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Abstract: This project presents the development and 

implementation of an Internet of Things (IoT)-based 

5 hydroponics system merged with machine learning 

algorithms. The apparatus point to optimize the 

growth conditions for plants by continuously 

monitoring and controlling various environmental 

requirements such as nutrient levels, pH, 

temperature, humidity, as well as light intensity 

Sensors deployed in the hydroponic setup collect real-

time details, which is then examined using machine 

learning models to predict the optimal conditions for 

different growth stages of the plants. The system also 

features automated nutrient and water delivery 

mechanisms, give rise to found in contact with 

predictive insights to maintain ideal conditions. 

Additionally, the integration of IoT allows remote 

monitoring and control via a user-friendly interface, 

providing notifications and actionable insights to the 

user. This intelligent hydroponics system enhances 

crop yield, reduces resource wastage, and ensures 

sustainable agricultural practices, demonstrating a 

significant advancement in precision agriculture. 

 

Key Words: Hydroponics, IoT, ESP32,Machine 

Learning 

I. INTRODUCTION 

 

Soil is a determinate resource, meaning its loss and 

degradation cannot be recovered within a human 

lifespan. Soil is getting affected more and more due 

to land pollution and modern civilization which is 

keep on improving accommodation for their 

livelihood. According to United Nations 

Organization projects the population of the world 

will grow from a population of 7.7 billion in 2019 to 

11.2 billion at the turn of the century. This population 

explosion will require humans to grow additional 

amount of food for survival. Degradation of soil 

quality, water scarcity, and increased air pollution 

will make our environment not suitable for 

traditional farming. We can overcome these 

environmental drawbacks by adopting hydroponics, 

which increases yield by consuming fewer amounts 

of resources. Hydroponics is widely accepted as the 

future of farming and is done commercially in foreign 

countries. In India, Hydroponics is getting a great 

response, since hydroponics requires less space and 

uses tenfold less water than conventional soil-based 

farming. Hydroponics is broadly used in space 

research program. 

 

II. OBJECTIVE OF THE STUDY 

 

1. Main objective is to completely automate the 

process of rising plants in a system. All lightening, 

watering the plants to nutrient regulation is 

automated. As to make it simple for anybody to grow 

plants. 

2. Hydroponic system can adjust and control 

important surrounding conditions that changes plant 

growth including Key Words: Hydroponics, IoT, 

ESP32,Machine Learning temperature, humidity, and 

water. 

3. To provide real time access of the hydroponics 

system to user for monitoring and improving crop 

yield. 

In this study work main focus is to plan and carry out 

hydroponics system by using IoT and Machine 

learning to completely automate the process for keep 

track of several conditions of crop. 

 

III. LITERATURE SURVEY 

 

Yamini. B, Sishnu. T and et al.,[1].An automated 

irrigation gadget based on microcontrollers connected 

to a cloud provider defined and its utility to a 

strawberry area is shown in comparison to its 

temperature, humidity, as well as light intensity. water 

needed for irrigation is regulated. 

This was based on the water level decrease at a 

positive quantities of the time inside the evaporation 

pan utilization of choicest water amount .protects the 
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vegetation from now not the most effective drought 

pressure ,but also over – watering associates fungus 

and bacterial sickness. Including ,this device add 

android application when makes it remotely follow 

the current day gadget repute .with this technique 

possibilities of human related. Mistakes as well 

reversed hard work time for irrigation project are 

less,utilization of gadget associates statistic which 

has sensor values, general evaporation among 

successive irrigation ,irrigation date ,time & period 

are saved in cloud server. 

Nivesh Patil, Shubham Patil et al,.[2]. Three 

sensors are utilized namely pH sensor for pH level 

of water, DHTH for temperature & humidity 

&circuit meter the conductivity of water quantity. 

Every sensors are interfaced to Node-MCV E(SP12) 

which is microcontroller. This microcontroller 

interfaced with 3.3V power supply. Valve, pumps& 

dispense and being regulated by Node-N+MCU for 

effective functioning of technique .All this data is 

transmitted to a mobile app .The regulation of whole 

system is automated using Node MCV along with 

IOT, There is a manual operating permitted by 

mobile app by use of LAN communication in case of 

lost of the internet connection outcome was got by 

getting all information related functioning system so 

that can be designed technique regulated 

Ravi Lakshmanan, Mohamed Djama et al,.[3].The 

working methodology implemented described. 

Smart Hydroponic system include three components 

:Input data, cloud server and output data. Initialising 

by input information, IOT basically collection of 

things more particularly the sensors interact with 

each other via a network ,so a group of sensors is 

needed to construct IOT system ,the smart 

hydroponics technique made of type of sensors that 

gets data given below :room temperature ,room 

humidity ,water temperature and pH level and 

fertilizer quantity 

Huu Cuong Nguyen ,Bich Thuy Vo Thi et al,.[4].The 

introduced system perform on process sensors sense 

data of the environment and hydroponic nutrients 

solution. This data is converted into digital 

information then processed in the signal pre- 

processing unit. The iot gate way has the operator 

of for warding these information. To cloud a 

webserver is implemented on a virtual server 

machine that gives the user interface along stores 

information in database. The information collected 

in database can be retrieved for later utilisation so like 

analysis, user can perform formation of pumps, fans 

through a mobile device to alter these criteria the 

control information are given to the control signal the 

controller well start the related actuator to on/off this 

regulation and signal and then the normalized data to 

the IoT gets commands from IoT gateways along 

regulate actuators. 

 

IV. BLOCK DIAGRAM OF SYSTEM 

 

Fig 4.1: Block Diagram of Hydroponics system 

Fig 4.1 Says that Hydroponics is a soil-free method of 

growing plants using nutrient-enriched water. In the 

Continuous-Flow Solution Culture, nutrients flow 

past the roots like a gentle stream, ensuring consistent 

nourishment. Automation is a breeze think of it as a 

high-tech cafeteria for thousands of plants! Another 

technique, the Nutrient Film Technique (NFT), 

involves a thin water channel where roots hang out. 

They stay moist but exposed to air, receiving a 

constant oxygen supply. NFT works well for fast- 

growing crops like herbs and lettuce. Another nifty 

method is the Nutrient Film Technique (NFT). Picture 

a super-thin water channel where plant roots hang out. 

This channel contains all the essential nutrients. The 

roots are like sunbathers they’re moist but exposed to 

the air. 

System Diagram shown below in Fig 4.2 says that, 

flow rates for each gully should be1litre per minute. 

At planning rates may be half this and the upper limit 

of 2L/min appears about the maximum. Flow rates 

beyond these extremes are often associated with 

nutritional problems. Depressed growth rates of many 

crops have been observed when channels exceed 12 

meters in length. According to studies while oxygen 

level has been remaining adequate, nitrogen may 

be depleted over the length of the gully. When it 

comes to hydroponics, channel length matters. Here’s 

the deal: Don’t make your channels too long (over 12 
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meters). Why? Because trouble brews when they 

stretch too far. Instead, aim for a sweet spot— 

between 10 to 15 meters. Short, simple, and plant 

friendly! way along the gully and having the 

flowrates through each outlet. 

 
Fig 4.2:System diagram of hydroponics system  

 

V.RESULTS 

 

By this system we come to know that that 

hydroponics plants grew much faster than traditional 

method of growing them in potted soil, Giving them 

access to sunlight and watering them by hand 

because all nutrients solution and water in 

hydroponic we are adding directly to roots. The crops 

are pesticide free. The nutrients we use in our project 

are food grade and are healthy to consume. Plants 

grown hydroponically will mature on average 25% 

faster and deliver up to 30% greater yield than plants 

grown in soil. 

 

Fig 5.1:Showing plant growth parameters along 

with plant healthy status 

Above Fig 5.1 Says that In an IoT-based hydroponics 

system, machine learning can analyze parameterslike 

pH, water level, temperature, humidity, and light 

intensity (LDR) to ensure optimal plant health. By 

continuously monitoring and adjusting these factors, 

the system maintains ideal growing conditions, 

preventing stress and promoting robust growth. This 

results in healthier plants, increased yield, and more 

efficient resource usage. 

VI. FUTURE SCOPE 

 

1. Enhanced Crop Management Disease and Pest 

Detection: Use image recognition and sensor data to 

detect diseases or pest infestations early. 

2. Phenotyping: Analyze plant traits and growth 

responses to different conditions to select optimal 

varieties and growth strategies. 

3. Machine learning can identify anomalies in plant 

growth or system performance, allowing for quick 

intervention. 

4. Educational and Research Opportunities 

Research: Facilitate research into optimal growing 

conditions. 
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