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ABSTRACT 
This project relates to the trend of technology nowadays, the Internet of Things (IoT). The 

project title “Arduino Based IoT Gardening System” targets to utilize the IoT technology to 

improve gardening experience. By using Arduino and IoT technologies, an automated 

gardening solution is created to enable users to remotely oversee the environmental conditions 

of their garden. This project will utilize varieties of sensors to collect environmental data such 

as soil moisture sensor, temperature and humidity sensor, light intensity sensor, and the air 

quality sensor. The data collected will be processed and send to the users’ devices in graph 

form.  

 

The Arduino Based IoT Gardening System introduces a few innovative functions such as 

Automated Irrigation, Collection of Environmental Data and Notifications. The objective of 

the project is to improve plant care efficiency and to utilize the resources efficiently. This 

project emphasis on simplicity, allowing amateur or expert to use it easily to improve their 

gardening experience with technologies.  

 

This project mainly focusses on increasing the sustainability and utilizing the resources 

efficiently compared to the traditional gardening methods. On the other side, the use of Internet 

of Things (IoT) helps user to keep track on the environmental data remotely without having to 

physically observe their garden. This project provides beneficial contribution to the domains 

of automated gardening and smart gardens. 
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Chapter 1 

Introduction 
The background and objective of the project titled “Arduino Based IoT Gardening” will be 

discussed in this chapter. Besides, any research related to the topic stated above as well as the 

thesis related to this project will be defined. 

 

1.1 Problem Statement and Motivation 

In this modern era, gardening activities can be seen as decreasing across the years, most of the 

reasons are lack of time, not interesting or bored in the traditional way of gardening. Traditional 

gardening methods mostly rely on human monitoring and manual care of the plants, which is 

quite troublesome and might get bored after some time. Furthermore, most of the individuals 

are separated from their plants because of outstation jobs or often travelling, lack of data of 

their plant surroundings and lack of care of their plant are not ideal. 

 

The motivation of this project “Arduino Based IoT Gardening System” arises from the needs 

to overcome few constraints with traditional gardening method such as watering manually and 

providing enough light for the plant manually. Other than that, breaking the limit of remote 

users to take care and know their plants surroundings data motivates this project. 

 

1.2 Objectives 

In this project, the objectives are providing users with the opportunity to monitor their plant’s 

surrounding remotely and users will not have to manually take care of their plants. With the 

help of IoT technologies, data of the plant’s surroundings can be processed and sent to the 

user’s device, providing useful data for users to keep track on their plant’s surrounding. Besides 

that, automated by using the Arduino to handle the automation of gardening provides users 

more flexible time to do their jobs, automated system will take place according to the sensor 

readings, therefore effectively managing the resources such as water and energy. 

 

 

 

 

 

Joey Lok
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1.3  Project Scope and Direction  

The purpose of the project “Arduino Based IoT Gardening System” will be developing a 

system that can automatically observe the plant’s surrounding information and provide 

automated plant care for the plants. Besides that, the collected data will be processed into 

graphical form to ease users to keep track on their plant’s situation. To achieve this, both 

hardware and software are required. 

 

The hardware part includes Arduino UNO, sensors, and irrigation. Besides, the software part 

includes Arduino IDE as well as Python and few of the libraries to help process the data and 

send them to the users through Telegram Application. 

 

In short, this project aims to improve individual’s interests towards automated gardening, 

helping amateur gardeners to improve their gardening experience and lastly to reimagine the 

future of gardening for the good of both human developments and our planet. 

 

1.4  Contributions 

This project, “Arduino Based IoT Gardening System” provides three main contributions by 

providing an advanced gardening system, improving the utilization of resources efficiently, 

and to enhance the user experience in gardening while promoting an ideal environment 

condition that can promote plant development. By integrating the hardware components and 

software technologies, all the automations will take place based on the sensor’s readings, 

ensuring the needs of certain resources before providing them, collected data will be delivered 

to the users after processing, making sure the users are acknowledged with the plant 

surroundings. 
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1.5  Report Organization 

The following chapters will explore deeper into the project “Arduino Based IoT Gardening 

System” with detailed explanations. Chapter 1 explained the general project information and 

purposes, Chapter 2 will be reviewing related topics. Chapter 3 will be explaining the plans 

and how the flow should go. In Chapter 4, things such as how it works, how to make it work 

and the design will be discussed. Reaching Chapter 5, more of the setups and operations will 

be shown here. In Chapter 6, testing will be carried out and results are to be evaluated here. 

Lastly is the Chapter 7, conclusion and recommendations, this chapter will conclude the project 

and recommendations are given for further improvements.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Bachelor of Information Technology (Honours) Computer Engineering  
Faculty of Information and Communication Technology (Kampar Campus), UTAR 
    4 
 

Chapter 2 

Literature Review 
2.1 The influence of humidity for plant growth forecasting. 

The journal article [1], written by S.Y Chia and M. W. Lim, according to their research based 

on scientific basis and theories, they summarized the relationship between relative humidity 

(RH) and lettuce growth. The journal suggests that increasing the RH will give positive impact 

towards the physical growth of lettuce. Physical growth here means the length of the leaf, width 

of the leaf and the dry weight of the leaf.  

 

 
Figure 1 Results done by the article [1] 

 

According to the data and experiments conducted in the article, increased RH has improved 

the lettuce leaf length about 10±3%, leaf width approximately 2±1% and the aerial dry weight 

increased about 28±2%. By concluding the data conducted, they stated that 85±2 is the most 

optimal relative humidity level to improve lettuce growth. 

 

This article had done a great job in proving the effects of RH towards the growth of lettuce, 

effectively summarized the relationship between RH and lettuce growth. By the evidence 

shown in the article, its clear that higher RH levels are beneficial, specifically around 85±2%. 

 

 
 
 
 
 
 
 

Joey Lok
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2.2 Similar project done by other researchers. 
 

By reviewing [2], written by V. Kumar. P, K. C. Ramya, Abishek. J.S, Arundhathy. T.S, 

Bhavvya. B and Gayathri. V, it can be observed that they separate their focuses nicely and 

clearly, for instance, the automation in agriculture, the sensor technologies & how those sensors 

work, remote monitoring and control, resource conservation and they even included the future 

directions in smart agriculture.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Setup of system in [2] 

Figure 3 Specification of equipment shown in [2] 
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Referring to their proposed system, components and specifications shown above, I think they 

are doing a simple demonstration only, because they are using the DHT11 instead of DHT22 

(a better sensitivity temperature and humidity sensor), and using a simple 10W bulb, which 

technically does not benefit the plants. But anyway, their explanations are clear and 

understandable, where users can modify and recreate the project. Besides that, there’s a major 

issue found in this paper, they mentioned the observation of data from an android application, 

but however, the software and hardware part in implementing them are not mentioned in the 

paper, even the image of the set up does not contain any modules or component that enables 

that function. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Bachelor of Information Technology (Honours) Computer Engineering  
Faculty of Information and Communication Technology (Kampar Campus), UTAR 
    7 
 

2.3 IoT- Based Smart Gardening System 

Referring to the article [3] titled IoT Based Smart Gardening System, the authors provided a 

well detailed report about their project in smart gardening, with many visual aids and 

explanations on the components and their functionality. According to the methodology 

provided, they are using NodeMCU as the central unit to coordinate the sensors and actuators. 

By using the NodeMCU, the IoT is made easy to be implemented by using Cloud platforms, in 

this paper, they are making use of the Blynk IoT platform. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

By referring to the system architecture design shown above, they’re implementing three 

sensors, soil moisture sensor, LDR sensor, and DHT11 sensor. Most research uses DHT11 

might be the reason that gardening may not require high sensitivity sensor and it is more cost 

effective. Other than that, they included a Servo Motor which act as the fertilizer dispenser 

which is a good point here where some plants require more nutrients to bloom or grow 

physically.  

 
 
 
 
 
 
 
 
 

Figure 4 Block Diagram provided in [3] 
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2.4 Effect of Illumination Towards Plant Growth 

This article [4] is being reviewed to understand the actual need of a plant, especially the light 

intensity required by a plant and type of illumination required. Based on the research of the 

article stated, LED lights are generally proven beneficial for plant growth, especially in 

controlled environments like greenhouses or indoor.  

 

After reading through the article, there are number of points pointing towards the advantages 

of using LED lights for plantations, namely energy efficiency, spectrum customization 

(combining few colors of LEDs to provide a specific wavelengths of light), durability and 

minimal heat output. For the specific wavelengths for plant growth, the most effective 

combination stated in the article is Red from 640-720nm, as Red is important for flowering and 

fruiting; Blue from 425-490nm, that improves vegetative growth and chlorophyll production; 

and lastly Green from 490-560nm, allowing it to penetrate deeper into the plant canopy. LED 

would be a great choice as it has longer lifespan, simple maintenance and it reduce less heat, 

lowering the chances of plants getting heat stress in a closed area. 

 

According to my understanding, this article tries to express the benefits of LED lights towards 

plant growth, but however, the research does not stop there, as there’re many types of situations 

where different plants and environment will require different cares, therefore ongoing research 

and development are crucial to optimize and fully realize their potential in the agriculture field. 
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2.5 Importance of Soil Moisture for Plant Growth 

To understand the importance of soil moisture for plants, an article [5] is studied. Referring to 

the article, experiment is conducted using commercial soil hygrometer sensor, which is an 

advanced soil moisture sensor to detect the soil moisture and DHT11 sensor to measure the 

temperature and humidity. No control elements for temperature and humidity as it only 

focusses on the effect of soil moisture. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Next, the soil moisture readings were taken at different stages to show the different volumes 

of water affects the soil moisture. Then continuing the experiment by measuring the growth of 

the plant by measuring the stem diameter. Result shown in the figure above shows that higher 

soil moisture levels improve the diameter of the plant stem, proving that suitable soil moisture 

is crucial for plant growth. 

 

The article concluded the experiment such that the experiment conducted was successful as the 

soil moisture, temperature and humidity are monitored and soil moisture is proven to be crucial 

in plant growth, but excessive watering will lead to water waste and future improvements such 

as adding a control element like a fan to control the temperature and humidity can be 

implemented if necessary. 

 

Figure 5 Results of experiment provided in [5] 
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Chapter 3 

System Methodology/Approach OR System Model 
3.1 System Design Diagram 

3.1.1 System Architecture Diagram 

 

 

Above is the system architecture diagram of this project, Arduino will be acting as the main 

character here as it will collect sensor data from sensors and automate the actuators based on 

the sensor readings, then readings are then logged to be parsed by Python program and soon be 

plotted into graphs. Finally, the graphs are to be sent to the users via Telegram platform by 

using BotFather, which basically allows users to create and modify their own bot and 

functionality, then the bots will send the graphs to the users for observation. 

 

 

 

 

 

 

 

 

Figure 6 System Architecture Diagram for the System 
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3.1.2 Use Case Diagram and Description 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Based on the diagram shown above, there are four actors: User, Python, Telegram and Arduino. 

The user will be the end user that monitor the graphs received in telegram. Then, Python will 

be acting as a script that processes the data parsed from Arduino to generate graphs and sends 

them to the bot in Telegram. Telegram is a social media application that provides messaging 

services, in this case it is used to send updates to the user. Lastly the Arduino will be the 

microcontroller acting as the center of the system, controlling the system traffic. 

 

After that, there are six use cases in the use case diagram shown: sensor monitor readings, 

automate irrigation, log data, plot data, send data to user and open telegram. First, sensor 

monitor readings to be read by Arduino, then Arduino activates the actuators which are the fan, 

light and water pump based on the reading’s threshold. Then, the readings are logged and 

plotted into graphs by Python Scripts, then the graphs are to be sent to the Telegram Bot and 

displayed to the user when user open the Telegram to check for the graphs. 

Figure 7 Use case diagram for the system 
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3.1.3 Activity Diagram 

 

Referring to the activity diagram above, Arduino will start initiate all the sensors and actuators, 

then collect the data from the sensors, comparing the readings to the predefined thresholds to 

take required actions such as turning on the LED, then the readings will be logged and parsed 

by the Python Scripts, the script will first store the data into a text file, when data are sufficient, 

graphs will be plotted and being sent to the Telegram Bot, then the graphs are delivered to the 

user to observe. 

 

The steps are set to loop, unless the user end the phyton script, the readings are being collected 

and observed by Arduino every 4 hours. Then the python script will plot the graphs when 6 

complete readings are stored, and soon send the graphs to the Telegram Bot to be displayed to 

the user. 

 

The activity diagram flow emphasizes on continuous monitoring, automated irrigation, data 

logging and parsing and lastly user notifications. 

Figure 8 Activity Diagram of the system 
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Chapter 4 

System Design 
4.1 System Block Diagram 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This project can be broken into two main parts, the hardware and software part. Hardware part 

will be consisting of the Sensors unit, Actuators Unit and the Center, Arduino UNO. On the 

other hand, the software consists of the Arduino IDE, Python and the Telegram Bot, which also 

can be considered as the cloud service in this case.  

 

Sensors unit has multiple sensors, namely the soil moisture sensor to read soil moisture level, 

air quality sensor to detect the quality of the surrounding air, raindrop sensor to detect rain, 

DHT22 sensor to collect data of the temperature and humidity, ultrasonic sensor to detect the 

water level remaining and lastly the light dependent resistor to read the light intensity. 

Actuators unit consist of light, the full spectrum LED that can benefit the plant growth, water 

pump to water the plant and fan to improve the air circulation. 

 

Arduino IDE is used to program the Arduino UNO; Python script will act as the data processor 

to process the data into graphs and send them to the Telegram. 

 

Figure 9 System Block Diagram of the system 
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4.2 System Components Specifications 

 

Table 1 Components Specifications 

Components Specifications 

Arduino Board Arduino UNO (5V) 

Soil Moisture Sensor FC-28 (3.3V) 

Temperature and Humidity Sensor DHT22 (3.3V) 

Light Intensity Sensor Light Dependent Resistor (3.3V) 

Raindrops Sensor Raindrop Sensor (3.3V) 

Water Level Sensor Ultrasonic Sensor (5V) 

Air Quality Sensor MQ-135 (3.3V) 

Water Pump DC Submersible Motor (5V1A) 

Fan Portable Fan (5V1A) 

Light Full spectrum LED (5V1A) 

PC MacOS 

Power Supply Socket Adapter (5V for Arduino, 3V for Actuators 

Relay) 

 

The specifications of the components are shown in the table above, the specific component 

names are listed in the table too. The actuators such as water pump, fan and light will be 

connected to the Arduino UNO using a 4 channel Relay Board, this is to allow controls from 

the Arduino UNO to the individual actuators. 

 

 

 

 

 

 

 

 

 

 

 
Figure 10 Four channel Relay board 
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4.3 Circuits and Component Design 

 

Figure 11 is the circuits and component design in a schematic way, but the components are 

being set up with the help of a breadboard. According to the diagram, most of the sensors such 

as air quality sensor module, soil moisture sensor module, raindrops sensor module and LDR 

sensor module are connected to the Arduino UNO using the Analog Pins, while the DHT22 

sensor and ultrasonic sensor are connected using Digital Pins. Then, three Digital Pins are set 

to output to send signals to the relay board to activate the actuators when needed. A power 

supply (5V1A) will be used to provide power to the actuators when needed to be activated. 

 

 

 

 

 

 

Figure 11 Schematic Diagram of the system built 
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4.4 System Components Interaction Operation 

 

 

 

 

 

 

 

 

 

 

 

Figure 12 System Components Interaction Operation Diagram of the system 
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Figure 13 Flowchart of the System 

 

Referring to the system components interaction operation diagram, the operation flows from 

the right to the left starting from sensors reading data and read by the Arduino UNO, then 

Arduino will control the actuators based on the predefined threshold of the readings. After that, 

the readings are being logged and parsed by a PC that has the python script running, the python 

script will then process the data into graphs illustrations. When the graphs are ready, they will 

be sent to the telegram bot and soon be sent to the users to be viewed. The explained process 

from the sensors/actuators to pc(python) will be looped every four hours, where else the process 

from pc(python) to user will only run when the previous activity run for six times (six times 

multiply four hours equals to twenty-four, one day). 
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Chapter 5 

System Implementation 
5.1 Hardware Setup 

 

 

  

Figure 14 Hardware setup of the Arduino UNO and Relay board 

Figure 15 Power supply for Arduino UNO and Actuators 
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Figure 17 DHT22 Sensor, MQ-135 Sensor, Water pipe, Fan and Full Spectrum LED 

set up on the plant 

Figure 16 Water pump (in the water) and Ultrasonic Sensor to detect water level 
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The above figures show the hardware setup for the project, Figure 13 shows the connection of 

the Arduino with the sensors, actuators and relay based on the design shown in Chapter 4.3. 

For the power supply for the actuators, unwanted USB cables are cut to be used to connect the 

power supply to the actuators via relay, then a power adapter for Arduino is used to provide 

power to the board, shown in Figure 13 and 14. In Figure 15, it shows the plant being planted 

with sensors as well as actuators such as fan, LED and the water pipe that is connected to the 

water pump in Figure 16. A series of sensors such as DHT22, Soil Moisture Sensor, Air Quality 

Sensor and Ultrasonic Sensor can be seen in both figures. For the raindrop sensor in Figure 17, 

it is connected uniquely as it needs to detect raindrops, in this case, it is connected and extended 

to the side of the corridor using connecting wires. Besides that, the LDR sensor in Figure 18 

that collect intensity readings are connected far away from the LED, because it needs to detect 

the sunlight instead of the corridor lights. 

  

Figure 18 Raindrop sensor (left) 

Figure 19 LDR (Light intensity sensor) 
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5.2 Software Setup 

 

  

#include <DHT.h> 
#define DHTPIN 6 
#define DHTTYPE DHT22 
DHT dht(DHTPIN, DHTTYPE); 
#define trigPin 9 
#define echoPin 10 
#define LDRAnalog A0 
#define rainAnalog A1 
#define moistAnalog A2 
#define airAnalog A3 
 
// Variables 
int chk; 
float humi; 
float temp; 
int moist; 
int sensor_pin = A0; 
int output_value; 
long duration, distance; 
int airValue; 
int rainValue; 
int intensityValue; 
 
void setup() { 
  Serial.begin(9600); 
  Serial.println("Setup started..."); 
  dht.begin(); 
  pinMode(5, OUTPUT);    // water pump 
  pinMode(3, OUTPUT);    // light 
  pinMode(2, OUTPUT);    // fan 
  digitalWrite(5, HIGH); // water pump off 
  digitalWrite(3, HIGH); // light off 
  digitalWrite(2, HIGH); // fan off 
  pinMode(9, OUTPUT);    // Sets the trigPin as an OUTPUT 
  pinMode(10, INPUT);    // Sets the echoPin as an INPUT 
} 

Figure 20 Arduino IDE Code Snippet 1 
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void loop() { 
  // Run the main loop code 
  Serial.println("Running main loop code..."); 
  // DHT22 Codes 
  humi = dht.readHumidity(); 
  temp = dht.readTemperature(); 
  Serial.print("Humidity: "); 
  Serial.print(humi); 
  Serial.print("%     "); 
  Serial.print("Temp: "); 
  Serial.print(temp); 
  Serial.println("°C"); 
 
  // MQ135 Sensor 
  airValue = analogRead(airAnalog); 
  Serial.print("The amount of Oxygen (in PPM): "); 
  Serial.println(airValue); 
  if (airValue < 300) { 
    Serial.println("Status: Bad air quality! Auto turning fan on."); 
    digitalWrite(2, LOW); 
  } else { 
    Serial.println("Status: Air quality normal! Fan will be off."); 
    digitalWrite(2, HIGH); 
  } 
 
  // Raindrops sensor 
  rainValue = analogRead(rainAnalog); 
  rainValue = map(rainValue, 700, 300, 0, 100); 
  if (rainValue < 30) { 
    Serial.println("Status: Not raining."); 
    rainValue = 0; // Not raining 
  } else if (rainValue < 60) { 
    Serial.println("Status: Drizzling."); 
    rainValue = 1; // Drizzling 
  } else { 
    Serial.println("Status: Heavy rain."); 
    rainValue = 3; // Heavy rain 
  } 
 

Figure 21 Arduino IDE Code Snippet 2 
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  // LDR sensor 
  intensityValue = analogRead(LDRAnalog); 
  intensityValue = map(intensityValue, 640, 12, 0, 100); 
  Serial.print("Intensity: "); 
  Serial.println(intensityValue); 
  if (intensityValue < 40) { 
    Serial.println("Status: It is DARK! Auto turning lights on."); 
    digitalWrite(3, LOW); 
  } else { 
    Serial.println("Status: Sufficient Light! Turning lights off."); 
    digitalWrite(3, HIGH); 
  } 
  // FC-28 Sensor 
  moist = analogRead(moistAnalog); 
  moist = map(moist, 695, 15, 0, 100); 
  Serial.print("Moisture level: "); 
  Serial.print(moist); 
  Serial.println(" %"); 
  if (moist < 50) { 
    Serial.println("Status: Dry soil! Auto turning pump on."); 
    digitalWrite(5, LOW); 
    delay(500); 
    digitalWrite(5, HIGH); 
  } else { 
    Serial.println("Status: Sufficient water! Turning pumps off."); 
    digitalWrite(5, HIGH); 
  } 
  // Ultrasonic Sensor 
  digitalWrite(trigPin, LOW); 
  delayMicroseconds(2); 
  digitalWrite(trigPin, HIGH); 
  delayMicroseconds(10); 
  digitalWrite(trigPin, LOW); 
  duration = pulseIn(echoPin, HIGH); 
  distance = duration * 0.034 / 2; 
  distance = map(distance, 25, 10, 0, 6000); 
  Serial.print("Water Level: "); 
  Serial.print(distance); 
  Serial.println(" ml"); 
 
  // Log the data 
  logData(); 
 
  // Delay for 4 hours (14400000 milliseconds) 
  // Delay for 5 seconds during testing (5000 milliseconds) 
  delay(14400000);    

Figure 22 Arduino IDE Code Snippet 3 
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The figures above show the codes that is programmed into the Arduino UNO board using the 

Arduino IDE, Figure 20 will be the initialization, defining libraries and variables, and setup of 

the pins. Then the loop program is defined in Figure 21 and Figure 22, it collects readings from 

the sensors and map the readings into readable readings. Besides that, there are predefined 

threshold in multiple readings, for instance, the air quality, soil moisture and light intensity. 

These thresholds are set to activate the actuators when needed, providing automated irrigation. 

After that, the logData() function will be called to log the readings to be parsed to further 

processing, then a delay of 14400000 milliseconds or 4 hours will be called to loop the program 

again after 4 hours. Figure 23 shows the definition of the logData() function, it basically prints 

the reading data into the serial monitor which will then be parsed to the python script to be 

processed. 

 
 
 
 
 
 
 
 
 
 
 
 

void logData() { 
  Serial.print(", Humidity: "); 
  Serial.print(humi); 
  Serial.print(", Temp: "); 
  Serial.print(temp); 
  Serial.print(", Oxygen: "); 
  Serial.print(airValue); 
  Serial.print(", Rain: "); 
  Serial.print(rainValue); 
  Serial.print(", Light intensity: "); 
  Serial.print(intensityValue); 
  Serial.print(", Moisture: "); 
  Serial.print(moist); 
  Serial.print(", Water Level: "); 
  Serial.println(distance); 
} 

Figure 23 Arduino IDE Code Snippet 4 
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  import serial 

import time 
from datetime import datetime 
import matplotlib.pyplot as plt 
import telegram 
import os 
import asyncio 
from PIL import Image, ImageDraw, ImageFont 
import matplotlib.dates as mdates 
 
# Helper function to get or create an event loop 
def get_or_create_event_loop(): 
    try: 
        loop = asyncio.get_event_loop() 
        if loop.is_closed(): 
            loop = asyncio.new_event_loop() 
            asyncio.set_event_loop(loop) 
    except RuntimeError: 
        loop = asyncio.new_event_loop() 
        asyncio.set_event_loop(loop) 
    return loop 
 
# Asynchronous function to send images to a Telegram bot 
async def send_images_to_telegram(collage_image_file): 
    if os.path.exists(collage_image_file): 
        print(f"Sending {collage_image_file} to Telegram") 
        try: 
            with open(collage_image_file, 'rb') as photo: 
                await bot.send_photo(chat_id=chat_id, photo=photo) 
        except telegram.error.TimedOut: 
            print(f"Failed to send {collage_image_file} due to timeout") 
    else: 
        print(f"File {collage_image_file} does not exist") 
 
# Function to check if a serial port is available 
def is_port_available(port): 
    try: 
        ser = serial.Serial(port) 
        ser.close() 
        return True 
    except serial.SerialException: 
        return False 
 
# Function to format the x-axis of a plot 
def format_x_axis(): 
    plt.gca().xaxis.set_major_formatter(mdates.DateFormatter('%H:%M:%S')) 
    plt.gca().xaxis.set_major_locator(mdates.AutoDateLocator()) 
 
# Configure the serial port 
port = '/dev/cu.usbmodem1301' 
if is_port_available(port): 
    ser = serial.Serial(port, 9600)  
    time.sleep(2) 
else: 
    print(f"Port {port} is not available. Please check the connection.") 
    exit(1) 
 

Figure 24 Python Script Code Snippet 1 
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# Open a file to log the data 
log_file = open("sensor_data.txt", "w") 
 
# Dictionary to store the data for plotting, grouped by day 
data_by_day = {} 
 
# Telegram bot setup 
bot_token = '7400639437:AAFCq5-tN2Yw-t-XgEOavs1_0cM5UwWVu9o'  
chat_id = '-1002188288594' 
bot = telegram.Bot(token=bot_token) 
 
# Counter to track the number of data points plotted 
plot_counter = 0 
 
try: 
    while True: 
        # Read a line from the serial port 
        line = ser.readline().decode('utf-8').strip() 
        print(f"Received line: {line}") 
         
        # Log the data to the file 
        log_file.write(line + "\n") 
        log_file.flush() 
         
        # Parse the data 
        data = line.split(", ") 
         
        if len(data) == 7: 
            # Extract and convert data from the line 
            humidity = float(data[1].split(": ")[1]) 
            temperature = float(data[2].split(": ")[1]) 
            oxygen = int(data[3].split(": ")[1]) 
            rain = int(data[4].split(": ")[1]) 
            light_intensity = int(data[5].split(": ")[1]) 
            moisture = int(data[6].split(": ")[1]) 
            water_level = int(data[7].split(": ")[1]) 
             
            # Debugging: Print parsed values 
            print(f"Parsed Data - Humidity: {humidity}, Temperature: {temperature}") 
            date_str = datetime.now().strftime("%Y-%m-%d")        
             
            # Store the data in the dictionary 
            if date_str not in data_by_day: 
                data_by_day[date_str] = { 
                    'humidity': [], 
                    'temperature': [], 
                    'oxygen': [], 
                    'rain': [], 
                    'light_intensity': [], 
                    'moisture': [], 
                    'water_level': [] 
                } 

Figure 25 Python Script Code Snippet 2 
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          # Append the data to the corresponding lists 
            data_by_day[date_str]['humidity'].append(humidity) 
            data_by_day[date_str]['temperature'].append(temperature) 
            data_by_day[date_str]['oxygen'].append(oxygen) 
            data_by_day[date_str]['rain'].append(rain) 
            data_by_day[date_str]['light_intensity'].append(light_intensity) 
            data_by_day[date_str]['moisture'].append(moisture) 
            data_by_day[date_str]['water_level'].append(water_level) 
             
            # Plot the data and save as separate JPEGs 
            image_files = [] 
 
            plt.figure() 
            plt.plot(data_by_day[date_str]['humidity'], label='Humidity') 
            format_x_axis() 
            plt.xlabel('Time') 
            plt.ylabel('Humidity') 
            plt.title('Humidity over Time') 
            plt.legend() 
            humidity_image = f"{datetime.now().strftime('%Y-%m-%d_%H-%M-%S')}_humidity.jpg" 
            plt.savefig(humidity_image) 
            plt.close() 
            image_files.append(humidity_image) 
 
            plt.figure() 
            plt.plot(data_by_day[date_str]['temperature'], label='Temperature') 
            format_x_axis() 
            plt.xlabel('Time') 
            plt.ylabel('Temperature') 
            plt.title('Temperature over Time') 
            plt.legend() 
            temperature_image = f"{datetime.now().strftime('%Y-%m-%d_%H-%M-%S')}_temperature.jpg" 
            plt.savefig(temperature_image) 
            plt.close() 
            image_files.append(temperature_image) 
 
            plt.figure() 
            plt.plot(data_by_day[date_str]['oxygen'], label='Oxygen') 
            format_x_axis() 
            plt.xlabel('Time') 
            plt.ylabel('Oxygen') 
            plt.title('Oxygen over Time') 
            plt.legend() 
            oxygen_image = f"{datetime.now().strftime('%Y-%m-%d_%H-%M-%S')}_oxygen.jpg" 
            plt.savefig(oxygen_image) 
            plt.close() 
            image_files.append(oxygen_image) 
 
             
 Figure 26 Python Script Code Snippet 3 
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            plt.figure() 
            plt.plot(data_by_day[date_str]['rain'], label='Rain') 
            format_x_axis() 
            plt.xlabel('Time') 
            plt.ylabel('Rain') 
            plt.title('Rain over Time') 
            rain_legend_labels = ['0: No Rain', '1: Drizzling', '2: Heavy Rain'] 
            rain_handles = [plt.Line2D([0], [0], color='blue', lw=2, label=label) for label in rain_legend_labels] 
            plt.legend(handles=rain_handles) 
            rain_image = f"{datetime.now().strftime('%Y-%m-%d_%H-%M-%S')}_rain.jpg" 
            plt.savefig(rain_image) 
            plt.close() 
            image_files.append(rain_image) 
 
            plt.figure() 
            plt.plot(data_by_day[date_str]['light_intensity'], label='Light Intensity') 
            format_x_axis() 
            plt.xlabel('Time') 
            plt.ylabel('Light Intensity') 
            plt.title('Light Intensity over Time') 
            plt.legend() 

light_intensity_image = f"{datetime.now().strftime('%Y-%m-%d_%H-%M-
%S')}_light_intensity.jpg" 

            plt.savefig(light_intensity_image) 
            plt.close() 
            image_files.append(light_intensity_image) 
 
            plt.figure() 
            plt.plot([date_str]['moisture'], label='Moisture') 
            format_x_axis() 
            plt.xlabel('Time') 
            plt.ylabel('Moisture') 
            plt.title('Moisture over Time') 
            plt.legend() 
            moisture_image = f"{datetime.now().strftime('%Y-%m-%d_%H-%M-%S')}_moisture.jpg" 
            plt.savefig(moisture_image) 
            plt.close() 
            image_files.append(moisture_image) 
 
            plt.figure() 
            plt.plot(data_by_day[date_str]['water_level'], label='Water Level') 
            format_x_axis() 
            plt.xlabel('Time') 
            plt.ylabel('Water Level') 
            plt.title('Water Level over Time') 
            plt.legend() 
            water_level_image = f"{datetime.now().strftime('%Y-%m-%d_%H-%M-%S')}_water_level.jpg" 
            plt.savefig(water_level_image) 
            plt.close() 
            image_files.append(water_level_image) 

Figure 27 Python Script Code Snippet 5 
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            # Create a collage of the images with 3 images per row 
            images = [Image.open(img) for img in image_files] 
            widths, heights = zip(*(i.size for i in images)) 
 
            # Assuming all images have the same width and height 
            image_width = widths[0] 
            image_height = heights[0] 
 
            # Calculate the number of rows needed 
            num_images = len(images) 
            num_columns = 3 
            num_rows = (num_images + num_columns - 1) // num_columns 
 
            # Calculate the total width and height of the collage 
            total_width = num_columns * image_width 
            title_height = 50 
            total_height = num_rows * image_height 
 
            collage_image = Image.new('RGB', (total_width, total_height)) 
 
            # Draw the title 
            draw = ImageDraw.Draw(collage_image) 
            title_text = f"Data Readings of {datetime.now().strftime('%Y-%m-%d_%H-%M-%S')}" 
            font_size = 40 
            font = ImageFont.load_default(), 
            text_bbox = draw.textbbox((0, 0), title_text, font=font) 
            text_width = text_bbox[2] - text_bbox[0] 
            text_height = text_bbox[3] - text_bbox[1] 
            title_position = ((total_width - text_width) // 2, 10) 
            draw.text(title_position, title_text, fill="white", font=font) 
 
            # Place each image in the correct position within the collage 
            for index, img in enumerate(images): 
                row = (index // num_columns) 
                col = index % num_columns 
                x_offset = col * image_width 
                y_offset = row * image_height + title_height 
                collage_image.paste(img, (x_offset, y_offset)) 
 
            collage_image_file = f"{datetime.now().strftime('%Y-%m-%d_%H-%M-%S')}_collage.jpg" 
            collage_image.save(collage_image_file) 
 
            # Increment the plot counter 
            plot_counter += 1 

Figure 28 Python Script Code Snippet 6 



Bachelor of Information Technology (Honours) Computer Engineering  
Faculty of Information and Communication Technology (Kampar Campus), UTAR 
    30 
 

 
Figure 24 to Figure 29 shows the Python Script codes, in this code, the data are parsed from 

the serial port, which is the Arduino UNO connected to the PC, after that the data will be 

generated into different graphs. Then the graphs are sent to the Telegram bot and then to the 

user using the Telegram platform. The import of libraries is mainly used to handle serial 

communication, plotting of graphs, image creating and editing and most importantly the 

asynchronous operations. Because it handles non-blocking operations, particular for sending 

the images to Telegram.  

 

Based on the codes, there are few functions implemented, get_orcreate_event_loop() function 

make sure that there is an active asyncio event loop and create a new one if necessary. The 

send_images_to_telegram(collage_image_file) function sends the collaged image to Telegram 

bot if the image file exists. Next is the is_port_available(port) is to check if the serial port is 

connected and ready to run. The format_x_axis() function is to format the x-axis of the graphs 

to be the real time displaying in HH:MM format. 

 

In the main loop codes, data are continuously read from the serial port, data collected will be 

logged into a text file and a dictionary will be initialized to store the data grouped by day. Then 

the graphs are plotted according to the data stored. Graphs generated will then be collaged into 

an image to be sent to the Telegram that has been set up using the token and chatID inserted. 

The purpose of sending a collaged image is to avoid sending the graphs separately creating 

problems such as spam or bot being banned. 

 
  

            # Send images to Telegram bot after six data points have been plotted 
            if plot_counter >= 6: 
                loop = get_or_create_event_loop() 
                loop.run_until_complete(send_images_to_telegram(collage_image_file)) 
                plot_counter = 0  # Reset the counter 
 
        time.sleep(1) 
 
except Exception as e: 
    print(f"An error occurred: {e}") 
finally: 
    # Close the serial connection and log file 
    ser.close() 
    log_file.close() 
 

Figure 29 Python Script Code Snippet 7 
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5.3 Setting and Configuration 

To set up and configure the whole system, first, the Arduino UNO board will be programmed 

with the codes provided in Chapter 5.2 by connecting a USB cable from the Arduino UNO to 

the PC. Then, the Arduino UNO will be turned on using a power adapter to let it run for one 

day first. The purpose of doing so is to let all the sensors to warm up or to get used to the 

surroundings first, especially the MQ135 Air Quality Sensor. After that, a Telegram Bot is 

required to allow graphs to be sent for observing, therefore BotFather bot will be used to create 

a personal bot that can be personalize, shown in the figures below. The bot token given will be 

inserted into the Python Script shown in Chapter 5.2. Then lastly, the Python Script will be run 

with the USB cable connected with the Arduino UNO board to the PC. Then, the running 

Python Script should parse the serial outputs from the Arduino and process the data and send 

the graphs to the Telegram Bot. 

Figure 30 Telegram Bot setup 1 Figure 31 Telegram Bot setup 2 
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Figure 32 Telegram Bot setup 3 
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5.4 System Operation 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 33 Python Script output (screenshot) 

Figure 34 Telegram Bot sending the 

collaged image of graphs 
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When the system is completely configured and set, the PC connected to the Arduino UNO need 

to run the Python Script using terminal in MacOS or command prompt in Windows. The 

screenshot above shows the Python Script being run and the data being parsed, and graphs are 

sent to the Telegram Bot. The screenshots shown in the figures above are for to testing purposes 

only, the duration of getting readings is changed to 5 seconds and plotting graphs with only 

one value. The screenshot of Telegram chat shows the collaged graphs are successfully sent by 

the bot. 

 

5.5 Implementation Issues and Challenges 

Initially the system will use a SD Card Module to log and store the data, but the SD Card 

Module did not work during the integration part, therefore, the method of using Python Script 

is introduced and data are stored in the PC storage. The data are to be deleted automatically 

when the collaged image is sent successfully to the user, ensuring the storage efficient usage.  

 

Besides that, the initial plan of this project utilizes the Wi-Fi module to send data to Telegram, 

but the component, which is ESP01, it has still freshly been introduced, implementing it makes 

things more complicated, therefore this idea was terminated. Before the implementation of the 

power supply and USB cables for the actuators, the prototype utilizes the batteries to power up 

the water pump, fan and LED, but after operating for more than 48 hours, the battery dried up, 

so direct power from the sockets using trimmed USB cables is currently implemented. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 35 ESP01 Module 
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Figure 36 Battery Holders 

Figure 37 SD Card Module 
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5.6 Concluding Remark 

To conclude this chapter, the system is being set up in an indoor environment which a series 

of sensors and actuators connected to the Arduino UNO. The plant being used here is the young 

Sansevieria Plant, a famous plant being placed indoor as a decoration plant. The Arduino UNO 

must be programmed first before running the Python Code to capture its serial output. Received 

collaged image of multiple graphs showing readings indicates the system has been set up 

correctly. Challenges faced during the implementation is the SD card module issues, 

complication of ESP01 module as well as the batteries drying off issue. All these challenges 

are solved using alternative solutions. 
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Chapter 6 

System Evaluation and Discussion 
6.1 System Testing and Performance Metrics 

For the system testing, the system will be tested based on the objectives and what the system 

are expected to do. The functionality of the system mainly focusses on automated gardening, 

such as automatic watering, turning on the LED and the fan. Then, the data read by the sensors 

are to be logged and generated into graphs to let users observe. 

 

Besides that, the performance of the system under different environment will be observed to, 

the system will be tested to run for one week time. Data and performance collected during this 

one week will be evaluated. 

 

6.2 Testing Setup and Result 

A table of test cases and result are shown below, the test cases are created to ensure that the 

actuators will be activated when threshold of certain readings are reached, making the system 

automation functionality reliable. After one day, the data read from the sensors should be 

collected and generated into different collaged images of graphs. The graphs of the seven days 

will be shown in this chapter as well. But, due to the lack of internet connection in testing, the 

result of sending of graphs to Telegram bot will not be shown and evaluated here. 

  

Lastly, to ensure the system is effective in improving plant physical growth and health, the 

condition of the plant will be observed too, but in this project, the plant being used will not 

show big difference physically, so the number of new leaves will be used to evaluate the 

effectiveness. 
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Table 2 Sensor readings test 

Sensors Readings 

Temperature and Humidity (DHT22) 28.2 °C 

Air Quality (MQ-135) 494 (no unit) 

Soil Moisture (FC-28) 68% 

Water Level (Ultrasonic) 3200ml 

Light Intensity (LDR Sensor) 62% 

Rain (Raindrop sensor module) 0 (0=no rain, 1= drizzling, 2= heavy rain) 

 

 

Table 3 Actuator status test 

Threshold Actuators Status 

Air quality < 300 Fan ON 

Intensity < 40% Full Spectrum LEDs ON 

Soil moisture < 50% Water pump ON 

 

 

Table 4 Plant growth 

 With Automated System Without Automated System 

New leaves 3 1 

Leaves color Fresh green Yellowish green 
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Figure 38 Graph generated on Day 1 

Figure 39 Graph generated on Day 2 
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Figure 40 Graph generated on Day 3 

Figure 41 Graph generated on Day 4 
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Figure 42 Graph generated on Day 5 

Figure 43 Graph generated on Day 6 
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6.3 Project Challenges 

After the seven days experiment and testing process, there are few issues that caused appeared 

to cause accuracy issues of the system. First, it’s the FC-28 soil moisture sensor issue, it was 

exposed to air and humid for a long period of time causing it to rust and may not be able to 

read data accurately. Next, the fan was initially using simple motor and mini fan blades to run, 

after some time, the motor burnt caused by overloading and overheating. Therefore, a new 

portable mini fan is implemented. Besides that, the lack of Wi-Fi connection caused this whole 

project to be conducted using personal tethering hotspot and the experiment part of this project 

can only be conducted until the generating of graphs, not until the sending of graphs.  

 
Figure 45 Rusted soil moisture sensors 

 

Figure 44 Graph generated on Day 7 
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6.4 Objectives Evaluation 

Based on the results, the automated gardening objective is achieved, the sensors keep tracks of 

the readings accurately and actuators will automatically be activated when the threshold is 

reached. Besides, the functionality of the Python Script is tested for a few times shown in 

Chapter 5.3, and it works perfectly, it is not evaluated because there’s no stable connection 

provided for a straight seven-day testing period. Besides that, the plant physical growth has 

improved in the seven-day period, new leaves can be seen grow up from the middle of the plant 

compared to the plant being left without any special care, this might be caused by the sufficient 

light, water and good air circulation provided to the plant all day long. 

 

6.5 Concluding Remark 

Based on the system evaluation done, the system developed in this project works fine and the 

objectives are achieved. The challenges faced are resolved by using another set of soil moisture 

sensor and a new portable fan. The automation of actuators and sensor readings are tested to 

be working in good condition, graphs are plotted correctly and can be sent to users when 

internet connection are stable and available. Lastly, the plant physical growth can be observed 

to be improved compared to the one without care. 
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Chapter 7 

Conclusion and Recommendation 
7.1 Conclusion 

In conclusion, this report has explained the overall operation of the system, in the form of 

diagrams, illustrations, physical hardware setup as well as the software setup, explanations are 

included to make things clearer and understandable, so that readers can easily remake the 

system and even make their own changes to improve the system in the future.  

 

The system containing a series of sensors and actuators such as temperature sensor, humidity 

sensor, water level sensor, light intensity sensor, soil moisture sensor, air quality sensor, rain 

sensor, fan, full spectrum LEDs, and water pump being illustrated in this report were 

successfully built. A simple set up and implementation were done to ensure the system was 

ready to be tested for a week. 

 

After that, the system underwent a testing duration of seven day, few issues occurred, and all 

the issues are solved with alternative solutions. All the test results are provided in Chapter 6, 

showing that the system can be used effectively, therefore, the objectives of the project can be 

said achieved. Finally, the results shows that plant with automated system tends to have better 

physical growth. 
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7.2 Recommendation 

There are quite a few improvements that can be made to improve this existing system built. 

For example, two more pumps can be implemented to provide nutrient fluid and pest repellant 

spray. Both pumps can be set to activate after a certain of time as there are no sensors yet to 

take readings of soil nutrients and to detect pests. Besides that, to improve the user interaction 

with the system, NodeMCU can be implemented instead of Arduino UNO as it can provide 

connectivity, so that users are able to control the actuators and get the reading data anytime 

they wish. Lastly, the sensor components can be still upgraded to better qualities ones, such as 

the SM150T soil moisture sensor shown below to avoid the rusting issue of soil moisture 

sensor. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 46 SM150T Soil Moisture Sensor 
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Appendix 
Arduino UNO Datasheet 
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POSTER 

 

ARDUINO based IoT 
Gardening System

INTRODUCTION
This project will develop an 

automated gardening 
system and send the 

surrounding data to the 
user via Telegram.

METHODOLOGY
The system consist of three main 
components, software, hardware 

and cloud.
Hardware includes Arduino UNO, 

sensors and actuators.
Software includes Python Script 

and Arduino IDE.

Telegram as the cloud platform to 
deliver graphs to the users.

WHY CHOOSE THIS SYSTEM?
A series of sensors to read surrounding data into graphical form.

Automated gardening: auto watering, turning on LED and fan.
Efficient use of resources: Actuators only runs when threshold is 

reached.

Tested to prove improvement in plant growth after implementation!

Proposed by: Joey Lok Jo Wei
Supervised by: Dr. Muhammad Syaiful Amri bin Suhaimi

RESULTS OF EXPERIMENT
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