced and 
new technology helps developing many projects used in real 
life and many of them in the agriculture field.

Technology

• The smart farming system encourages the use of renewable 
energies which make it environmentally friendly, and it helps in 
protecting the environment.

Environment

• the smart farming project respects the code of ethics, It is 
totally safe and secure for farmers, also the data collected must 
be secure and protected

Ethics

• the independence of countries in the agriculture field and 
goods trading when there is more production.Political

• In Moroccan, laws related to renewable energies discuss the 
use of low voltage. The smart agriculture system respects the 
Moroccan laws.

Legal

• The use of IoT technology affects the economy because of 
lowering the cost of the product, this later will itself help in the 
increase of production and incomes.

Economic



11 

Chapter III: Requirements specifications 

 

Functional Requirements 

The functional requirements indicate the functions and services of the present system. They 

describe the behaviour of the system in relation to the needs: 

• Measure Temperature. 

• Measure soil moister. 

• Display the sensor readings on the LCD screen. 

• Calculating the date and time. 

• Irrigating the soil if needed. 

• Turning on the fan if needed. 

 

Non-functional Requirements: 

The non-functional requirements for the present system consider the following: 

• Availability: 

The proposed product can be available and operable successfully all the time. 

• Reliability:  

The system provides an accurate measurement of data, and it can have a longer lifespan. 

• Maintainability:  

The present system can be improved easily by integrating new components with enhanced 

features. 

• Simplicity: 

The proposed system is user friendly. The usage of this product doesn’t require any prior 

learning. 
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Chapter IV: Feasibility Study 

Feasibility analysis begins once the objectives are defined. It starts by proposing different 

prototypes, test them, bring modifications to improve them and ultimately keep the most 

promising one.   

 Our analysis should provide us with enough information to make reasonable estimations 

concerning the project cost as well as indications on how the new system will respond to user’s 

specific requirements. We will be flexible in the sense that if we notice that we are not going to 

reach the specified initial goals to propose new ones that we deem appropriate.  

 In the feasibility analysis, we will focus on the most promising prototype that should be 

efficient and affordable taking in consideration the followings: 

 The Economic Feasibility: 

In this project, I will consider the cost of the material to be used in the development of our new 

system as well as the fees related to the field work. Regarding the materials, I bought the 

different components of Arduino (Nodemcu ESP8266  board, power supply, temperature sensor, 

humidity sensor, soil moister sensor, LCD display, cables, resistances, and a watering pomp). 

Metal/ Plexiglas, nails/ screws, plastic cover, peat, seeds/plants and drip irrigation for fertigation 

were also purchased. The total cost to buy the different materials and Arduino components is 

around 2500dhs. 

Then, I developed a 40x60 cm prototype and arranged it in such way that I can test remotely the 

effect of some factors on plants growth, such as soil moister, temperature, etc.  

 The Technical feasibility: 

For the technical feasibility part, Arduino components and chips are used. Technical evaluation 

should assess whether the needed Arduino components are available and if I will be able to 



13 

combine and program them toward a functional final device. Worth mentioning, this was 

perfectly achieved as it will be shown in my final report. 

  Operational Feasibility: 

This system will be quite easy and simple to operate. Therefore, no special training should be 

given to farmers. Technical performance should address issues related to the system information 

accuracy, and provided promptly and remotely through a wireless service. 

 Schedules and timelines:  

The timetable below shows the estimated allocated duration of each task.  

The period of execution and completion of the present project is supposed to be from February 

3rd to March 21st.  

Figure 2. Timetable 
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Chapter V: Methodology & Design 

 

 The design of the project comes right after we are done with the project’s analysis. Our 

system will be implemented based on many small functions. These functions should be capable 

to perform specific tasks. The whole system is the sum of all those functions. Therefore, our 

strategy is to use the function oriented design. DFD design process can be used to depict how 

functions change data and state of the entire system functions. 

 The implementation will go along with the testing to make sure that all functions are 

implemented properly. Still we are going to test in a field with pre-existing data and compare 

these results to ours, using our new system. We can then go further and test in different fields to 

see the level of accuracy in different types of soils. Given that we have several functions, several 

tests can be performed, so we may have to test each function at a time to make sure that all of 

them work correctly and give accurate outputs. Finally, we will test all of them together at the 

same time in a single system, knowing that some functions can be related to others so we may 

not separate them in the testing. 

 By implementing this system, agricultural lands, parks, gardens, golf courses and AUI’s 

gardens can be irrigated in a more automated and efficient way. In addition, our system will be 

cheaper and safe, compared to other automated systems. While implementing this project, the 

user requirements and specifications will be taken in consideration, as well as respecting the 

design method and the testing strategy would be concisely developed. 
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The Diagram of the overall process: 

 

 

Figure 3. Design Diagram 
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Chapter VI: Description of the smart farming system 

        Definition of the Smart Based System: 

 

 The Smart Farming system is a project depending on IoT technology, using 

Arduino. To develop this project, I used many Arduino’s hardware components, including 

NodeMcu module as the main grid or the microcontroller, and that will connect to Wi-Fi. Other 

different sensors such as, temperature sensor (LM35), soil moister sensor, LCD, relay, RTC 

module for date and time. In addition to some connectors and wires. All these components will 

be connected based on a specific circuit. For the software part, I used the Arduino application 

that uses C++ code. The code considers several libraries each one is related to specific 

component or sensor. I created also a web server where data collected would appear instantly and 

this by adding an HTML, CSS and JavaScript code.  

 The Hardware Components: 

1. Components and Modules 

 

  In this part, I will define all the hardware components used in this project. The 

components are mainly composed of the sensors and the grids linked with cables. 

1.1.  NodeMcu ESP8266: 

 

The ESP8266 NodeMcu is a microcontroller that allows connecting to Wi-Fi.  

The ESP8266 can be programmed in several ways: 

  With Lua scripts, interpreted or compiled, with NodeMCU firmware 

  In C ++, with the Arduino IDE 

  In JavaScript, with the Espruino firmware 

  In MicroPython, with MicroPython firmware 

  In C, with the Expressive SDK or with the esp-open-sdk3 SDK 
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Figure 4. Nodemcu [3] 



19 

1.2. LM35: 

 

The LM35 sensor is a precision integrated-circuit temperature device, contains an output voltage 

compatible with the Centigrade temperature. It is: 

• Calibrated Directly in Celsius  

• Linear  

• 0.5°C Ensured Accuracy (at 25°C) 

• −55°C to 150°C Range 

• Suitable for Remote Applications 

• Low-Cost  

• Operates From 4 V to 30 V 

• Low Self-Heating 

 

 

 

 

Figure 5. LM35 [6] 
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1.3. Soil Moister Sensor : 

The soil moisture sensor composed of two probes used to measure the volume of water in the 

soil. These two probes permit the current to cross the soil, and then measure the moisture value 

from the resistance value. 

More electricity will be conducted from the soil if there is a big amount of water. 

Therefore, the resistance would decrease and the moister level would increase. If the soil is dry, 

the conducted electricity is poor, which means there are more resistance and therefore less moist 

level.  

The soil moisture sensor has the following specifications: 

 

 

 

 

 

 

 

                          

 

 

 

 

 

Figure 6. Soil moister sensor [1] 
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RTC Module DS1302 : 

 

  RTC Module is a real-time clock that allows getting the instant date (day, 

month, and year) and timing (hours, minutes, and seconds). 

Features of the RTC Module: 
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Technical Specifications 

 

 

 

Figures 7.  RTC Module [1]  
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1.4. relay : 
  The relay is a component having three edges that are VCC (voltage), GND and TTL 

attached to the Nodemcu. I used two relays, the first one gets the soil moister data from the 

Nodemcu, it is “ON” when the soil is dry (soil moister voltage is high), in order to operate the 

watering pomp, and it is “OFF” when the water level is enough in the soil (soil moister voltage is 

lower). The second relay turns on the fun when the temperature is very high. 

Characteristics of the relay: 

 

See Figure 8 in Appendix 

 

1.5. LCD Module: 
 

  The LCD display screen with the I2C communication interface. It is able to display 2 

lines and 16x2 characters. Arduino LCD display projects usually run out easily of pin resources, 

and its wiring connection is also quite difficult. The I2C LCD display contains only 4 pins: VCC, 

GND, SDA, and SCL. It will save at least 4 digital/analog pins on Arduino. 
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LCD Module specifications: 
 

 

 
 

 

 

Figures 9. LCD [2] 

https://www.dfrobot.com/product-135.html
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1.6. Connectors: 

I used different wiring types and connectors to build this prototype and link all my 

components together. These connectors used are the following:  

 

See the pictures in the Appendix. 

 

 

1.7. Power supply : 

 
  For the power or the energy source, I choose to use a solar renewable clean energy as a 

source of power for my prototype. A solar panel is used as an additional source of electricity 

(solar energy EP-0606A), with the following characteristics: 

 

 

 

 

 

 



26 

 

See the solar  panel figure in the Appendix (Figure 14) 
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Description of Circuit: 

  

In our project’s circuit the programmed NodeMcu grid is connected with all different 

components: soil moisture sensor, temperature sensor, LCD screen, RTC module, and Relay 

modules. NodeMcu is also used as a Wi-Fi module. This model works based on collecting data 

from all the sensors and sending them to the NodeMcu. The NodeMcu gives the updates of data 

in web server through cloud computing. The real time data comes through Wi-Fi to the web 

server which we can access by typing the address IP given to the Wi-Fi module (NodeMcu) in 

any web browser. The Nodemcu also send data to the LCD and to the two relays. One relay is 

connected to the pump and the other to the fan. 

 

Figure 15. circuit 
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The following are the wiring information between each component and the 

NodeMcu module: 

 

• Temperature sensor: 

GND –GND 

Vs – 3.3 V 

Vout – D4 

 

• Soil Moister Sensor: 

GND – GND 

VCC – 3.3V 

A0 – A0 

 

• Relay1 (for the pump):  

GND – GND 

VCC – 3.3V 

In  – D8 

 

• Relay2 (For the fan):  

GND – GND 

VCC – 3.3V 

In  – D7 

 

• RTC Module: 

  VCC – VIN  

  GND – GND  

  CLK – D0 

  DAT – D6 

  RST – D5 

• LCD screen: 

 GND – GND  

 V – VIN 

SDA – D2 

 SCL – D1 
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The Prototype: 

I called prototype all the hardware components within the small field I built. This 

prototype contains a small greenhouse that I built using metal and Plexiglas and 

where I’ve grown my plants. I equipped this greenhouse with the Arduino 

components all together in a small box, another box of power supply unit, a solar 

panel, a fan, a watering system and a small lamp. The Arduino unit can work either 

using the solar energy or electricity.  

• The electric box : See the figure 16 in the Appendix 

• The greenhouse : See the figure 17 in the Appendix 

 

The Software Component:  

 Smart Farming system was developed using the Arduino Software (IDE) 

which enable to write the code and upload it to a microcontroller board (Arduino 

Uno or NodeMcu…). It can be installed and run in Windows, Linux or Mac OS. 

This environment is written in languages C and C++. 

 

 

 

 

 

Figures 18. Arduino IDE 
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Chapter VII: Web Server: 

 

 The web server is a web page that I can access using the IP address of the 

Nodemcu, it can be open in any browser but only using the same internet that the 

Nodemcu uses.  This web server was created using html, css and javascript. But 

it’s code is used within the Arduino code and printed using C++ language (the 

code is presented and explained below in the algorithm section). The data collected 

using the hardware component is displayed instantly in this web server and 

projected. It will be refreshed every 10sec to show the new data. 

 

          

 

Figures 19. Web server 



31 

Chapter VIII: THE DATABASE MODULE: 

 ENTITY RELATIONAL DIAGRAM (ERD): 

 

   This is the ERD for the smart farming system: 

 Entities: Nodemcu, Soil Moister Sensor, LM35, LCD, Relay1, Relay2, Database. 

 The cardinality: Many to many 

 Most importantly, the Database table have 3 attributes that represents the data stored 

which are: The soil moister (result1), the temperature ( result2), and the time & date (result3).  

For this later, we can select, modify or add the data. 

 

Figure 21. ERD Diagram 
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 Normalization: 

 Normalization is a database design technique. It organizes tables in order to reduce 

useless data and dependency of data, by dividing larger tables into smaller ones and links them 

using relationships to ensure logical storage of data. 

 

1NF (first normal form): 

All rows have column with only one value, and the values are atomic: 

 

Temperature Soil Moister Time & Date DAY Month Year  Hour  Minute  Sec  

 

2NF (second normal form): 

No non-prime attribute depends on a subset of the primary key. Therefore, there is no partial 

dependency in data 

 

 

 

 

 

  

3NF (third normal form):

 

 

 

    

 

Time & Date DAY Month Year  Hour  Minute  Sec  

Temperature Soil Moister Time & Date 

Temperature Time & Date 

(primary key) 

Soil Moister Time & Date 

(primary key) 

Time & Date 

(primary key) 

DAY Month Year  Hour  Minute  Sec  
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Database Implementation: 

 Smart Farming System Database is implemented using Firebase, because it is a real time 

database. 

 I used Nodemcu Firebase. I created a new project in my firebase account. To store the 

data in firebase, I went through the following process:  

• I downloaded new libraries in the Arduino IDE : (FirebaseArduino.h), (ArduinoJson.h).   

• For user authentication to Firebase, I used the secret code (from firebase account) , and 

the firebase host (https://arduino-d7791.firebaseio.com/), I defined them in my code then 

call them in the setup for authentication.  

•  I created the variables I need in the firebase project, then in the code I can set the values 

of those (similar) variables to be instantly stored.  

 

Figure 20. Firebase 

https://arduino-d7791.firebaseio.com/
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Chapter IX: Algorithms and Flowcharts: 

 

 Algorithms: 

Libraries used and the defined pins: 

 

 

 

 

 

 

Library for serial display 

Library for temperature sensor 

Library for LCD screen 

Library for Firebase 

Library for Firebase (Json) 

Library for Nodemcu 

Library for clock module 
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Initializations of Wi-Fi details, Firebase authentication and other pins: 

 

 

Few functions related to the relay & the start of the setup function: 
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The setup function: Wi-Fi Connection, serial begin, begin LCD, server begin, Firebase 

begin : 
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Begin the loop where all sensors will start sending data and refreshing it with a delay of 

1000ms: 
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The html code for the web server: 

 

Head of web server: 
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Styling of web server (CSS): 

 

Body of web server code: 
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The web server will be refreshed with a delay of 10ms. 
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FLOWCHART:  

Figure 22. Flowchart 
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Chapter X: Technologies Enablers: 

 

 

 

 

 

Arduino IDE used to implement the algorithm and run it 

to program the Nodemcu 

 

 

 

Firebase used for data storage 

 

 

 

Online tool used to design diagrams 

 

 

 

Excel used to draw the Flowchart 

 

 

 

EasyEda used to draw the circuit 
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Chapter XI: CONCLUSIONS: 

Conclusion: 

 This capstone project gave me the chance to learn new technologies and work with new 

tools, this was a real proof that AUI has taught us to be long-life learners and to master self-

learning before teaching us other class materials. Of course, this project is a combination of what 

I learned from all my computer science classes, the programming languages, the database 

systems and the engineering process that is important in any engineering project, all together 

with what I learned from other disciplines and also by myself about IoT and the use of Arduino 

helped me to build an embedded system.  

In general, the project was successful and worked properly and succeeded in delivering the 

prototype on due time. I am proud and happy for this achievement especially that this is my first 

real big theoretical and practical project. It enabled me to get concrete results and to realize that I 

can indeed build products that would be beneficial in real life and that I can customized upon 

demand as future projects. 

Future work: 

For future work there are many features to develop or add to the prototype: 

• Adding a Mobile Application for Android to make it easier to access data remotely and 

where data can be stored easily. 

• Develop an IOS version of the previous application 

• Add other Arduino components or increasing sensors for more features, and to fetch more 

data that can be collected. 

• Add an artificial intelligent system to predict the production of goods. 

• Integrating a GPS module to enhance this Agriculture IoT Technology to full-fledged 

Agriculture Precision ready product. 
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Appendix : 

The figures of the components used in this project: 

 

Figures 7.  RTC Module [1]  

 

  
Figure 8. Relay 
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Pictures of the LCD used in my prototype. 

 

 

Figures 9. LCD 

 

 

Female/Male Color Ribbon Flat Cable Jumper Dupont 40-wire 20cm 
2.54mm 

 

Figure 10 
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150 mm wire with male connectors on the ends. 

  

Figure 11 

20cm Female to Female Circuit Board Cable Colorful Wire 

Figure 12  
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Mini USB cable of Nodemcu 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Solar panel 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14. Solar panel 
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• The Electric box :  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16. Electric Box 
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• The Green house :  

 

Figure 17. Greenhouse 

 


