
    
 

Effortless Zenith Planting Zone (E.Z.P.Z) 

ELEG/CPEG 480- Capstone Design Project II 

 

 

 

Project Members 

AHMED BIN SANAD  (S00030711) 

ALI MADI            (S00028418) 

ROAA AL-MAJED       (S00023732) 

 

 

Project Supervisor(s) 

MOUNIB M KHANAFER 

 

 

Department of Electrical & Computer Engineering 

        AMERICAN UNIVERSITY of KUWAIT 

JUNE 2021 



    
 

Effortless Zenith Planting Zone (E.Z.P.Z) 

 

Project Members 

AHMED BIN SANAD   (S00030711) 

ALI MADI   (S00028418) 

ROAA AL-MAJED        (S00023732) 

 

 

 

The capstone project report is being submitted in partial fulfillment of the 

requirements for the degree of 

Bachelor of Engineering in Computer Engineering 

 

 

Project Supervisor(s): 

MOUNIB M KHANAFER 

 

 

Supervisor’s Signature: ____________________________ 

 

 

 

Department of Electrical & Computer Engineering 

        AMERICAN UNIVERSITY of KUWAIT 

JUNE 2021



i 
 

Declaration 

We certify that this project work titled “Effortless Zenith Planting Zone (E.Z.P.Z)” is our 

own work. The work has not been presented elsewhere for assessment. The material that has been 

used from other sources has been properly acknowledged / referred.  

 

 

Project Members 

Ahmed Bin Sanad (S00030711) 

Ali Madi   (S00028418) 

Roaa Al-Majed  (S00023732) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ii 
 

Plagiarism Certificate (Turnitin Report) 

This thesis has been checked for Plagiarism. Turnitin report endorsed by the Supervisor(s) 

is attached.  

 

 

 

 

 

 

 

Project Members 

Ahmed Bin Sanad (S00030711) 

Ali Madi   (S00028418) 

Roaa Al-Majed   (S00023732) 

 

 

 

 

 

Signature of Supervisor(s) 



iii 
 

Copyright Statement 

• Copyright in text of this project report rests with the student authors. Copies (by any 

process) either in full, or of extracts, may be made only in accordance with instructions 

given by the authors and lodged in the Library of AUK. Details may be obtained by the 

Librarian. This page must form part of any such copies made. Further copies (by any 

process) may not be made without the permission (in writing) of the authors. 

• The ownership of any intellectual property rights which may be described in this project 

report is vested in AUK’s Department of Electrical & Computer Engineering, subject to 

any prior agreement to the contrary, and may not be made available for use by third parties 

without the written permission of the AUK’s Department of Electrical & Computer 

Engineering, which will prescribe the terms and conditions of any such agreement. 

• Further information on the conditions under which disclosures and exploitation may take 

place is available from the Library of AUK, Kuwait. 



iv 
 

Acknowledgements 

The team of “E.Z.P.Z.” would like to acknowledge everyone who was a part of our 

academic journey and project. We would love to thank our families and loved ones who supported 

us through everything and never let us down. Also, a special thank you to our dearest professors 

in AUK who provided knowledge and advice and gave us a great learning environment. The 

completion of this project could not have been accomplished without the support and guidance of 

our inspiring supervisor Dr. Mounib M Khanafer.  

 

Ahmed Bin Sanad (S00030711) 

Ali Madi   (S00028418) 

Roaa Al-Majed  (S00023732) 

 

 

 



v 
 

 

 

 

 

 

 

“Dedicated to our family, friends and amazing supervisor.”



vi 
 

Abstract 

Many people around the world are interested in planting inside their homes. However, they 

are faced with a major issue: keeping their plants alive in a less than ideal space. Taking care of a 

plant is thought to be a difficult task. Plants sometimes seem to die suddenly, leaving their owners 

wondering what went wrong. Due to the large number of plants that exist on Earth, building the 

perfect environment for a plant’s survival is somewhat difficult, since each plant has its own unique 

living environment. Depending on the type of plant, some plant owners may need to adjust the 

watering levels, to manipulate the amount of sunlight that the plant receives daily and to choose 

the nutrients that are to be fed to the plant. 

The main objective is to build an IOT based plant pot that can take any plant settings from 

a user and create a suitable living environment for the plant inside the pot. The E.Z.P.Z. would be 

connected to an application that allows the user to monitor the plant’s status and adjust it 

accordingly. The application will manipulate the E.Z.P.Z. into creating the suitable environment 

through a database that has information on different types of plants. Since the plant pot’s concept 

is IOT, this would mean minimal need for human intervention, thus making it easier for plant 

enthusiasts around the world to take care of their plants since the pot will automatically look over 

them. The main goal of the E.Z.P.Z. is to significantly increase the chances of the plant’s survival 

and to make planting easier for the general public. 

 

Key Words: IoT, plants, hydroponics, environment, E.Z.P.Z., human intervention, plant pot and 

automation. 
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Chapter 1 INTRODUCTION 

This chapter outlines the background (section 1.1) and problem statement (section 1.2) of 

the research, and its aims and objectives (section 1.3). Section 1.4 describes the significance and 

scope of this research and provides definitions of terms used. Finally, section 1.5 includes an 

outline of the remaining chapters of the thesis. 

1.1 Background 

The Effortless Zenith Planting Zone (E.Z.P.Z.) is an IOT based hydroponic plant pot aimed 

towards creating an easy way for urban home gardeners to monitor and manage indoor plants. The 

main goal of the project is to make life for people who would like to plant indoors effortless and 

simple, in turn, promoting accessibility to virtually anyone. 

The EZPZ is, essentially, a plant pot that creates the ideal environment for any plant (no 

matter the species or surrounding environment) using a built in irrigation system, light system and 

sensors (light, water level and nutrients) that are all controlled using IOT. 

This plant pot was created to be able to detect light and using the built-in light system act 

accordingly to provide optimum light for the desired species of plant for the duration it needs it. 

The EZPZ also detects water levels and self-waters the plant automatically when the water tank 

reaches critical levels as well as administering the appropriate amounts of nutrients for the chosen 

plant. The pot should also be able to detect the plant’s nutrient levels in the water tank and lets the 

user know when it is time to refill the nutrients tank once it reaches a critical level as well. The 

second aspect of this product is the IOT integration with the use of a web application for a seamless 

user experience designed to ensure that this product is truly effortless. The user can follow the 

plant's wellbeing through the app using data backup. 

The birth of the E.Z.P.Z. came forth after one of the students in the group was having 

trouble keeping their plants alive indoors. This brought forth the idea of automation to help with 

creating the ideal environment necessary to keep a plant alive and well, while also being able to 

track and monitor it remotely. This idea was presented to the supervisors in the final year of our 

bachelor’s in Computer Engineering and was received well, whilst being intriguing to the rest of 

the group. The main goal of the E.Z.P.Z. was to enable a regular Joe to start planting indoors and 

ease their plant care in general with minimal knowledge and invasion.  
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We chose the name E.Z.P.Z. which stands for Effortless Zenith Planting Zone. This was 

because it reflected well in what the project was about. It represented an easy solution using a play 

on words (easy peas-y), with the use of the word effortless due to the case that it would be 

automated. This hints at how users would have to do less than the bare minimum to keep the plant 

alive. The word zenith means a point at which something is the most successful which hints at 

efficiency and the best solution to the planting zone that we would be creating. This project would 

be compact, sleek and requires only an outlet, this is to make it as appealing to the target market 

as possible. 

1.2 Problem Statement 

Planting requires a fair amount of attention since many factors are needed to ensure they 

stay alive. Enough sunlight is needed for a plant to live, along with regular watering and specific 

nutrition. In most cases, people usually work for multiple hours a day away from home or in some 

cases they might simply travel for a few days. This leaves the plants unattended and unmonitored 

which would soon lead to their deaths. 

1.3 Aims and Objectives of the Project 

The objectives to be achieved by the end of the project are as follows: 

1. To automate the growth of a plant. 

2. Ability to monitor the wellbeing of a plant remotely. 

3. System runs on real-time. 

4. Easy to assemble. 

5. To decrease the overall death rate of plants. 

6. To make it easier and less of a burden for indoor plant growers to maintain the 

wellbeing of their plant. 

1.4 Significance, Scope and Definitions 

This product is needed in modern day society, with global warming making weather hard to predict 

and even harder to manage, as well as for urban gardeners who do not have the time or capabilities 

to figure out how to keep plants alive in their homes. This research will prove to be an important 

addition to past works, since we had yet to see an implementation of an automated smart plant pot 
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that works within the IOT sector of computer engineering while giving the user a general overview 

of the plant pot conditions remotely.  

1.5 SWOT Analysis 

Table 1.1 shows the SWOT Analysis of the E.Z.P.Z. system. The SWOT analysis defines the 

strengths, weaknesses, opportunities, and threats. 

Table 1.1: SWOT Analysis 
Strength Weakness 

1. Semi-automated, no need for outside 

interference. 

2. Sleek and minimal design. 

3. Connectivity and remote access 

4. User-friendly device and application. 

5. Requires no additional parts to function. 

 

1. Supports only hydroponic systems. 

2. Limited to plants that can survive in a hydroponic 

environment.  

3. Requires an outlet. 

 

Opportunities Threats 

1. Can be a base to create multiple sizes to support 

larger plants. 

2. Addition of smart machine learning to optimize 

the plant care.  

3. Larger implementation for office buildings and 

government spaces. 

 

1. Current plant pots on the market  

2. Components might be expensive, and hard to find. 

3. Database might be limited due to the size of the 

plant pot. 

 

 

1.6 Report Outline 

• Chapter 1 shows the Introduction with six subsections which are:  

o Section 1.1, which gives a general project background with the problem.  

o Section 1.2, which gives the problem statement and talks more about the problem 

on which the solution is based.  

o Section 1.3 lists the project’s goals and main aims. 

o Section 1.4 gives a brief explanation towards the significance and scope of the 

project. 

o Section 1.5 explains the way the idea was developed and the general explanation of 
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how it was named. 

o Section 1.6 shows a SWOT analysis for the E.Z.P.Z.  

• Chapter 2 shows the Literature review that is also divided into subsections which are:  

o Section 2.1 covers the article reviews. 

o Section 2.2 demonstrates a comparison between the articles and the E.Z.P.Z. 

system.  

• Chapter 3 shows the design analysis of the E.Z.P.Z. with the finalized architecture and 

components.  

o Section 3.1 is the brief explanation of the methodology. 

o Section 3.2 is the discussion of the research design while talking about the different 

design alternatives.  

o Section 3.3 talks about the finalized hardware and software to be used in depth. 

o Section 3.4 is the analysis of the final design. 

o Section 3.5 describes the ethical and physical limitations of the design, 

o Section 3.6 is the proposed budget breakdown for much of the project. 

• Chapter 4 shows the creation and implementation of the final product. 

o Section 4.1 shows the hardware aspect of the implementation. 

o Section 4.2 shows the software aspect of the implementation. 

• Chapter 5 shows how the product was tested and evaluated.  

o Section 5.1 shows the different relationships between the project and the areas of 

applications. 

o Section 5.2 gives a brief description of the questionnaire created and the survey 

results. 

• Chapter 6 shows what was concluded and where the project can go in the future. 

o Section 6.1 is the wrap up and conclusion of the report. 

o Section 6.2 is the proposals for future work that can be applied to this project. 

• Chapter 7 will include the references used when conducting research for the project. 

• Chapter 8 will include the appendices; this includes the software codes used. 
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Chapter 2 LITERATURE REVIEW 

Chapter 2 covers the research aspect of the project and shows the information that was 

gathered about the topic from multiple articles. These articles show the different implementations 

of smart irrigation systems. 

2.1 Article Reviews 

2.1.1 An Automated Hydroponics System Based on Mobile Application [1] 

This system is an automated hydroponic system that monitors and controls important 

environmental factors that affect the growth of a plant. In this hydroponic system an Arduino 

WeMos D1 was used to connect to the sensors, Wi-Fi and to a database. The Arduino board is 

used to control many functions of the system, such as temperature, humidity, light, pH and water 

level sensors. The information monitored is sent to the host computer, it is then analyzed and sent 

to the relay module to switch on/off the related module. An Ultrasonic Sensor Module is used to 

sense the height of the water along with the flow of nutrients. Furthermore, the system can connect 

wirelessly through a Node MCU. 

Given the diversity of this system’s use of components and implementation is what makes 

it unique. The system uses a Solenoid Valve that allows for automated flow control of liquids or 

gases into the system. Also, an Ambient Light Sensor Module is used to detect the light density 

and send the data as an analog signal to the Arduino controller. These components are shown in 

Figure 2.1 below. 

  

Figure 2.1: Ultrasonic sensor module, Solenoid Valve and Ambient Light Sensor Module 

 

Arduino IDE was used to code the Arduino board to perform certain functions based on the data 

collected. Also, Edge Computing was used to process and store the data in the cloud. 
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2.1.2 Design, Construction and Testing of IoT Based Automated Indoor Vertical 

Hydroponics Farming Test-Bed in Qatar [2] 

This article talks about the design and construction of an automated hydroponic system. 

The aim of the project is to create a vertical automated hydroponic system that uses minimal human 

intervention and minimal power consumption. The system is designed for growing plants 

independent of the outside climate. The system uses an Arduino Mega as the brain of the system 

to control the sensors. EC (Electrical Conductivity) (Atlas Scientific Conductivity Kit K 1.0-

5200,000 µS/cm sensor) and PH (Atlas Scientific pH Kit 0–14 pH sensor) sensors were used to 

monitor and maintain the EC and PH levels. A SUNSUN Submersible Water Pump was used to 

pump water through the system and 6K3R4 and K6 LED lights were used for artificial lighting. 

Furthermore, events of decision making were done in real time which were calculated using a 

DS3231 real time clock (Arduino). An air conditioner (AC) controlling subsystem with automatic 

triggers is used to maintain a suitable temperature of 19-28 °C. Data collected by the temperature 

sensor (DHT22) is used by the subsystem and controls the AC through an infrared (IR) transmitter 

LED. Lastly, to monitor the power consumption of the system, a power consumption subsystem is 

created using a custom power meter. The power meter consists of a microcontroller (Arduino 

Nano), an AC/DC converter (HLK-PM12), a voltage sensor (ZMPT101B), and a current sensor 

(ACS712).  

 

Figure 2.2: Block diagram of the designed system 

 

The multiple parameters that are being monitored and controlled without the use of human 

intervention gives this hydroponic system its uniqueness over others. An overview of how the 

system components are connected is shown in Figure 2.2 above. The system aimed to be as power 
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efficient as possible through monitoring the power. Moreover, the system was designed in a way 

to be cost efficient to insure its feasibility in households. 

2.1.3 Smart Plant Pot [3] 

This smart pot aims to fully automate a plants growth cycle by transporting the plant to 

areas around the house that have enough sunlight and by transporting the plant to an automatic tap 

system that waters the plant. The system uses an Arduino Nano chip with an ATmega328P 

microcontroller. A Nano MCU is used, which is equipped with an ESP8266 Wi-Fi chip, allowing 

access to the Wi-Fi. This enables the user to know what the pot is doing and its status through SMS 

sent by the Nano MCU. The Adafruit IO MQTT Server is used to connect the Nano MCU to the 

IFTTT server, which connects it to an SMS API that sends an SMS to the user. In Figure 2.3, the 

architecture of the system is used to demonstrate an overview of the system. 

 

Figure 2.3: System Architecture of Smart Plant Pot  

 

 

 The most unique feature of this smart pot is its Line Following Robot System. This is a 

system that detects a black line drawn on the floor that leads to different areas around that may 

provide sunlight. Two IR sensors are placed underneath the platform to detect the presence of a 

black line underneath and the information is sent to the Arduino to steer the robot. Wheels are 

placed under the platform to allow for transportation. Figure 2.4 shows the Line Following Robot 

System with a black tape underneath it that represents the drawn path it will follow.  

An android application is created using MIT app inventor. A Bluetooth module can be 

connected to the Arduino to connect it to the android application. This allows the user to manually 

control the path of the robot. 
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Figure 2.4: Line Following Robot  

2.1.4 Hydroponics System for Soilless Farming Integrated with Android Application by 

Internet of Things and MQTT Broker [4] 

This hydroponic system integrates an android app in smartphones using MQTT cloud 

publisher subscriber model to enable communication between sensors and data extraction and 

manipulation through the cloud. The block diagram in Figure 2.5 shows the flow of the process 

that the system goes through. Sensors used are temperature, pH of water, electrical conductivity 

of water and water tank level. Software and hardware used other than the sensors are the 

NodeMCU board which has Wi-Fi and is coded using Arduino ide. Connections between the 

sensors and the GPIO ports of the microcontroller used are shown in Figure 2.6 below. Programing 

languages for the app (java, kotlin). Key features of the App are plant database, news, map shows 

where to buy hydroponics components and live data feed. 

 

Figure 2.5: Block Diagram (left) Figure 2.6: Sensory Parts (right) 

 

2.1.5 IoT based hydroponics system using Deep Neural Networks [5] 

This article goes through adding a deep neural network in implementing an IoT based 

hydroponics system. It establishes that using Tensor flow a machine learning bundle of algorithms 

can create with data collected a good prediction for the system to take predictions for control as 
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accurate as 88% to predict plant conditions and take actions with full automation without human 

interactions. The system has two microcontrollers, a Raspberry Pi and an Arduino microcontroller. 

The architecture of the system is shown in Figure 2.7 below. Furthermore, the software being used 

are: python, Nanpy, Raspbian, Arduino IDE, Pandas, Google Firebase. Sensors used for data 

acquisition are DHT11 sensor, Water Level Sensor, Photo resistor or LDR, Two DC motors. 

Key points of the prototype are that the complete hardware prototype of intelligent IoT 

based Hydroponics system involved various sensors, microcontroller, Raspberry Pi3 and UART 

communication between Arduino and Pi3. The system here comprises of sensors which are pH, 

DHT11 sensor, LDR, Level that measures the pH, humidity, temperature, Light intensity, and 

water level. This information is sent to the microcontroller which is sent to Pi3 using UART which 

got the Deep Neural Network prediction algorithm model for activating the appropriate control 

action. The data set collected with predicted control action is sent to Firebase cloud for storage for 

viewing anywhere.  

Deep neutral network key points, analyzing the parameters of the hydroponic system for 

providing the appropriate control action. collected 5000 real-time data from the hydroponic system 

pertaining to pH, temperature, humidity, light intensity and water level in the hydroponic tank 

where the plant grows. parameters were trained over 10,000 epochs in the cloud and thereby 

producing the appropriate control action. The trained Deep Neural network model is deployed in 

(Raspberry Pi3) which acts as fog in sending the input to Arduino towards producing the 

appropriate control action to the hydroponic system. The real-time data available from the 

hydroponic tank and predicted output control action with the label are sent to cloud for storage and 

viewing. 

 

Figure 2.7: System Architecture of IoT Based Hydroponics 
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2.1.6 Sensor Networks Data Acquisition and Task Management for Decision Support of 

Smart Farming [6] 

In this article the authors aim to create a smart farming IOT model that is driven by not 

only collecting data and actuating but is decision based driven system (precision agriculture) that 

focuses on data and analysis to manage resources to optimize inputs (time, resources) and 

maximize outputs (crops and profit). 

  

Figure 2.8: Smart Farming Conceptual Model 

 The model in Figure 2.8 above, explains the main processes of data analysis as 

sensing(collecting), preprocessing (filtering for usable features), and inference (decision support 

‘math’). Architecture proposed describes sensors in the farm communication between note and 

gateway is via IEEE 802.15.4 protocol. Data from sensors are sent to the server via Remote 

Terminal Unit (RTU) A database is part of the server side to create readable user data through an 

app. Network proposed is TCP/IP. Each sensor will send data to the nearest sensor and the sensors 

will send the data to next nearest sensor.  

To save power and manage more efficiently. gateway will have three periods, namely 

sensors reading period, data transmission period, and force sleep period. On the sensors generated 

traffic side to avoid flooding. The authors agree that the most important part of the system is the 

quality of data. They proposed the following strategy, ensure that the sensors will read the data 

farmers need, manage authorization regarding who will be able to access the data. Ensure that the 

data will help farmers, stakeholders to accomplish the goals, define format and data storage. 

Ensures the consistency and integrity of data. The network architecture of the system is shown in 

Figure 2.9 below. 
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Figure 2.9: Network Architecture of Smart Farming 

2.1.7 IOT based Computing to Monitor Indoor Plants by Using Smart Pot [7] 

The article talks about an IOT based indoor plant system that monitors things such as soil 

moisture, sunlight, temperature, humidity and pH levels using automated systems. It does this by 

using various components (Arduino Nano, soil moisture sensor, submersible mini water pump, 

ESP8266 Wi-Fi module, BH1750 sensor, DHT11 sensor, pH sensor, water level sensor, and LiPo 

rechargeable battery, LED light) embedded in a Smart Pot and by creating a database of indoor 

plants so that the Smart Pot works in accordance with the plant selected. 

 

Figure 2.10: Block Diagram for the Smart Pot System 

It provides functionalities for automatic water pumping into plant soil in the right amount, 

sends a notification when the level of water in the storage tank of the pot is low, sends a notification 

to put the plant in the sunlight and to bring it back, uploads data on the cloud using internet through 
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Wi-Fi. The data includes humidity, temperature, moisture, sunlight and pH value which can be 

seen through an android application. It also shows overall plant health on a mobile interface. When 

sensor data is received by the Arduino Nano, it is sent to the cloud (ThingSpeak) by using an 

internet connection established via Wi-Fi. The Android application in the mobile phone of the user 

receives or retrieves data from the cloud which is analyzed with the database of the plant in the 

Smart Pot.  Figure 2.10 shows the various components coming together.  

2.1.8 Hommons: Hydroponic Management and Monitoring System for an IOT Based NFT 

(Nutrient Film Technique) Farm Using Web Technology [8] 

This article talks about a hydroponic monitoring and automation system that can monitored 

using sensors connected to an Arduino Uno microcontroller, Wi-Fi module ESP8266 and 

Raspberry Pi 2 Model B microcomputers as the webserver with the concept IoT, in which each 

block hydroponic farming can communicate with the webserver. The web interface of the system 

allows a user to monitor and control the NFT hydroponic farming. The NFT hydroponic web 

interface management systems using a responsive web framework, such as Bootstrap for the front-

end, JQuery and JavaScript libraries. The system is intended to help farmers increase effectivity 

and efficiency on monitoring and controlling NFT Hydroponic Farm.  

 

Figure 2.11: System Model and Block Diagram of System  

The Arduino Microcontroller Uno is combined with various components such as Ultrasonic 

sensors SR04-HC, pH sensor, DS18B20 temperature sensor, and the EC as well as the supporting 

tools to create farm hydroponics NFT like, grow light, water pumps, and aerator. Raspberry 

Microcomputers Pi 2 Model B in this system is used as storage for the server/web interface, the 

settings of the supporting tools, and the data obtained by the sensor-sensor after processing. The 

web interface on the hydroponic monitoring and management system controls and monitors 

agricultural systems hydroponics NFT responses and is built using a front-end framework 
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Bootstrap combined with HTML, JavaScript, and PHP. This system is implemented at the NFT 

hydroponic farming and optimizes plant growth. Figure 2.11 illustrates an overview of the 

hardware and software connections. 

2.1.9 IOT Hydroponics Management System [9] 

This article talks about an integrated system based on the IoT to monitor and manage 

hydroponic gardens. It provides an ideal environment for plants to grow by monitoring pH, water 

level, air temperature and relative humidity as well as providing controlled irrigation of water, and 

nutrient solution intake. Using cloud-based technology, data gathered by sensors is stored, 

managed, applied, and shared via internet by the user. The Hydroponics Management System gives 

control to the user to allows for refilling, sprinkling, draining etc. thru the web application as well 

as monitor the pH level, relative humidity, air temperature and water level.  

The components used in this project were Raspberry pi (Raspberry Pi 3 Model B), Water 

Pump (Venus Aqua 033F Aquarium Top Filter), Temperature and Humidity Sensor (with ph?), 

Google Firebase, and System Management Via Internet Website App. Figure 2.12 shows the block 

diagram of the system. 

 

Figure 2.12: Block Diagram of System 

2.1.10 IoLT Smart Pot: an IoT-Cloud Solution for Monitoring Plant Growth in 

Greenhouses [10] 

In this article an IoLT (Internet of Living things) Smart Pot is created to be able to monitor 

environmental parameters by sensors placed above and inside the plant pots. An IoT device based 

on a Raspberry Pi board is placed under the pot, and the sensors are connected to it. The project 

provided a private IoT-Cloud gateway for receiving, storing, visualizing and downloading the 
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monitored parameters sent by the IoT devices of the pots. Plant growth is monitored by using an 

RGB camera. The cluster of plants is also equipped with an LED-based illumination system, 

sensors for light intensity, air temperature, relative air humidity, as well as soil humidity. Data is 

temporarily stored on a memory card and is transferred via Wi-Fi to a database on a local server 

or in the cloud.  

They had also developed a micro service called Mosquitto MQTT Broker built on the open-

source Mosquitto tool, using a MongoDB database to store the received sensor values. The sensors 

are managed by a python script implementing an MQTT client and the composed microservices 

are placed in a virtual machine (VM), in which the container performance values are monitored by 

a script. The VM containing the microservice is instantiated in the MTA Cloud with a small VM 

flavor (having 1 virtual CPU core and 2 GB RAM memory). Figure 2.13 shows the architecture 

of the system’s gateway along with the IoT project tasks. 

 

Figure 2.13: IoT Project Tasks and the Architecture of the IoT Smart Pot Gateway 

 

2.2 Comparison and Diagnostics 

The articles gathered show a variety of different implementations of smart irrigation 

systems. The breakdown and summary of the articles above are listed in the table (2.1) below. 

Most of the systems were designed to be hydroponic systems, this allowed for a more advanced 

way of monitoring the plant through many parameters. The most common parameters that were 

measured were:  

1. Temperature of the environment. 

2. Amount of direct sunlight to the plant. 

3. Water and nutrient levels in tanks and/or pot. 
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Table 2.1: Literature Review Comparisons 
Articles 

Title 

Implementation Key Features Microcontroller Sensors Software Drawbacks 

[1] Hydroponic 

System  

Mobile Application 

Based 

Arduino WeMos 

D1 

Ultrasonic Sensor, PH 

Sensor, Ambient Light 

Sensor and Temperature 

and Humidity Sensor 

Arduino IDE, 

Edge computing 

and Firebase 

Database 

Temperature data 

collected is 

redundant as not 

actuation took place. 

[2] Hydroponic 

System 

Power Consumption 

Monitoring and 

designed for many 

plants. 

Arduino Mega 

and Arduino 

Nano 

PH Sensor, EC Sensor, 

Temperature Sensor, 

Voltage and Current 

Sensors 

ThingSpeak Maintaining growth 

of many plants will 

affect monitoring 

individual plants. 

[3] Soil Based 

Planting 

Transportable 

Line Following 

Robot System uses 

IR Transmitter and 

Receiver 

Arduino Nano + 

Node MCU 

IR Sensor, Soil Moisture 

Sensor and LDR Sensor 

IFTTT, Adafruit 

IO and MIT 

Application 

Inventor 

Path may not be 

available for robot to 

move. 

[4] Hydroponic 

System 

 

Android app, 

cloudMQTT, 

hydroponics farm 

Arduino, esp. 

8266 

Temperature, humidity 

sensor (DHT11.) 

Java, Jotlin, 

Arduino IDE 

Monitoring a farm 

can yield less care 

for individual plants.  

[5] Hydroponic 

System 

 

Dep neural networks, 

Tensor flow machine 

learning bundle of 

algorithms. 

Raspberry Pi3 & 

Arduino  

DHT11, water level, ph 

sensor, LDR, two DC 

motors. 

Arduino IDE, 

Raspbian, 

Pandas, Google 

Firebase, Python. 

Takes a lot of time to 

train the neutral 

network. And 

require data of 

similar project to 

apply to the neural 

network to be trained 

on. 

 

[6] Smart farming 

design 

Smart farming IOT 

conceptual 

model(Gateway data 

collector remote 

terminal unit, cloud 

computing & storage 

zone & server & 

processing zone, 

internet: app zone) 

Not specified; 

(gateway, data 

collector) 

Ph, temperature, N.P.K. 

(nitrogen, phosphorus, 

potassium) mineral, 

dissolved oxygen, 

fluoride, ozone, humidity. 

Not specified; 

depends on the 

(data collection 

zone component 

& cloud zone ) 

Conceptual model  

[7] Soil based 

planting. 

IOT based to monitor 

plant variables with 

automatic water 

pumping. 

Arduino Nano 

ESP8266 Wi-Fi 

module 

Soil moisture sensor, 

BH1750 sensor, DHT11 

sensor, pH sensor, water 

level sensor. 

Android 

application, 

ThingSpeak 

 

Not fully automated 

[8] Hydroponic 

system. 

IOT based plant 

management and 

monitoring system 

with web application. 

Arduino Uno 

Raspberry Pi 2 

ESP8266 Wi-Fi 

module 

Ultrasonic sensors SR04-

HC, pH sensor, DS18B20 

temperature sensor, EC 

sensor 

NFT hydroponic 

web interface, 

Bootstrap, 

jQuery and 

Implemented only 

for NFT hydroponic 

web interface. 
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JavaScript 

libraries. 

[9] Hydroponics 

system 

IOT based system for 

monitoring plants via 

application. 

Raspberry Pi 3 Temperature sensor, 

humidity sensor 

Google Firebase, 

web application 

No automation is 

present. All control 

is left to the user. 

Limited variables 

available due to lack 

of sensors 

[10] Soil based 

system for 

clusters. 

IOLT (internet of 

living things) based 

system with 

programming 

platform, 

applications, and 

secure control. 

 Light sensor, temperature 

sensor, air humidity 

sensor, soil humidity 

sensor 

Node.js 

WebApp, 

Mosquitto 

MQTT broker, 

apache Web 

server, Virtual 

Machine, 

MongoDB 

Soil based, bulky, 

not suitable for 

urban gardening and 

households, 

expensive. 

 

2.3 Summary and Implications 

Sections 2.1 and 2.2 shown above basically summarise the research done to allow the project 

design and trajectory to become clearer. The majority of literature surveyed showed how plant 

livelihood was improved using hardware and software, focusing on larger scale applications such 

as agriculture or permaculture. It shows how there have been a few similar concepts to the 

suggested project that were implemented in the recent past, however none of them really went all 

the way into what the group has proposed. There are a few design elements that could potentially 

work if integrated into the proposed project, such as types of sensors used, as well as different 

software options to be considered. This is where the challenge potentially comes into play, since 

these models would need to be scaled down, keeping automation and connectivity consistent, the 

way the sensors and actuators connect to the microcontroller seemed like the biggest hurdle to be 

faced later on in the design and implementation phases.  

So, the research questions that come to mind are how to get the compactness of a plant pot 

without falling short of having it be at least semi-automated.  Since the E.Z.P.Z. will be an IOT 

device, the question of how to get the connectivity, monitoring, management, and user interface 

also arise. The options that were considered were based off of the literature surveyed, things like 

Web applications, Camera monitoring, pesticide control etc. were notable.  Since this device needs 

to be a hands off approach to indoor gardening, soil proves to be the less suitable option, and so 
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hydroponic systems were favoured in the literature surveyed, and were also favoured amongst new 

plant enthusiasts. The hardware considered were the Arduino Mega, Ultrasonic Sensor, Humidity 

Sensor, PH Sensor and Light Sensor. These were similar to most other systems seen since plants 

generally require light, water, proper nutrients, the correct PH and adequate humidity to thrive. 

Actuators considered were a light source, precision pumps, and a camera. The software considered 

were ThingSpeak and the Arduino IDE. This project will be a great addition to what is currently 

available, since this is a new way to garden remotely while giving the user easy access to growing 

plants in urban areas.  
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Chapter 3 METHODOLOGY, DESIGN AND ANALYSIS 

In Chapter 3, the methods, and procedures behind building the project will be highlighted. 

By showing different design alternatives of the system, a decision was made to build the system. 

Also, a clear image of the system will be drawn, as an overview of the system will be demonstrated 

by diagrams that show the model of the system. Lastly, both hardware and software components 

will be defined in this chapter. 

3.1 Methodology 

The methodology used in the study was initially done through the literature reviews and 

using them as a basis to start designing a prototype. It eventually turned into an experimental one 

where the designs had to be modified to suit the project goals and features. 

3.2 Research Design 

The final design reached was based on Chapter 2, where the Literature Review was 

discussed. The quality of research we had reviewed helped immensely in the conclusion of the 

final prototype design. The research began by carefully looking at each article’s goals and design 

approach, and how those design approaches impacted the end goal of the project. This served as a 

good indicator for our choice of design approach and how it would impact our own project. For 

each article analyzed, we looked at evaluation criteria to help us make more informed decisions 

when adopting a design approach and design alternatives for our project. The criteria we decided 

on are: drawbacks of the design, software used, sensors chosen, microcontrollers adopted, key 

features of the system and the implementation.  

The idea came about to help those looking to care for their indoor plant without the need 

to supervise the plant often as they should. More data collection might be needed to consider 

adding helpful features in the future if the market demands, which would be conducted via surveys 

and interviews. 

A few alternative designs were created to reach the final design of the system, which are 

discussed further in the next two subsections. The first subsection will include the different systems 

that were proposed, along with the different parameters and outputs that were to be implemented. 
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The second subsection will cover the various components that were proposed to be used, which 

include microcontrollers, sensors, and actuators. 

3.2.1 Design Alternative 1: Systems 

3.2.1.1  Smart Pot with Fan 

Designing a system that monitored the temperature of a plant was the first of the proposed ideas. 

The idea was to add a temperature sensor and a fan to the system. The fan would turn on when the 

temperature was too high so that the plant’s surrounding temperature would be in its accepted 

range. Although this would be beneficial to the plant, the idea was tossed away as it was already 

implemented in many systems. Also, the fan was a solution to higher temperatures and not colder 

ones. Figure 3.1 below shows the block diagram for the proposed system. 

 

Figure 3.1: Block Diagram of Plant Pot with Fan 

3.2.1.2  Smart Pot with Fungicide 

The idea behind this design came from trying to automate a curing system for plants. The proposed 

system was to use a toxin sensor to detect the presence of bacteria growing in the plant. A spray 

would then be connected to a fungicide solution which is placed on top of the plant pot’s structure. 

The system would then spray the fungicide onto the plant whenever the toxin sensor detected the 

presence of bacteria. Figure 3.2 demonstrates a block diagram of the system.  
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Figure 3.2: Block Diagram of Plant Pot with Fungicide 

 

Due to the complexity of the idea and the extensive research that it demanded, the idea was 

somewhat modified and was used to help build the E.Z.P.Z. system. The fungicide was replaced 

with pesticide and the actuation of the spray was done manually through a WebApp. 

3.2.1.3  Smart Pot with Camera as a Soil-Based System  

The idea of using a camera was proposed to monitor the plant. The camera would be set to take 

snapshots at certain times daily. This would allow the user to monitor the well-being of the plant 

remotely. The idea would be implemented by planting the plant in soil, which meant that a moisture 

sensor was needed to automate a watering system. A block diagram of the system is shown in 

Figure 3.3 below.  

 
Figure 3.3: Block Diagram of Plant Pot with Camera as a Soiled-Based System 
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The research done in Chapter 2 shows that using hydroponics to grow a plant instead of planting 

it in soil has a higher rate of efficiency. This led to designing E.Z.P.Z.as a hydroponic-based 

system. Furthermore, although the use of the camera would help in viewing the plant pot remotely, 

it did not help in controlling the system. The use of the camera also inspired the creation of the 

pesticide system used in E.Z.P.Z. By viewing the plant through the camera, the user would be able 

to apply the pesticide remotely through the WebApp if they recognized the presence of pests from 

the snapshots. 

3.2.1.4 Smart Pot with Semi-automation and WebApp  

System Block Diagram 

In this section, a block diagram of E.Z.P.Z. is shown in Figure 3.4 below. A block diagram 

contains blocks that represent the main parts of the overall system and how they are connected. 

The block diagram does not specify the hardware/software components that are being used, rather 

it shows an overview of how the system will function.  

 

Figure 3.4: E.Z.P.Z. Block Diagram 
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As shown in the Figure 3.4, the block diagram for E.Z.P.Z. is divided into three 

sections/blocks. The arrows between the blocks represent the flow of the system/process. 

The first block represents the inputs of the system, which is defined by the data that is being 

gathered from the monitoring of the plant. This is done using the many different types of sensors 

shown in the diagram. The second and thirds blocks show the processing aspect of the system. A 

couple of microcontrollers are used that will gather data from the sensors, perform the necessary 

processing and then send it for actuation in the “Output” block. Lastly, the fourth block represents 

the output of the system. The system will perform actuation on the plant pot itself and provide 

monitoring through a web application. 

 

System Design Flowchart 

A flowchart of E.Z.P.Z. is shown in Figure 3.5 below. A flowchart is used to represent the 

flow of a system through the steps it takes from the startup up to generating the desired output. In 

the flow chart there are different shapes that represent specific aspects of the system. The 

rectangles represent the process that is taking place. The ovals represent the start and the end of a 

process cycle. Lastly, the diamonds represent conditions from which certain processes will follow 

through based on the condition satisfied. 

The system starts off right after the plant has been set up into the pot and is first connected 

to the Wi-Fi as shown in the flowchart. The system would then gather data from the sensors and 

move on to processing the data into useful information, from which certain calculation are done. 

After processing the data, the system then moves to generating the outputs based on the processed 

data. The generated outputs based on their conditions are as follows: 

1. Pumps water to pot if the distance from the ultrasonic sensor is above 4cm. This means 

that the pots water level is low. The log is then updated based on the action taken. 

2. Next, the grow LED light is automated based on the UV sensor’s data. If the UV sensor 

does not detect any sunlight, the grow light will be turned on, otherwise the light will be 

turned off. The log is then updated based on the action taken. 

3. The fan is then turned on whenever either the humidity is over 60% or the temperature rises 

over 28oC, otherwise, the fan is turned off. The log is then updated based on the action 

taken. 



23 
 

4. Next, the system moves on to automating the pH values of the pot. If the pH sensor reads 

a value that is less than 5.5, then the pH up solution will be pumped into the pot. If the pH 

sensor reads a value that is greater than 7, then the pH down solution will be pumped into 

the pot. If the pH sensor reads a value that is between 5.5 and 7, then no actuation will be 

done. The log is then updated based on the action taken. 

5. The web app is then displayed, and the user is presented with four options. The user either 

views a live stream of the plant, for five seconds, sprays pesticide to the plant, takes a 

snapshot of the current camera view, or waits around for 60 seconds, in which the page 

will then refresh. If one of the first three actions are taken, the log is then updated based on 

that action. The web app is then redirected to the main page, in which this process is 

repeated. 

 

 

Figure 3.5 E.Z.P.Z. Flow Chart 
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3.2.2 Design Alternative 2: Components 

3.2.2.1 Temperature sensor DHT11 

The DHT11 was mentioned as a temperature and humidity sensor however we are only 

interested in using it as a humidity sensor for our chosen design implementation. As an alternative 

design the DHT11 can serve as a Temperature sensor and provide temperature readings. The sensor 

is shown in Figure 3.6. 

 

Figure 3.6: Humidity Sensor (DHT11) [13] 

 

Table 3.1 below, list the DHT11’s specification:  

 

Table 3.1: DHT11’s Specifications [13] 

Features Description 

Humidity range 20-90% RH 

Humidity accuracy +/- 5% RH 

Temperature range 0-50C 

Temperature accuracy +/- 2%C 

Operating voltage 3V-5.5V 

Price 0.500-0.750 KWD 
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3.2.2.2 Toxins sensor -MQ-9 Carbon Monoxide and Flammable Gas Sensor Module 

A toxin sensor is a Gas detector sensor that can detect one or multiple types of gases in a 

specific radius from the sensor. A gas sensor can detect not just toxic gases alone but can detect 

pollution and combustible gas as well. The sensor module shown in Figure 3.24 is an MQ-9 Carbon 

Monoxide and Flammable Gas Sensor Module. This is an example of one of the toxin detectors 

looked at as a candidate to use for toxin detection. It important to note that more research is 

required to understand the type of gas that is toxic to both plants and humans that can be resulted 

from an indoor plant. The research that has been done so far proves to be insufficient to this topic, 

and the complexity of the subject on our team took away from its practicality. From the research 

done on the topic, there are multiple sensors that can detect different gases. These sensors are listed 

in Figure 3.7 along with their corresponding detectable gases.  

 

Figure 3.7: MQ-9 Carbon Monoxide and Flammable Gas Sensor [24] 
 

3.2.2.3 Float Sensor 

A float sensor is used to check the pesticide levels contained in the pesticide tank/bottle. 

Using a float sensor, it would be convenient to check for levels of pesticides available and if more 

pesticide is needed, then using a peristaltic pump, the plant can be sprayed. The float sensor is 

shown in Figure 3.8 below. 

 
Figure 3.8: Float Sensor [19] 
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Table 3.2 below, lists the float sensor’s specifications:  

 

Table 3.2: Float Sensor’s Specifications [19] 

Features Description 

Theory  Floating magnet (Reed switch) 

Price ~3.000 KWD 

 

3.2.2.4 UV light 15TUV/S 

A UV light is a viable option to use for the plant pot system. UV light improves the 

photosynthesis process of the plant and is needed to better and speedup plant growth. The light is 

also used as a substitute for sunlight, as the plant will be grown indoors. A generic UV bulb 

example is shown in Figure 3.9 below. 

 
Figure 3.9: UV Light [21] 

 

Table 3.3 below, lists the UV light specification:  

 

Table 3.3: UV Light Specifications [21] 

Features Description 

Melting point 260°C 

Max continuous operating temperature 20,000 hours at 180°C 

Management system ISO9002 

Working ambient temperature -20°C 50°C 

Price ~10.000 KWD 
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3.2.2.5 OV7670 CAMERA MODULE BOARD 

The system overview shows a camera component for taking snapshots of the plant. The 

OV7670 is a commonly used camera module in Arduino projects which is precisely the reason of 

this module’s choice as well as it is affordable price. The OV7670 Camera Module Board is shown 

in Figure 3.10 below. 

 
Figure 3.10: OV7670 CAMERA [22] 

 

 

Table 3.4 below, lists the OV7670 CAMERA’s specifications:  

Table 3.4: OV7670 CAMERA’s Specifications [22] 

Features Description 

Photosensitive array 640x480 

stable 0-50°C 

Sensitivity  1.3V/(LUX-sec) 

Operating temperature -30°C-70°C 

Pixel size 3.6µm x 3.6µm 

Price 3.000 KWD 

 

3.2.2.6 Microcontroller, Arduino Mega (2560) 

The component in the system is the microcontroller. The decision was to choose the 

Arduino Mega 2560 shown in Figure 3.11. This specific microcontroller offers great number of 

analog and digital pins, as needed by the system design, to cover all sensors and components. The 

Arduino mega was chosen because of how simple the programing language of the Arduino IDE 
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is. To avoid getting stuck trying to figure out how to minimize connections to the microcontroller 

was another reason for the mega Arduino choice. The main focus is on getting a working prototype 

(for proof of concept of the design and implementation), with optimization being the next step. 

 

Figure 3.11 Arduino Mega (2560) microcontroller [14] 
  

Shown in Table 3.5 below is the specifications and features of Arduino Mega (2560)   

microcontroller. 

  
Table 3.5: Arduino Mega (2560) Microcontroller’s Specifications [14] 

Features Description 

Dimension width*length 53.3mm * 101.52mm 

Memory  4 KB EEPROM, 8 KB SRAM 

power Micro-USB 3.3Vpin 5Vpin 

Operating Voltage 5V 

Clock speed 16Mhz 

I/O pins Digital = 54, Analog = 16 

price 5 KWD 

 

3.3 Software and Hardware 

After getting an overview of the system architecture, flowchart, and block diagram here is 

provided the hardware and software components that would be used to implement the system 

architecture described above. The design is described by the approach of how the architecture is 

implemented to achieve the project system successfully, in this section identified below the 

hardware and software components needed with brief explanation of such component. When 

applicable explained the reason behind such choice of hardware/software component. The choice 

of HW/SW is derived from the understanding of the comparisons and requirements for the system 

architecture. 
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3.3.1 Hardware 

3.3.1.1 PH Sensors SKU SEN0161 

To measure the water PH levels, a PH sensor will be used. PH sensors are used to measure 

the quality of water and is used in Aquaculture applications. We will use the PH sensor to detect 

the level of nutrient in the water as well as electric conductivity of the water. The sensor comes 

with a small board that connects the sensor easily to the microcontroller. The small board then 

takes in an analog input from the Arduino a GND pin and a 5V pin (or an I/O pin). Reading through 

the data sheet, it seems it might require an external power supply with more accurate voltage output 

to ensure accurate readings of the sensor before the data acquisition. In Figure 3.12 below, the PH 

sensors and the BNC connector are shown. 

 

Figure 3.12: PH Sensors [11] 

 

Table 3.6 below, lists the PH sensor’s specifications:  

 

Table 3.6: PH Sensor’s Specifications [11] 

Features Description 

Response time >=1min 

Model power 5V 

Accuracy and Measuring temperature +-0.1pH (25 C), 0-60C 

Measuring range 0-14 PH 

Cable length from sensor to BNC 660mm 

Price ~10.00 KWD 
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3.3.1.2 Humidity Sensor DHT11 

The DHT11 is a temperature and humidity sensor, however we are only interested in using 

it as a humidity sensor for the purpose of our system. The humidity sensor can measure the 

humidity of the atmosphere around it, then providing that data to the microcontroller. There are 2 

versions of the DHT11 sensor one with 4 pins that require a 10k ohm resistor when used in the 

same circuit that would be connected to VCC and the signal pin while the other version is much 

simpler which comes with only 3 pins mounted on a PCB that already has a 10k ohm pullup resistor 

on its board shown in Figure 3.13. Table 3.7 is also shown before. 

 

 

Figure 3.13: Humidity Sensor (DHT11) [13] 

 

 

Table 3.7: DHT11 Specifications [13] 

Features Description 

Humidity range 20-90% RH 

Humidity accuracy +/- 5% RH 

Temperature range 0-50C 

Temperature accuracy +/- 2%C 

Operating voltage 3V-5.5V 

Price 0.500-0.750 KWD 
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3.3.1.3 Microcontroller, Arduino Uno  

The main component in the system is the microcontroller. The decision was to choose the 

Arduino Uno shown in Figure 3.14. This specific microcontroller offers sufficient number of 

analog and digital pins, as needed by the system design, to cover all sensors and components. The 

Arduino Uno was chosen because of how simple the programing language of the Arduino IDE is. 

To avoid getting too many unused pins and attempting to minimize the deign as much as possible 

was another reason for the Uno Arduino choice. The main focus is on getting a working prototype 

(for proof of concept of the design and implementation), with optimization being in mind. 

 

Figure 3.14: Arduino Uno microcontroller [14] 

 

Shown in Table 3.8 below is the specifications and features of Arduino Uno   

microcontroller. 

 

Table 3.8: Arduino Uno Microcontroller’s Specifications [14] 

Features Description 

Dimension width*length 2.1 inches * 2.7 inches 

Memory  1 KB EEPROM, 2 KB SRAM 

power Micro-USB 3.3V, power supply 5V 

Operating Voltage 5V 

Clock speed 16Mhz 

I/O pins Digital = 14, Analog = 6 

price 2.5 KWD 
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3.3.1.4 Microcontroller, Raspberry pi 3 

It was recognized that an extra microcontroller was to be introduced into the design to 

facilitate the use of extra features and implementation of the flask software that works with the 

raspberry pi and is not compatible with the Arduino. 

 
Figure 3.15: Raspberry Pi microcontroller [14] 

 

Shown in Table 3.9 below is the specifications and features of Raspberry Pi   

microcontroller. 

 

Table 3.9: Raspberry Pi Microcontroller’s Specifications [14] 

Features Description 

Dimension width*length 2.1 inches * 2.7 inches 

Memory  512 KB EEPROM 

power Micro-USB 2.5, 5V, power supply 5V 

Operating Voltage 5V 

Clock speed 1.5GHz 

I/O pins 40 

price 2.5 KWD 
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3.3.1.5 Raspberry Pi Camera Module 

The raspberry pi camera is a compatible model camera for the raspberry microcontroller 

series. The main feature of this specific model is the high pixel resolution. The camera component 

will be used to discover any pest that occur on under the plants leaves which is where pests usually 

start to surface on plants. Figure 16 shows a representation of the raspberry pi camera. 

 
Figure 3.16: raspberry pi camera [14] 

 

Shown in Table 3.10 below is the specifications and features of raspberry pi camera. 

 

 

Table 3.10: raspberry pi camera Specifications [14] 

Features Description 

Compatibility Both the Model A and Model B Raspberry Pi 

pixels 8MP  

resolution 2592 x 1944 

Video Supports 1080p @ 30fps, 720p @ 60fps and 

640x480p 60/90 Recording 

Size 20 x 25 x 9mm 

price 16.5 KWD 
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3.3.1.6 Water Level, Ultrasonic Sensor (HC-SR04) 

The ultrasonic sensor consists of a transmitter and a receiver that transmits pulses of sound 

waves. When the wave hits an object, it reflects the wave back into the receiver, and the time it 

took for the wave to travel is stored. The distance is then derived by using the speed of sound 

formula along with the recorded time. The distance the wave traveled is then divided by two to get 

the distance from the sensor to the object. The ultrasonic sensor is shown in Figure 3.17 below. 

 

Figure 3.17: Water Level Ultrasonic Sensor [16] 

 

A list of the Ultrasonic Sensor’s specifications is shown in Table 3.11 below:  

 

Table 3.11: HC-SR04 Specifications [16] 

Features Description 

Operating voltage 5V DC 

Resolution 0.3cm 

Effectual Angle   <15° 

Ranging Distance 2cm – 400 cm/1″ – 13ft 

Measuring Angle 30 degrees 

Price 0.750 KWD 

 

3.3.1.7 UV Sensor SKU SEN0162 

To measure UV light intensity a UV sensor SEN0162 is used. This model measures UV 

light of wavelength of 200-370nm which is suitable for applications such as UV Lamp monitoring 
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for growing crops and plants. Figure 3.18 below shows the UV Sensor. This sensor will work to 

make sure enough UV light is hitting the plant. 

 

 

Figure 3.18: UVM-30 Sensor 
 

Table 3.12 below, lists the UV Sensor’s specifications:  

 

 

Table 3.12: UVM-30 Sensor Specifications [17] 

Features Description 

Operating voltage 5V DC 

UV wavelength detect 200-370nm 

Response time <0.5s 

Operating temperature -20°C to 85°C 

Test accuracy +/- 1UV INDEX 

Price 0.750 -1.000 KWD 

 

3.3.1.8 Water Pump 2V/400MA 

A water pump is used to get new water from the tank and into the pot when water is low 

or is dirty and needs to be renewed. This pump requires an external power supply that is why it is 

important to add a 12V adapter as the Arduino will not be able to power this pump alone. The 

pump is shown in Figure 3.19 below. 
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Figure 3.19: Water pump [20] 

 

Table 3.13 below, lists the water pump’s specification:  

 

Table 3.13: Water Pump’s Specifications [20] 

Features Description 

Related voltage 12V DC 

UV wavelength detect 200-370nm 

Noise +< 40DB 

Flow rate 140L/H 

Working life span  20000 hours 

Price 2.750 KWD 

 

3.3.1.9 Water Spray High Precision Mini Peristaltic Pump - 12V 

A spray pump is, in essence, a DC motor that has a flexible tube which gets squeezed in 

one direction forcing the flow of liquid in that direction. The DC motor’s speed can generally be 

controlled, and this gives some level of accuracy or precision. 

 The water spray is shown in Figure 3.20 and in Figure 3.21 the functionality of the 

peristaltic pump is shown. 
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Figure 3.20: Peristaltic Pump [21] 

 

Figure 3.21: Peristaltic Pump Concept [21] 

 

 

Table 3.14 below, lists the water spray’s specification:  

 

Table 3.14: Water Spray’s Specifications [21] 

Features Description 

pressure Low 

motor DC 

type peristaltic pump 

Price 3.750 KWD 

 

3.3.1.10 Relay 

A relay switch is an essential component when an external power supply is used, as the Arduino 

cannot be connected in the same circuit with a 12V directly. A relay is needed for such cases since 

a relay switch connects the low voltage side to the Arduino and relays the high volage pin side to 

the external adapter/ power supply. Without it, serious hazard situations can occur like fire. In 

Figure 3.22 a relay switch is shown. 
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Figure 3.22: Relay Switch [22] 

 

 

Table 3.15 below, list the relay’s specification:  

 

Table 3.15: Relay’s Specifications [22] 

Features Description 

Control Voltage 5V 

Max Control Capacity 10A@250VAC 

Price 1.0 KWD 

 

3.3.1.11 Fan 

A proposed design of the system was to add a fan to the smart pot. Using a fan with the 

smart pot system, would allow the user to cool down the smart pot whenever they pleased. A 

simple 5V DC Fan was proposed for this system. The fan is shown in Figure 3.23 below.   

 

Figure 3.23: G 5V DC FAN [25] 

 

Table 3.16 below, list the fan’s specifications:  
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Table 3.16: Fan’s specifications [25] 

Features Description 

Operating voltage 5V DC 

Type cooling fan 

Price 1.000 KWD 

 

3.3.1.12 Full spectrum LED 

A full spectrum grow light is needed for the plant pot system. These types of light improve 

the photosynthesis process of the plant and is needed to better and speedup plant growth. The light 

is also used as a substitute for sunlight, as the plant will be grown indoors. Figure 3.24 below 

shows an example of the grow Light used.  

 

Figure 3.24: Grow LED Light [21] 

 

Table 3.17 below, lists the UV light specification:  
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Table 3.17:Full Spectrum Grow Light Specifications [21] 

Features Description 

Light 260°C 

Max continuous operating temperature 20,000 hours at 180°C 

Management system ISO9002 

Working ambient temperature -20°C 50°C 

Price ~10.000 KWD 

 

3.3.2 Software 

3.3.2.1 Arduino IDE using C/C++  

Arduino IDE is the software that is used to upload programs onto the Arduino 

microcontroller. Programs built via Arduino IDE are of extension “.ino”. Figure 3.25 shows the 

interface of the Arduino IDE.  

The programing of Arduino microcontroller via the Arduino IDE is very simple and 

straightforward like any other microcontroller. Programming it requires dividing the code written 

in the IDE to “setup” and “loop”. The Setup part is to set the I/O pins and onetime actions like 

initializations, while the loop part has the main repeated functionality of the microcontroller’s main 

function. 
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Figure 3.25: Arduino IDE Interface 

3.3.2.2 HTTP & Flask & Html 

This project required the creation of a way in which the microcontroller could share and 

display the functions written for the microcontroller “raspberry pi” over to the web app. This 

process was facilitated using flask plus flask was not the only component as flask works as a 

median between the python code on the raspberry pi & the WebApp that is written using html.  

HTTP was utilized as the main protocol as it bridges the communication between the raspberry pi 

and servers. The next step was to write code that would process whatever was on the server side, 

which is where Flask comes into play. It takes requests, figure out what those requests are dealing 

with and what they are asking. It will also figure out what response to send to the user via the 

WebApp. 

 

3.3.2.3 Thonny and python 

Coding for the Raspberry pi microcontroller was done in Python Language using the 

Python IDE, Thonny, which includes most of the actuation part. Figure 26 shows the logo of 

python and Figure 27 shows an example of the Thonny interface. 
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Figure 3.26: Python Logo 

 

Figure 3.27: Thonny Interface 

 

3.4 Analysis 

The data gathered from the different projects seen in the literature surveys were compared 

and wherever there was a general consensus on a specific aspect, that was the one considered 

initially as the best option. For example, the majority of the projects had a light source so that 

actuator was considered to be a part of the final project. The literature surveyed also showed 

different methods of forming the structures via block diagrams and flow charts which gave way to 

the different design alternatives created for this project. After fully utilizing and exhausting the 

articles reviewed in chapter 2, it went into the second part of our methods which was to experiment. 
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This way took longer than anticipated, however it was needed since the components had to 

communicate to each other and do what it was they needed to in the most efficient way possible.  

3.5 Ethics and Limitations 

The limitations of the research done were mostly caused by having to find alternatives to 

components that were not available in the market, or that would have had to take too long to get 

to Kuwait. Another limitation was that some components were expensive, as were many 

subscription services and so alternatives had to be found to suit the budget allocated for this project. 

Ethically speaking, since only a limited number of articles had to be surveyed, there cannot be a 

complete way of knowing whether or not the project had been done before and so this would prove 

to be a threat towards the project, keeping in mind time of research as well. 

3.6 Project Budget 

Once the component list had been finalized, the price for each component was obtained and 

the breakdown of the projected prices were put into Table 3.18 below. These components have not 

yet been purchased and are just an estimation of the component prices based on what was found 

online.  
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Table 3.18: Budget for E.Z.P.Z. 

Item Quantity Price per piece -in KWD- 

PH sensor 1 10 KWD 

Light sensor 1 1.500 KWD 

Humidity sensor 1 0.500 KWD 

Microcontroller 2 5.00 KWD 

UV sensor 1 1.800 KWD 

Water-level sensor 3 2.25 KWD 

 light 1 10 KWD 

Water pump 1 2.750 KWD 

Camera  1 16.000 KWD 

Relay 1 1.000 KWD 

Water spray  1 3.750 KWD 

  TOTAL: APPROXIMATELY 50 KWD 
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Chapter 4 IMPLEMENTATION 

This chapter describes how the implementation was done, the tools that were used, the 

difficulties that were encountered and the way they were overcome. This chapter reflects the major 

stages in the development process and the major components. It is divided into two sections that 

will demonstrate how the hardware and software aspects of the project were implemented. 

4.1 Hardware Implementation 

When working with the components mentioned in the above chapters it was recognized 

that an extra microcontroller was to be introduced into the design to facilitate the use of extra 

features and implementation of the flask software that works with the raspberry pi and is not 

compatible with the Arduino. The final hardware design can be summarized as two 

microcontrollers.   

Incorporating a raspberry pi enabled the addition for the camera component that was 

previously planned for the Arduino but was deemed to be unavailable to obtain.  

The system was built around a structure that contained three containers. The first container 

is where most of the control units and the sensors of the system will be. A growth LED light is 

attached over the container to supply the plant with light. A hole in the middle of the container is 

drilled for the plant to exist in the first and second containers. The second container is placed under 

the first container, and it serves as the plant’s pot, where it is filled with water. A third container 

is place at the very bottom, right underneath the second container and is considered the reserve 

water tank.  

Pumps are placed outside the containers, and some are attached to the sides of the container 

and are connected from the pH solutions and the water tank to the second container with the use 

of tubes. The pH sensor is place in the water inside the second container, and the UV and DHT 

sensors are placed above the first container, along with the camera and the fan. As for the ultrasonic 

sensors, they are placed on top of the second and third containers, with holes drilled into the covers 

of the containers. Figure 1 demonstrates a top view of the system, showing the first container, 

along with the fan, the UV and DHT sensors, the camera, the grow LED lights and the plant itself. 
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Figure 4.1 A Top View of the E.Z.P.Z. System 

 

This section will demonstrate how to hardware components were integrated and connected. 

4.1.1 Raspberry Pi 3 Connections 

This first component is the Raspberry Pi 3, which acts as the brain of the system. Figure 

4.2 below shows the connections to the pins of the Raspberry Pi 3 that are used in the project. 

These pin connections connect the Raspberry Pi to the Arduino Uno, and the breadboard, which 

acts as a bridge to the relay switches and the ultrasonic sensors. Table 4.1 describes each connected 

pin and its functionality. 
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Figure 4.2 Raspberry Pi 3 Pin Connections 
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Table 4.1 Raspberry Pi Pin Connection Descriptions 

Pin Number 

(Pin Name) 

Connection Description 

2 (5V Power) Connecting power supply of 5V to the breadboard 

6 (Ground) Connects a ground to the breadboard 

16 (GPIO 23) Connects to Trig pin of pot’s ultrasonic sensor 

18 (GPIO 24) Connects to Echo pin of pot’s ultrasonic sensor 

22 (GPIO 25) Connects to Trig pin of tank’s ultrasonic sensor 

24 (GPIO 8) Connects to Echo pin of tank’s ultrasonic sensor 

27 (GPIO 0) Connects to the Arduino Uno pin 5, representing the DHT control bit 

28 (GPIO 1) Connects to the third 2-channel relay switch that controls the peristaltic 

pump that is dedicated to the pH down solution in In1 

29 (GPIO 5) Connects to the first 2-channel relay switch that controls the actuation of the 

fan in pin In1 

31 (GPIO 6) Connects to the first 2-channel relay switch that controls the actuation of the 

grow LED light in pin In2 

32 (GPIO 12) Connects to the third 2-channel relay switch that controls the peristaltic 

pump that is dedicated to the pH up solution in In2 

33 (GPIO 13) Connects to the Arduino Uno pin 6, representing the UV sensor control bit 

35 (GPIO 19) Connects to the Arduino Uno pin 8, representing the pH sensor control bit 2 

37 (GPIO 26) Connects to the Arduino Uno pin 7, representing the pH sensor control bit 1 

38 (GPIO 20) Connects to the second 2-channel relay switch that controls the actuation of 

the pesticide pump in pin In1 

40 (GPIO 21) Connects to the second 2-channel relay switch that controls the actuation of 

the water pump in pin In2 

Camera Is connected into the camera port imbedded into the Raspberry Pi 

specifically for cameras 

 

Table 4.1 and Figure 4.2 give a good representation of how the Raspberry Pi is connected 

to all other components. The control bits in Table 4.1 represent the data coming from the sensors 

connected to the Arduino Uno after they have been processed into a binary representation. The 
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physical representation of the actual connections on the Raspberry Pi are shown in Figure 4.3 

below. The breadboard acts as a bridge between the Raspberry Pi and the relay switches and the 

ultrasonic sensors, which will be further explored in Section 4.1.3 

 

 

Figure 4.3 Hardware Connections to the Raspberry Pi 

4.1.2 Arduino Uno Connections 

The Arduino Uno serves as a sensor control and filtering station for a few sensors. The 

Arduino is used to filter data from the sensors and pass it on to the Raspberry Pi. This filtering 

process is further explained in section 4.2.2. The sensors that are connected to the Arduino Uno 

are the pH sensor, the DHT sensor and the UV sensor. Figure 4.3 shows the connection pins on 

the Arduino uno that connect it to the three sensors and the Raspberry Pi. 
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Figure 4.4 Arduino Uno Pin Connections 

 The pins labeled with “bit” represent the filtered data that is going into the raspberry pi. 

A breakdown of the pins and their purpose is shown in Table 4.2.  

Table 4.2 Arduino Uno Connection Descriptions 

Pin Number (Label) Connection Description 

3.3V (UVS) Connects the UV sensor to a 3.3V power supply 

5V (PHS) Connects the pH sensor to a 5V power supply 

Ground (PHS) Connects a ground to the pH sensor 

Ground (UVS) Connects a ground to the UV sensor 

A0 (UVS Signal) Connects to signal pin of UV sensor  

A1 (PHS Signal) Connects to signal pin of pH sensor  

A2 (DHT Signal) Connects to signal pin of DHT sensor  

Ground (DHT) Connects a ground to the DHT sensor 

8 (pH bit 2) Connects to the Raspberry Pi pin 35, representing the pH sensor 

control bit 2 

7 (pH bit 1) Connects to the Raspberry Pi pin 37, representing the pH sensor 

control bit 2 

6 (UV bit) Connects to the Raspberry Pi pin 33, representing the UV sensor 

control bit 

5 (DHT bit) Connects to the Raspberry Pi pin 27, representing the DHT sensor 

control bit 

4 (DHT 5V) Connects the DHT sensor to a 5V power supply 



51 
 

 

From Table 4.2 and Figure 4.4, an idea of how the Arduino Uno is connected to the 

Raspberry Pi 3 and the three sensors. The control bits in Table 4.2 represent the data coming from 

the sensors connected to the Arduino Uno after they have been processed into a binary 

representation, refer to table 4.4 for binary representation. The physical representation of the actual 

connections to the Arduino Uno is shown in Figure 4.5. 

 

Figure 4.5 Hardware Connections to the Arduino Uno 

4.1.3 Breadboard and Relay Switch Connections 

The breadboard and the relay switches act as bridges to the rest of the actuators and sensors. 

Both ultrasonic sensors are connected to the raspberry as mentioned in section 4.1.1, but they are 

connected through a breadboard. The breadboard is used to supply both ultrasonic sensors and the 

relay switches with the 5V supply from pin 2 and the ground from pin 6 on the Raspberry Pi, as 

denoted in Table 4.1. The rest of the pins that connect from the raspberry pi to the sensors and the 

relay switches are extended through the breadboard as shown in Figures 4.3 and 4.6. 
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Figure 4.6: Relay Switch Connections 

 The 3 2-channel relay switches are based outside the container that has the main 

components; this is done to connect the actuators to their respected power supplies. The relay 

switches are labeled from 1-3 as shown in Figure 4.6.  

Table 4.3 below maps the connection between the actuators and the relay switches. 

Table 4.3 Actuators and Relay Switches Connections 

Actuator  Relay Switch Number Input Line Number 

Fan 1 1 

Grow LED Light 1 2 

Pesticide Pump 2 1 

Water Pump 2 2 

pH Down 3 1 

pH Up 3 2 

 

4.2 Software Implementation 

4.2.1 WebApp, Flask and Raspberry Pi Implementations & Notes 

Python language and flask were introduced to implement the WebApp. Python language is 

used to write code to the raspberry pi microcontroller. Whereas flask is introduced to communicate 

the WebApp with the raspberry pi microcontroller. The previous approach of going with using 

ThingSpeak was found to be expensive and cost ineffective to create a prototype this realization 
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prompted the implementation of creating a database implementation using flask. Html was used 

to create the WebApp while flask mediated the communication between the user interface 

actuation and data fetching from/to the raspberry pi microcontroller which has direct access to the 

components that get actuated, or data fetched from using written functions on the microcontroller 

side. Figure 4.6 shows the interface of the WebApp. 

The WebApp has 3 actuation buttons those of which are as follows: 

1- Spray pesticide  

2- View Plant 

3- save a picture 

 

Figure 4.6: WebApp home page 

First to spray pesticide this is done by adding a suppression cap on the plant side end of the 

pump so when actuating the “spray pesticide” button the water pump will run for a very short time 

enough that would give the effect of a spray function on to the plant. 

Secondly, “View Plant” works by calling a function that is added to the raspberry pi 

microcontroller that previews the camera for 5 seconds this was implemented to get a peak of the 

plant before taking a snapshot & can work as a pesticide visual to check for pests before spraying 

pesticide. The pesticide spray and the camera both are below the plant, enough space between the 

components is considered to avoid pesticide spraying the camera. 

Third button is the “save a picture” which updates the last picture taken on the main 

WebApp page, so that the user can save the last updated picture of the plant as reference for the 
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plant growth at the time of taking the picture or to use the picture for diagnostic reference if pests 

grow on the plant.  

A database is implemented on the main page of the WebApp that describes the process of 

the automation the system is going through. An example of this description can be summarized in 

the figure below.  

 

 

Figure 4.7: Database Log sample 

4.2.2 Arduino Implementation & Notes 

On the Arduino microcontroller is where the data fetching takes place, data fetched are 

gathered using the following components:  

1- Ph control  

2- temperature and humidity control 

3- UV control 

For Ph control it takes place using data fetched from a Ph sensor, these readings then get 

encoded using binary logic to describe the Ph level in the plant main tank. The binary logic 

representation created on the Arduino is sent to specific I/o pin on the raspberry pi which the 

raspberry pi then decides on what the actuation for Ph control is required to take place. When Ph 

levels are higher than applicable for the best environment for the plant the Ph down pump is 

actuated using the binary logic applicable to actuate the Ph down pump some time is considered 

to allow for Ph down solution to dissolve in the tank water and for the new Ph reading to rely 
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meaningful updated data of the real conditions of the tank Ph level. Similar logic process is 

followed for the Ph up control process. 

For temperature and humidity control these functions take place using data gathered from 

a DHT11 sensor that gathers temperature and humidity levels these values are processed into 

deciding whether these values are within applicable ranges. If ranges are higher than desirable a 

fan on the raspberry pi is actuated using binary logic 0/1 sent from a pin on the Arduino that is 

sensed on a pin on raspberry pi. 

UV control is demonstrated using a UV sensor on the Arduino that decides whether the 

plant is getting sunlight or is not. If no sun light is detected a grow LED light is actuated on the 

raspberry pi using binary logic 0 or 1 similar to the temperature and humidity control process. 

 

Table 4.4 binary logic control for connecting Arduino, raspberry for both the DHT11 & UV 

sensor and the FAN & LED Grow Light 

Arduino Input bits Result bit Raspberry pi 

DHT11 
Humidity 0 

Temp 0 
0 Fan OFF 

DHT11 

Humidity 1 

or Temp 1 

 

1 Fan ON 

UV Sensor Light_detected 0 0 

LED Grow 

Light 

OFF 

UV Sensor 

 

Light_detected 1 

 
1 

LED Grow 

Light 

ON 

 

4.2.3 Further Implementation Notes 

As previously described the raspberry pi is mediated using flask to communicate with the 

WebApp hence why most of the data fetched need to go through the raspberry pi microcontroller 

some way or another to be used for actuation or displacing of data on the WebApp. The last 

component which is the ultrasonic sensor is connected directly on to the raspberry pi 

microcontroller for no specific other than initially all the components were setup on the raspberry 

pi microcontroller before integrating an extra microcontroller into the system design. The 

ultrasonic is integrated in both tanks. One ultrasonic is setup for measuring water levels in the 

main pot tank and another ultrasonic sensor is setup for measuring the water level in the support 
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tank. Since both ultrasonic sensors are on the raspberry pi no data is fetched from the Arduino in 

this case so data for distance fetched is used to actuate the water pump on the raspberry pi from 

the support to the main tank when distance is large enough. While indicating water levels for both 

tanks on the main WebApp page for user reference. 
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Chapter 5 EVALUATION 

In this chapter, an evaluation of the project is demonstrated. Certain areas of application that 

relate to the project will be discussed. These areas include business/marketing, environmental, and 

social aspects. One critical way of evaluating the project was by conducting a survey to a small 

population of people. The results of the survey will be detailed during this section.  

5.1 Relationships with Areas of Application 

5.1.1 Environmental Aspect 

When it comes to this project, it plays a role in the impact of the environment. E.Z.P.Z. is designed 

to help plant owners with taking care of their plants. Plant owners can monitor and control the 

well-being of their plants remotely, which increases response times to watering, nutrifying, and 

healing the plants. Thus, resulting in many plants’ lives being saved. 

5.1.2 Business and Marketing Aspect 

This project integrates itself into the business aspect by providing unique user-friendly products it 

is extremely marketable to plant hobbyist based on the market research provided below that 

suggests the features of the deign approach would spark investors interest for adopt investing in 

the product as a popular demand product that can reach even higher demand after optimization and 

implementing future work features such as batteries and solar panel.  More innovative by adding 

more features, no such system has its own database and features. 

5.1.3 Social Aspect 

Having a smart pot that does most of the work for a person, would look extremely attractive 

to some people. Furthermore, being ahead of people with technology might raise their social status. 

5.2 Survey Results 

In this section, a small sample of people were surveyed with questions that helped analyze 

and evaluate the E.Z.P.Z. system. With the use of the survey, a prediction may be done about the 

need for such a product in the Kuwaiti Society. The survey was distributed to forty people who are 

all residents of Kuwait. The age distribution of the surveyed people is shown in the figure below: 
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Figure 5.1: Ages of Surveyed People 
 

 It is important to know the age of the people who are interested in such a product, as the 

way the user interacts with the web application differs based on their age. Most importantly, the 

extent of automation depends on the age demographic.  

 Other parameters were taken to check the validity of the surveyed population’s knowledge 

of the topic. Around 21 out of the 40 people surveyed have at least some sort of experience with 

home gardening and all 40 people are smartphone users.  

  When asked if they ever used any type of smart gardening device, only a single person 

answered yes. Although this may seem somewhat worrying, when asked if this product would 

meet their needs 20 out of the 40 people answered that it does. This means that the product would 

be somewhat in need since 50% of the surveyed people said that they would need it. 

 Furthermore, only 2 out of the 38 people who chose to answer when asked, said that the 

product was not unique. This results in a 94.74% of acceptance rate to the uniqueness of the 

product. 

 By observing the previous results gathered from the survey, it is evident that the E.Z.P.Z. 

system is regarded as a wanted product. The automated parameters that the system fulfills seemed 

to be somewhat unique to most people and sparked the interests of many. By conducting a survey, 

the E.Z.P.Z. system demonstrates usefulness & feasibility. 
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Under 18 18-24 25-34 35-44 45-54 55-64 65+
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Chapter 6 CONCLUSION AND FUTURE WORK 

This chapter concludes the report and is divided into two sections. The first section concludes 

and summarizes the previous chapters. The second section demonstrates some of the ideas that are 

to be considered for future developments of the project. 

6.1 Conclusion 

This project set out to create a way for homeowners and people living in urban areas to be 

able to plant indoors with ease. This was set out to be accomplished by creating a product with a 

system that fully automates the growth of a plant, as well as to allow the user to monitor the 

wellbeing of their plant remotely. The project was meant to be a system that runs on real-time, 

which was. Easy to assemble. To decrease the overall death rate of plants. To make it easier and 

less of a burden for indoor plant growers to maintain the wellbeing of their plant. 

6.2 Future Work 

The proposed future plans for this prototype are to have the addition of solar panels and/or 

batteries to increase mobility, as well as making the product more eco-conscious and sustainable. 

This needs to be thought of with the final design in mind as it would be preferred to be slightly 

sleeker, smaller, and more compact. Another aspect of enhancement would be to have a system 

that is bootable and standalone since the raspberry pi was used in this iteration of design, it was 

not possible to make it as such.  The last two ideas that may be adopted in the future would be to 

incorporate a notification system that notifies the user of any changes happening or just as 

reminders to check on the plant pot, and possibly have Artificial Intelligence working to further 

the concept of full automation and expand on the idea of diagnostic as a preventive or curative 

measure. 
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Chapter 8 APPENDIX 

8.1 Appendix A: Raspberry PI (App.py) 

# Flask App 

from flask import Flask, render_template, redirect 

import spp 

app = Flask(__name__, 

            static_url_path='', 

            static_folder='/home/pi/Desktop/Newww/static', 

            template_folder='/home/pi/Desktop/Newww/template') 

@app.route('/') 

def mainpage(): 

    spp.automode() 

    return render_template('webapp.html') # Renders the mainpage.html file on the webpage "/" 

@app.route('/spray') 

def spray(): 

    spp.pump(spp.PesticidePump,1) 

    return redirect('/') 

@app.route('/picture') 

def picture(): 

    spp.camSave() 

    return redirect('/') 

@app.route('/snap') 

def snap(): 

    spp.camView() 

    return redirect('/') 

@app.context_processor 

def context_processor(): 

    return dict(potlevel = spp.potlevel(), tanklevel = spp.isTankWaterSufficient()) 
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8.2 Appendix B: Raspberry PI (Spp.py) 

 

#spp = smart plant pot 

import sys 

import RPi.GPIO as GPIO 

import time 

from picamera import PiCamera 

from time import sleep 

from datetime import datetime 

  

# GPIO pins for pump 

GPIO.setmode(GPIO.BCM) 

  

# ----------- PIN SETUP ------------ 

# DHT11 

DHT11 = 0 

Fan = 5 

GPIO.setup(DHT11, GPIO.IN) 

GPIO.setup(Fan, GPIO.OUT) 

# UVLight 

UVSM = 13 # Connected to UV Light Sensor Module 

UVLight = 6 # Connected to Relay which is connected to UV light 

GPIO.setup(UVLight, GPIO.OUT) 

GPIO.setup(UVSM, GPIO.IN)  

# PH 

PHSensorBit1 = 26 

PHSensorBit2 = 19 

PHUp = 12 

PHDown = 1 

GPIO.setup(PHUp, GPIO.OUT) 

GPIO.setup(PHDown, GPIO.OUT) 

GPIO.setup(PHSensorBit1, GPIO.IN)  

GPIO.setup(PHSensorBit2, GPIO.IN)  

# Pesticide and Camera 

PesticidePump = 20 
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GPIO.setup(PesticidePump, GPIO.OUT) 

# UltraSonic 

TRIG = 23 

ECHO = 24 

TRIG2 = 25 

ECHO2 = 8 

WaterPump = 21 

GPIO.setup(WaterPump, GPIO.OUT) 

GPIO.setup(TRIG,GPIO.OUT) 

GPIO.setup(ECHO,GPIO.IN) 

GPIO.setup(TRIG2,GPIO.OUT) 

GPIO.setup(ECHO2,GPIO.IN) 

GPIO.output(TRIG, False) 

GPIO.output(TRIG2, False) 

  

GPIO.output(WaterPump,True) 

GPIO.output(PesticidePump,True) 

GPIO.output(PHUp,True) 

GPIO.output(PHDown,True) 

GPIO.output(Fan,True) 

GPIO.output(UVLight,True) 

  

# ------------- Water Tank Filling ---------------- 

  

def checkWaterLevel(x,y): 

    time.sleep(2) 

    GPIO.output(x, True) 

    time.sleep(0.00001) 

    GPIO.output(x, False) 

  

    while GPIO.input(y)==0: 

        pulse_start = time.time() 

    while GPIO.input(y)==1: 

        pulse_end = time.time() 

  

    pulse_duration = pulse_end - pulse_start 

    distance = pulse_duration * 17150 
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    distance = round(distance, 2) 

    return distance 

  

def isPotWaterSufficient(): 

    approvedWaterLevel = 4 # Half full tank is an approved water level 

    if(checkWaterLevel(TRIG,ECHO)>approvedWaterLevel): 

        return True 

    else: 

        return False 

     

def potlevel(): 

    if(checkWaterLevel(TRIG,ECHO)<4): 

        return "High" 

    else: 

        return "Low" 

  

def isTankWaterSufficient(): 

    if(checkWaterLevel(TRIG2,ECHO2)<4): 

        return "High" 

    else: 

        return "Low" 

  

def pump(x,y): 

    sendToLog("pump used is connected to pin:"+ str(x)+ " is used for:" +str(y*1.5*2)+" seconds") 

    GPIO.output(x,False) 

    # print ("Pumping Water for 1.5 seconds") 

    time.sleep(1.5*y) 

    GPIO.output(x,True) 

    time.sleep(1.5*y) #delay to prevent continous operation 

  

# Auto Mode Watering Function 

def waterautomode(): 

    sendToLog("pot water level is being checked") 

    if(isPotWaterSufficient()): 

        print("Pot is half full") 

        sendToLog("Pot is half full") 

    else: 
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        print("Pot needs water") 

        sendToLog("Pot needs water") 

        sendToLog("pumping water to Pot") 

        pump(WaterPump,1) 

  

# ------------- Camera ---------------- 

  

camera = PiCamera() 

  

def camSave(): 

    camera.capture('image.jpg') 

    sendToLog("snapshot saved!") 

     

def camView(): 

    camera.start_preview() 

    sleep(5) 

    camera.stop_preview() 

    sendToLog("viewed plant!") 

  

# ------------- PH System ---------------- 

def phautomode(): 

    if(not(GPIO.input(26)) and (GPIO.input(19))): 

        pump(PHDown,1) 

    elif (not(GPIO.input(19)) and (GPIO.input(26))): 

        pump(PHUp,1) 

  

# ------------- log ---------------- 

  

def logCreator(): 

    f= open("logFile1a.txt","w") 

    print("log created!") 

    sendToLog("file was created!") 

    f.close() 

  

def sendToLog(valuetostore): 

   f= open("logFile1a.txt","a") 

   f.write(valuetostore +" @"+datetime.now().strftime("%d/%m/%Y %H:%M:%S")) 
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   f.write("\n") 

   f.close() 

  

# ------------- DHT11 ---------------- 

  

def autoFan(): 

    if(GPIO.input(DHT11)): 

        GPIO.output(Fan, False) 

        print("fan is ON!") 

        sendToLog("fan is ON!") 

  

    else: 

        GPIO.output(Fan, True) 

        print("fan is OFF!") 

        sendToLog("fan is OFF!") 

  

# ------------- Grow Light System ---------------- 

  

# Function for turning UV Light ON 

def turnOnLight(): 

    GPIO.output(UVLight,False) 

    print ("Light Turned ON") 

    sendToLog("Light Turned ON") 

  

# Function for turning UV Light OFF 

def turnOffLight(): 

    GPIO.output(UVLight,True) 

    print ("Light Turned OFF") 

    sendToLog("Light Turned OFF") 

  

# Auto Mode Lighting Function 

def UVLightautomode(uvsensor): 

    if(GPIO.input(uvsensor)): 

        print("Light detected")  

        sendToLog("Light detected") 

  

        turnOffLight() 
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        sendToLog("turning off grow Light") 

  

    else: 

        print("No light detected") 

        sendToLog("No Light detected") 

  

        turnOnLight() 

        sendToLog("turning on grow Light") 

  

# ------------- Full Automation ---------------- 

def automode(): 

    sleep(2) 

    waterautomode() 

    print("water auto mode") 

    sleep(2) 

    UVLightautomode(UVSM)  

    sleep(2) 

    autoFan() 

    sleep(2) 

    phautomode() 

    print("ph auto mode") 

    sleep(2) 

  

  

     

 

 

 

 

 

8.3 Appendix C: Webpage.html 

<!DOCTYPE html> 

<html> 

<head> 

<meta charset="utf-8"> 

<meta http-equiv="refresh" content="60"> 
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<title>E.Z.P.Z. Main Page</title> 

<style> 

h1 {text-align: center;} 

p {text-align: left;} 

.button { 

  border: none; 

  color: white; 

  padding: 20px 45px; 

  text-align: center; 

  text-decoration: none; 

  display: inline-block; 

  font-size: 16px; 

  margin: 4px 2px; 

  cursor: pointer; 

} 

.button1 {background-color: #4CAF50;} /* Green */ 

.button2 {background-color: #008CBA;} /* Blue */ 

.button3 {background-color: #FC8EAC;} /* FLAMINGO */ 

</style> 

</head> 

<body> 

<h1>E.Z.P.Z.</h1> 

<picture> 

  <source media="(max-width:120px)" srcset="image.jpg"> 

  <img src="image.jpg" alt="plantView"  style="width:250px;height:250px;center:auto;"> 

</picture> 

<p>An Automated Hydroponic System</p> 

<p> The Pot's Water level is {{potlevel}} </p> 

<p> The Tank's Water level is {{tanklevel}} </p> 

<button class="button button1" onclick="myFunctionSnap()">View Plant</button> 

<button class="button button2" onclick="myFunctionSpray()">spray pesticide</button> 

<button class="button button3" onclick="myFunctionPicSave()">save a picture</button> 

<script> 

function myFunctionPicSave() { 

  location.href="/picture"; 

      } 

    </script> 
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<script> 

  function myFunctionSpray() { 

   location.href="/spray"; 

      } 

    </script> 

<script> 

  function myFunctionSnap() { 

    location.href="/snap"; 

      } 

    </script> 

<p></p> 

<object data="logFile1a.txt" type="text/plain" 

width="500" style="height: 300px"> 

<a href="logFile1a.txt">No Support?</a> 

</object> 

</body> 

</html> 

 

 

 

 

 

 

8.4 Appendix D: Arduino Code 

#include <dht.h> 

 

 

#define dht_apin A2 // Analog Pin sensor is connected to 

  

dht DHT; 

 

#define PhSensorPin 1          // the pH meter Analog output is connected with the Arduino’s Analog 

unsigned long int avgValue;  //Store the average value of the sensor feedback 

float b; 
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int buf[10],temp; 

int sensorValue; 

 

void setup() 

{ 

   

  delay(500);//Delay to let system boot 

   

  pinMode(A0,INPUT); // UV Sensor 

  pinMode(A1,INPUT); // PH Sensor 

  pinMode(8,OUTPUT); // PH Sensor Output 

  pinMode(7,OUTPUT); // PH Sensor Output 

  pinMode(6,OUTPUT); // UV Sensor Output 

  pinMode(5,OUTPUT); // DHT Sensor Output 

  pinMode(4,OUTPUT); // DHT Sensor Output 

  digitalWrite(4, HIGH); 

 

   

  Serial.begin(9600); // For debugging  

  delay(1000);//Wait before accessing Sensor  

  Serial.println("Ready");    //Test the serial monitor 

   

} 

 

 

void loop() 

{ 

   

 sensorValue=analogRead(A0); 

 Serial.print("UV (voltage):"); 

 int lightIntensity = sensorValue*5000/1023.0; 
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 Serial.print(lightIntensity); 

 Serial.println("mV"); 

 delay(1000); 

 Serial.print("\n"); 

 

 if(lightIntensity){ 

    digitalWrite(6, HIGH); 

  } 

else { 

  digitalWrite(6, LOW); 

 }  

 

  for(int i=0;i<10;i++)       //Get 10 sample value from the sensor for smooth the value 

  {  

    buf[i]=analogRead(PhSensorPin); 

    delay(10); 

  } 

  for(int i=0;i<9;i++)        //sort the analog from small to large 

  { 

    for(int j=i+1;j<10;j++) 

    { 

      if(buf[i]>buf[j]) 

      { 

        temp=buf[i]; 

        buf[i]=buf[j]; 

        buf[j]=temp; 

      } 

    } 

  } 

  avgValue=0; 

  for(int i=2;i<8;i++)                      //take the average value of 6 center sample 
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    avgValue+=buf[i]; 

  float phValue=(float)avgValue*5.0/1024/6; //convert the analog into millivolt 

  phValue=3.5*phValue;                      //convert the millivolt into pH value 

  Serial.print("pH:");   

  Serial.print(phValue,3); 

  Serial.print("\n"); 

 

  if(phValue>5.5 && phValue<7){ 

    Serial.print("pH: nothing"); 

    Serial.print("\n"); 

    digitalWrite(7, LOW); 

    digitalWrite(8, LOW); 

  } 

  else if(phValue>=7){ 

    Serial.print("pH: down");   

    Serial.print("\n"); 

    digitalWrite(7, LOW); 

    digitalWrite(8, HIGH); 

  } 

  else{ 

    Serial.print("pH: up"); 

    Serial.print("\n"); 

    digitalWrite(7, HIGH); 

    digitalWrite(8, LOW); 

  } 

 

   

  digitalWrite(13, HIGH);        

  delay(800); 

  digitalWrite(13, LOW);  
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 DHT.read11(dht_apin); 

  

 delay(1000);//Wait 5 seconds before accessing sensor again. 

 if((DHT.humidity>=60)||(DHT.temperature>=28)){ 

  digitalWrite(5, HIGH); 

  Serial.print("Fan is on"); 

  Serial.print("\n"); 

 } 

 else{ 

  digitalWrite(5, LOW); 

  Serial.print("\n"); 

  Serial.print("Fan is off"); 

  Serial.print("\n"); 

 } 

 

 

  Serial.print("Current humidity = "); 

  Serial.print(DHT.humidity); 

  Serial.print("%  "); 

  Serial.print("temperature = "); 

  Serial.print(DHT.temperature);  

  Serial.println("C  "); 

  Serial.print("\n"); 

 

} 


