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Abstract: Agriculture covers more than 60.43% of the land in India. But we can't meet the country's 

growing needs if we keep using old farming methods. We need to sustainably and efficiently 

harvest most of the available farmland. The goal of this project is to set up a cost-effective system 

that uses high-tech sensors and the Internet of Things to make crop harvesting easier. The most 

important parts of the system are that it is a module that can be controlled by a mobile app and uses 

a set of sensors (electromagnetic, NPK, optical, and electrochemical) to measure the soil's texture 

and nutritional content. Advanced K-Means Clustering, Random Forest, and Decision Tree 

algorithms are used to analyse it and guess which crop can be grown. It uses infrared and laser 

sensors to figure out the best way to plant seeds so that they grow the most. It also keeps an eye on 

how wet the soil is and sets up irrigation systems like drip irrigation. A built-in weather forecasting 

system will predict rain and change the irrigation cycle to lower the risk of over- or under-irrigation. 

The module alerts the farmer when the crop needs something during the growth phase. It also has 

a flexible infrared motion sensor to detect movement and an alarm system to keep predators away, 

which is another way to keep it safe. Mobile apps control all the functions, while Machine Learning 

algorithms manage and oversee them. High-tech sensors and actuators, along with microcontrollers 

and Raspberry Pi, carry out the tasks. 

Keywords: K-Means Clustering, Random Forest, Decision Tree, RaspberryPi, Information and 

Communication Technology, Internet of Things. 

1. Introduction 

People have recently thought of agriculture as a major strength of the world 

economy. Farming is one of the most important jobs in the world and the main way to get 

a lot of different crops [50]. Agriculture is having problems lately that could put its future 

at risk, like drought, problems with the quality and productivity of crops, and problems 

with predicting yields. The world's population is growing by about 3 people every second, 

or 250,000 people every day [58]. By 2025, it will reach 8 billion. The Food and Agriculture 

Organization (FAO) of the United Nations says that by 2050, the world's population will 

be about 9.6 billion [60]. Farmers need to grow more food while protecting the 

environment and using natural resources wisely to keep up with this steady rise, but they 

can't do it alone [48]. They can't do that with the usual farming methods [63]. So, modern 

technologies are very important for meeting the world's growing food needs [54].  The way 

farmers collect and use data to make smart decisions about farming is changing a lot [56]. 
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Smart farming is the use of modern Information and Communication Technology (ICT), 

like machine learning algorithms, in agriculture and the smart use of natural resources, as 

a capital-based system, to improve technology in food farming in ways that are clean and 

sustainable [66].  

Most people around the world are getting help from new technologies in a variety 

of ways [52]. Right now, the Internet of Things (IoT) and data analysis, like big data 

analytics and data science, are becoming more important in people's daily lives. They help 

people adapt to their surroundings [46]. In general, the agro-industrial and environmental 

sectors use IoTs and data analysis to diagnose and control smart farming systems [57]. This 

gives farmers, consumers, and the public important information about the basis and 

properties of agro-products and systems.The main problem is that farmers in most parts 

of the world don't know what causes their crops to fail and often don't get any help [49]. 

This project helps farmers by keeping an eye on and controlling all parts of farming [65]. 

The goal of the project is to use machine learning algorithms to make an IoT device and an 

interface that can keep an eye on and control farming practices [61]. The field of the project 

is Machine Learning. It has been hard for complex sensors to keep up with the progress of 

machine learning techniques [53]. In the IoT environment, all of the sensors are connected 

in one place. The goal of the project is to use a sensor-based monitoring system powered 

by machine learning to automate and keep an eye on the farming process [64]. This will 

save money.  

It uses high-quality sensors to measure the testing matrix's parameters. 

Microcontrollers and computers process and store the data in the cloud in real time [51]. 

The model processes the data in real time and makes output. The results are measured 

against past metrics [62]. The methodology employed in this model involves the initial 

deployment of primary sensors, including NPK and soil sensors, to gather preliminary 

static and demographic data regarding the environment and to notify users of the status 

[59]. To save power and other resources, the sensors will switch between sleep and active 

states in the next stages. The moisture sensor checks the moisture level in the soil [67]. It 

also uses the OpenWeatherAPI to keep an eye on rainfall and change the flow of water to 

control irrigation [47]. The data from the sensors is cleaned up to get rid of null values and 

make it better, and then it is fed to a well-trained machine learning model to make 

predictions about what will happen [55].   

 

2. Literature Review 

Smart agriculture monitoring systems that use the Internet of Things (IoT) combine 

GPS-enabled remote supervision with environmental sensing technologies to make farms 

safer and more productive [11]. Most of the time, these systems have sensors for soil 

moisture and temperature, a way to detect wet leaves, automated irrigation control, and 

ways to detect intruders [37]. Farmers can keep an eye on field conditions in real time using 

mobile or web apps by combining microcontrollers with wireless communication 

modules. Security features like motion detection and devices that scare off intruders help 

protect crops [4]. Combining environmental sensing with automated irrigation makes sure 

that water is used in the best way possible, which cuts down on waste and boosts yield. 

Current research emphasises the significance of real-time data acquisition and remote 

accessibility in improving decision-making efficacy [28]. Still, there are problems with 

scalability, network reliability, and long-term maintenance of distributed sensor networks 

in rural farming areas [18]. Computer vision techniques are being used more and more in 

machine learning applications in precision agriculture to classify crops, find diseases, and 

estimate yields [42]. Machine learning models can tell different types of plants apart, check 

their growth stages, and find problems that affect quality by looking at large sets of crop 

images.  
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Deep learning architectures and convolutional neural networks are commonly used 

to automatically extract features and classify them correctly. These methods cut down on 

the amount of time needed for manual inspections and make it possible to act quickly to 

stop crop loss [14]. The literature stresses that transfer learning and data augmentation can 

make predictions more accurate [36]. But how well it works depends a lot on how different 

the datasets are and how good the images are [27]. Combining ML-driven image analytics 

with IoT-based monitoring systems makes precision farming better and helps farmers 

make decisions based on data. IoT-driven precision agriculture systems are built on 

wireless sensor networks and machine learning methods [7]. These networks gather 

information about the environment, like temperature, humidity, soil moisture, and 

nutrient levels, and send it to central platforms for analysis [32]. Smart farm prototypes 

that use data combine food, energy, and water management into one system. Machine 

learning algorithms use data from sensors to improve watering schedules, fertilisation, 

and energy use [21]. Research shows that predictive analytics can help with sustainability 

and making operations run more smoothly. But there are some problems, such as the 

limited energy of sensor nodes, communication delays, and worries about data security 

[43]. 

Ongoing improvements are centred on low-power communication protocols and 

edge computing solutions to improve reliability and scalability in agricultural settings [35]. 

IoT, crewless aerial vehicles, augmented reality, and machine learning are all parts of 

advanced precision agriculture frameworks that work together to make intelligent 

decision-support systems [2]. Drones take high-resolution aerial photos of crops, and IoT 

sensors collect data about the environment at ground level. Machine learning models look 

at this combined dataset to make suggestions for pest control, fertilisation, and irrigation 

[24]. Farmers can also use augmented reality tools to see how their fields are doing and get 

predictions about what will happen in the future. According to literature, integrating 

multiple technologies like this improves situational awareness and resource use [16]. Even 

though it has a lot of potential, putting it into action is hard because of high costs, technical 

difficulties, and farmers' lack of digital literacy [33]. Future research should focus on 

making smart farming technologies easier to use and cheaper so that more people can use 

them. Smart farming uses IoT and agricultural UAVs based on the ideas of intelligent 

sensing and automated monitoring [8]. IoT devices gather data about the environment and 

soil all the time, while UAVs do large-scale spatial analysis of crop conditions [44]. These 

technologies work together to find patterns of stress, nutrient shortages, and the need for 

irrigation [23]. When ground sensors and aerial imaging work together, they improve 

coverage accuracy and the ability to find things early.  

Studies show that automation can help with better yield forecasting and less reliance 

on workers. Still, technical problems like battery life, complicated data integration, and 

reliance on weather affect how UAVs work [19]. Researchers are still looking into adaptive 

flight planning and sensor networks that use less energy to make operations more 

sustainable [31]. Comprehensive surveys on IoT-based smart agriculture highlight the 

swift advancement of sensing technologies, cloud computing, and data analytics [45]. New 

technologies like edge computing, AI, and 5G connectivity are changing traditional 

farming into data-driven operations [6]. These reviews describe how IoT ecosystems are 

built, including the layers for sensing, communication, data processing, and applications. 

The literature shows that productivity, water conservation, and crop health monitoring 

have all gotten a lot better [38]. Interoperability, cybersecurity, and standardisation are still 

big problems, though. For sustainable implementation, there needs to be strong 

infrastructure and training programs for farmers [41]. Future perspectives emphasise 

scalable architectures and the incorporation of predictive analytics to develop resilient, 

climate-smart agricultural systems [12]. Combining blockchain and the Internet of Things 

(IoT) in precision agriculture makes data more secure, easier to track, and more open. IoT 

devices gather real-time data about farming, and blockchain makes sure that transaction 
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records are safe and can't be changed [25]. This combination helps with quality control, 

supply chain traceability, and building trust among stakeholders. 

 Research shows ways to cut down on fraud, make food safer, and improve logistics. 

But using blockchain raises worries about extra computing power, scalability, and energy 

use [26]. To work well, you need to find a balance between the benefits of decentralisation 

and the efficiency of the system. Research indicates that hybrid architectures integrating 

cloud platforms with blockchain networks can enhance performance [34]. When these 

technologies come together, they make smart agricultural ecosystems more trustworthy 

[1]. The CropDeep dataset is a big help to deep learning research in precision agriculture 

because it has a lot of labelled images that can be used for species classification and 

detection [17]. The dataset has more than 31,000 images and 49,000 labelled examples from 

different classes. It can be used to train and test computer vision models [29]. Deep learning 

architectures, like convolutional neural networks, can improve classification accuracy by 

using a wide range of labelled data. The dataset makes it easier to study automated weed 

detection, crop health monitoring, and yield estimation [10]. Maintaining dataset diversity 

and reducing annotation bias, on the other hand, are still problems that need to be solved. 

Standardised datasets make it easier to come up with new ideas for AI-driven agricultural 

applications and help researchers repeat their work. 

The Reversible Automatic Selection Normalisation (RASN) deep network is a new 

way to build predictive models for smart agriculture systems [20]. RASN improves the 

stability of training and the accuracy of predictions by adding normalisation and 

renormalisation layers. This method solves problems with deep learning models that have 

too many features and don't scale them properly [5]. When used with agricultural data, 

RASN works better at predicting how crops will grow and how the weather will affect 

them. According to the literature, normalisation techniques have a big effect on how fast 

models converge and how well they generalise [13]. However, computational complexity 

and adjusting parameters are still very important things to think about. Continued 

research into adaptive normalisation methods could make deep learning applications in 

precision farming even better [39].  

The Big Data and AI revolution in precision agriculture is about using big datasets 

to make better decisions and be more environmentally friendly [22]. Advanced analytics 

use sensor readings, satellite images, and weather data to make predictions. AI models 

make it possible to predict yields, find diseases, and use resources more efficiently [3]. 

Surveys show that data-driven farming has the power to change things for the better by 

increasing productivity and lowering the impact on the environment [30]. Still, social and 

financial problems, such as high costs of implementation and worries about data privacy, 

make it hard for everyone to use [9]. To make sure that everyone can use digital 

technologies and infrastructure, it is important to make sure that everyone can benefit from 

agricultural change [40]. Future research seeks to harmonise technological innovation with 

economic viability and social sustainability [15]. 

 

3. Project Description 

The current system works in a tightly controlled space [80]. This system uses high-

level machines to keep the environment under control, but it's not cost-effective, so most 

people can't afford it. There is no automation; most systems need to be run by hand [86]. 

The proposed system is a mix of hardware and software support. It can be used outside. It 

gathers information with semiconductor sensors that use less power and are cheap [68]. It 

also helps by using machine learning algorithms that make sure things are done correctly 

and guess what will happen. The user can see the model through a GUI. The analysis of 

Twitter data for sentiment is a new field that needs a lot more work. An architecture 

diagram is a picture that shows how a software system will be built in the real world [76]. 
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It shows how the software system is put together and how its parts are connected, limited, 

and separated from each other (Figure 1). 

 

 

Figure 1. Main Steps in the Proposed Architecture based on IA Techniques. 

 

A data flow diagram (DFD) is a picture that shows how a business works by showing 

how data moves around [73]. It uses a standard set of symbols and notation. They are often 

parts of a formal method, like the Structured Systems Analysis and Design Method 

(SSADM) [85]. DFDs may look like flowcharts or the Unified Modelling Language (UML) 

on the surface, but they are not meant to show how software works in detail (Figure 2). 

 

 

Figure 2. UML Diagram. 

 

A UML diagram is a diagram that uses the Unified Modelling Language (UML) to 

show a system and its main actors, roles, actions, artefacts, or classes in a way that makes 

it easier to understand, change, maintain, or document the system [72]. A use case diagram 

shows how a system changes over time. It brings together use cases, actors, and their 

relationships to show how the system works [84]. It shows how a system or subsystem of 

an application should perform tasks, services, and functions [79]. It shows the main 

features of a system and how the user interacts with it. 

 

 

Figure 3. Sequence Diagram. 
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Figure 3 shows a sequence diagram in the Unified Modelling Language (UML) that 

shows how messages are sent between objects in an interaction [77]. A sequence diagram 

shows a group of objects with lifelines and the messages they send and receive during the 

interaction. It shows a timeline that starts at the top and goes down slowly to show the 

order of interactions [69]. There is a column for each object, and arrows show the messages 

that were sent between them (Figure 4). 

 

 

Figure 4. Flow Diagram. 

 

A flow diagram is a picture that shows the order of steps or processes that make up 

a system, operation, or procedure. It shows how information, materials, or tasks move 

logically from one point to another in a system [74]. Flow diagrams usually use arrows and 

standardised symbols to show each step or process. The arrows show the order and 

direction of the process [87]. This lets the diagram show how a system works and how its 

parts work together. The DS18B20 temperature sensor can measure temperatures in 

Celsius from 9 to 12 bits and has an alarm function with user-programmable upper and 

lower trigger points that don't go away [81]. The DS18B20 has a 64-bit serial code that lets 

more than one DS18B20 work on the same 1-wire bus. Details about the technology: One-

of-a-kind 1-Wire Interface; Measures Temperature range: -55 °C to +125 °C; Changes the 

temperature into a 12-bit digital word in 750 milliseconds (Figure 5). 

 

 

Figure 5. Soil Moisture Sensor-FC 28. 

 

A Soil Moisture Sensor is used to check the moisture content of soil and other 

materials. There are two big exposed pads on the sensor that work as probes [71]. Together, 

they act like a variable resistor. This sensor tells how wet the soil is [88]. The analogue 

voltage will be low when the soil water level is low, and it will go up as the conductivity 

of the soil between the electrodes changes [82]. You can use this sensor to water a flower 

plant or any other plants that need to be automated (Figure 6). 
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Figure 6. Rechargeable Battery. 

 

The SLA 12V, 9Ah rechargeable battery has a 5-hour (0.2C) discharge rate and a 20-

hour (0.05C) discharge rate [75]. Longer discharge times give higher capacity readings 

because there are fewer losses. Lead-acid works well when there are a lot of current loads 

[83]. This battery powers the whole circuit from the inside (Figure 7). 

 

 

Figure 7. External Ac Adapter. 

 

A 12V AC adapter can also be thought of as part of the circuit's external power 

supply [70]. It lets the circuit be turned on when the battery is almost dead. The adapter 

can change AC to DC and send pure DC to the circuit from the outside [78]. 

 

4. Experimental Resources 

NodeMCU is an open-source platform for developing Internet of Things (IoT) 

devices [97]. It comes with a firmware system development board that runs on the ESP8266 

Wi-Fi SoC. It has a USB-UART interface and its own voltage regulator module. The pin 

rules make it very easy to develop. Wiring is also a big plus for the breadboard [91]. GPIO, 

PWM, I2C, 1-Wire, and ADC are all built into the NodeMCU development board. It has 

advanced hardware interfaces that make it easier for application developers to work with 

hardware without having to deal with complicated configurations and register operations 

[94]. NodeMCU can be developed in more than just Lua. It can also be developed in C++, 

Python (MicroPython), and Java (Smart.js). As you can see below, we use the CP2102 

version of the board here (Figure 8). 

 

 

Figure 8. The Appearance of the NodeMCU based on the ESP8266 Development Board. 
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The DHT11 is a digital temperature and humidity sensor that combines several 

sensors into one [93]. It has a calibrated digital signal output that is very stable and reliable. 

An 8-bit microcontroller connects the NTC temperature-sensing element and the resistive 

sensing element in the DHT11. The OTP (one-time programmable) memory, which can't 

be erased, stores the calibration coefficients as a program. During the processing of the 

detection signal, these calibration coefficients are called from inside the program [89]. It 

has a single-wire serial interface that makes it easy and quick to connect to other systems. 

The DHT11 is small, doesn't use much power, and comes in a 4-pin single-row package 

that makes it easy to connect [96]. 

4.1. Soil moisture sensor 

You can use a Soil Moisture Sensor to check the moisture content of soil and other 

materials. The sensor has two big, open pads that act as probes and work together as a 

variable resistor. This sensor measures how wet the ground is [92]. The analogue voltage 

will be low when the soil water level is low, and it will keep rising as the soil conductivity 

between the electrodes changes [95]. You can use this sensor to water a flowering plant or 

other plants that need automation. It has a technical specification of 3.3V to 5V, an 

analogue output, and an external VCC of 3.3V to 5V. The water level sensor is a cheap and 

easy-to-use sensor that can tell when the water level is high or low [98]. It does this by 

measuring droplets or water volume with a series of parallel wires with exposed traces. 

It's easy to convert water to an analogue signal, and an Arduino development board can 

read the analogue output values directly to set off an alarm when the water level rises. This 

is one kind of switch that can tell when it rains [90]. It works like a switch, and the way 

this sensor works is that the switch is usually closed when it rains (Figure 9). 

 

 

Figure 9. Output. 

 

5. Results and Discussion 

The model suggested in this study improves the features of the current system [101]. 

It uses machine learning to make IoT devices change over time, which makes the results 

more accurate and precise. It uses a hybrid, multimodal, and integrated mechanism to get 

real-time analysis and output. It is used in a centralised IoT network to improve 

performance and speed [99]. Organic farmers usually can't use synthetic fertilisers on their 

plants to fix the problems caused by nutrient deficiencies, so the main way to fix the 

problem is to grow green manure crops and use organic fertilisers. This long-term study 

sought to compare two distinct production systems, one with livestock and the other 

without, in the context of organic farming. Additionally, a control variant devoid of 

fertilisation was incorporated (treatment 1).  

The production system that didn't include animal husbandry used renewable 

outside resources like compost or digestate (treatment 2) and the same fertiliser with extra 

substances (AS) (treatment 3). The production system that included animal husbandry 

used only farm-made fertilisers (fermented urine or manure) (treatment 4) and also used 
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AS (treatment 5). There were three copies of each treatment [102]. This study delineates 

the mean yields derived from four experimental years and five experimental sites. The first 

four years of this long-term study used winter wheat, potatoes, winter wheat spelt and a 

mix of legumes and cereals with maize as model crops [100]. Treatments 2 (7.1 t/ha grain, 

33.9 t/ha tubers) and 3 (7.0 t/ha grain, 34.1 t/ha tubers) had the highest average yields of 

winter wheat grain and potato tubers during the first two years of the experiment (Figure 

10). 

 

 

Figure 10. Performance Comparison of Machine Learning Algorithms. 

 

6. Conclusion 

The IoT-based smart farming system is very good at getting live temperature and 

soil moisture data. Farmers will be able to grow more food and take better care of food 

production with the help of the system proposed in this report. The system will always be 

there to help farmers by giving them accurate live feeds of soil moisture and environmental 

temperature with more than 99% accuracy. In this paper, we talked about how IoT can 

help farmers in the future by giving them a lot of useful services. IoT can be used to make 

a lot of smart apps that people use a lot. Farmers can use smart devices to put the right 

amount of resources in the right place and at the right time. This kind of farming costs less. 

This system runs a lot of machines and equipment very well and gathers data from them 

in the field, letting you know when there are problems. Farming with IoT helps prevent 

food shortages by making the best use of land that is already available at a low cost. Smart 

farming is a new idea that is quickly becoming popular in the farming world. This gives 

you automated farming methods, the ability to collect useful data, and very strict crop 

control. The main goal of Smart Farming is to get the most out of each piece of land by 

using modern methods to get the best quality, quantity, and financial return. Lastly, some 

possible solutions are looked at by looking at related research projects.  
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