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AI ENABLED WATER CONSERVATION FOR IRRIGATION USING IOT 

Abstract— This project introduces a smart irrigation 

system that utilizes Internet of Things (IoT) technology 

and machine learning algorithms to enhance water 

management in agriculture. The system employs a series 

of IoT sensors distributed across the field to consistently 

monitor key environmental factors such as soil moisture 

levels, temperature, humidity, and others. The collected 

data is analysed using machine learning Cat Boosting 

algorithm. This algorithm analyze the data to determine 

the optimal irrigation schedule based on crop water 

requirements, soil conditions, weather forecasts, and 

historical data. The system controls irrigation equipment 

such as pumps, valves, and sprinklers to deliver precise 

amounts of water to crops at the right time. Continuous 

feedback from the system allows for refinement of 

irrigation schedules, leading to improved water 

conservation, increased crop yield, and cost savings for 

farmers. This project discusses the benefits of such a 

system, including water conservation, increased crop 

yield, cost savings, environmental sustainability, and 

remote monitoring and control capabilities. Overall, the 

integration of IoT and machine learning technologies 

offers a powerful solution for sustainable agriculture, 

enabling data-driven decision-making processes to 

optimize water usage and maximize crop productivity. 

     

Keywords— Smart irrigation system, Internet of 

Things(IOT)technology, Water conservation, 

Environmental parameters, Soil moisture monitoring, 

Increased crop yield, Machine learning algorithms  

 

 

       I.INTRODUCTION  

Agriculture, the cornerstone of human civilization, 

faces a myriad of challenges in the modern era, chief 

among them being the efficient utilization of water 

resources. With increasing demands for food 

production to sustain a growing global population and 

the escalating pressures on water availability due to 

climate change and environmental degradation, the 

need for innovative solutions to optimize irrigation 

practices has never been more critical. In addressing 

these challenges, the combination of Internet of 

Things (IoT) technology and machine learning 

algorithms offers a compelling opportunity to 

transform conventional irrigation           practices. 

 This project introduces a groundbreaking concept: a 

Smart Irrigation System powered by embedded 

Artificial Intelligence (AI), designed to address the 

complexities of water management in agriculture. 

Utilizing IoT-enabled sensors scattered throughout 

agricultural fields, this system consistently tracks 

crucial environmental factors like soil moisture, 

temperature fluctuations, and humidity levels. The 

extensive dataset gathered from these sensors forms 

the basis for informed decisions, facilitating smart 

irrigation techniques aimed at conserving water and 

enhancing crop productivity. 

At the core of this system's operation lies the 

application of machine learning algorithms, 

particularly the Cat Boosting algorithm. This 

sophisticated tool sifts through extensive sensor data, 

identifying patterns and correlations to extract 

valuable insights. By merging historical data, current 
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environmental parameters, crop water demands, and 

weather predictions, the algorithm adjusts irrigation 

schedules dynamically. This ensures accurate water 

distribution customized to individual crop needs and 

soil attributes. 

The implications of such a system are profound. Not 

only does it offer the potential for significant water 

conservation by minimizing wastage and optimizing 

usage, but it also promises to enhance crop productivity 

and profitability for farmers. By fine-tuning irrigation 

schedules based on data-driven insights, the system 

facilitates higher crop yields while reducing 

operational costs associated with water usage. 

Furthermore, the integration of IoT and AI 

technologies provides farmers with unprecedented 

levels of control and monitoring. Remote access to the 

system allows for real-time adjustments and 

interventions, empowering farmers to manage 

irrigation processes efficiently from anywhere, at any 

time. 

In this introduction, we delve into the rationale behind 

the development of a Smart Irrigation System and 

outline the key components and functionalities that 

distinguish it as a transformative solution for 

sustainable agriculture. By combining cutting-edge 

technologies with age-old agricultural practices, this 

project aims to spearhead a new era of precision 

irrigation, where data-driven decision-making optimizes 

resource utilization, enhances productivity, and fosters 

environmental stewardship. 

In the realm of agriculture, the delicate balance between 

water availability and crop demand has long been a 

critical concern. Amidst burgeoning global populations 

and escalating climate variability, the pressing need to 

manage water resources efficiently has reached critical 

levels. Conventional irrigation techniques frequently 

prove inadequate, resulting in the squandering of water, 

diminished crop yields, and excessive burdens on 

ecosystems and farmers' sustenance. 

To tackle these challenges, technological innovations 

have surfaced as formidable allies in the pursuit of 

sustainable agricultural practices. Among these 

innovations, the convergence of Internet of Things 

(IoT) technology and machine learning algorithms 

offers a particularly promising solution: the Smart 

Irrigation System. This system represents a paradigm 

shift in irrigation management, leveraging real-time 

data insights and predictive analytics to revolutionize 

how water is allocated and utilized in agricultural 

settings. 

At its core, the Smart Irrigation System is a testament 

to the transformative potential of IoT. By deploying a 

network of sensors across agricultural fields, this 

system captures a wealth of environmental data, 

including soil moisture levels, temperature 

fluctuations, humidity variations, and more. These 

sensors, interconnected through IoT infrastructure, 

form a cohesive ecosystem that continuously 

monitors and relays vital information about the 

conditions within the field. 

However, the true innovation of the Smart Irrigation 

System lies in its ability to transform this raw data 

into actionable intelligence through the application of 

machine learning algorithms. In particular, the Cat 

Boosting algorithm stands out as a robust tool for 

analyzing complex datasets and deriving meaningful 

insights. By integrating historical data, weather 

forecasts, and crop water requirements, Cat Boosting 

autonomously generates optimized irrigation 

schedules tailored to the unique needs of each crop 

and soil type. 

The implications of such a system extend far beyond 

mere water conservation. Through orchestrating 

precise irrigation schedules, the Smart Irrigation 

System not only reduces water wastage but also 

optimizes crop yields and fosters sustainable 

resource management. By empowering farmers with 

real-time insights and remote monitoring capabilities, 

this system fosters resilience in the face of 

environmental uncertainties while enhancing overall 

productivity and profitability. 

In this introduction, we embark on a journey into the 

realm of Smart Irrigation, exploring the synergies 

between IoT technology, machine learning algorithms, 

and agricultural practices. Through a comprehensive 

examination of its principles, functionalities, and 

benefits, we illuminate the innovative solution holds 

significant transformative potential in addressing the 
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issue. water challenges facing modern agriculture. As 

we delve deeper Delving into the complexities of this 

innovative solution elucidates its transformative 

potential in addressing the issue. Smart Irrigation 

System, we uncover a blueprint for sustainable 

agriculture that marries technological ingenuity with 

ecological stewardship, Laying the groundwork for a 

future that is both prosperous and resilient. 

 

               II.LITERATURE REVIEW  

 

A. IoT with Blockchain: A Futuristic Approach in 

Agriculture and Food Supply Chain ,Sabir Awan, 

Sheeraz Ahmed, Fasee Ullah, Asif Khan, M Irfan 

Uddin, et al.  

In recent times, the fusion of IoT (Internet of Things) 

with blockchain technology has emerged as a 

promising approach to transform the agriculture and 

food supply chain sectors. This paper seeks to 

undertake an exhaustive literature review to investigate 

the present state of research and development in this 

domain. The review encompasses various aspects, 

including the application of IoT devices such as 

sensors, drones, and GPS trackers in monitoring 

agricultural processes, data collection, and recording 

mechanisms leveraging blockchain technology, end-to-

end traceability and transparency in the food supply 

chain, quality assurance and compliance through smart 

contracts, supply chain optimization, reduction of food 

waste and fraud, enhancement of consumer confidence, 

and the utilization of data analytics for informed 

decision-making. By synthesizing existing literature, 

this survey seeks to identify trends, challenges, and 

opportunities in the adoption of IoT with blockchain in 

agriculture and the food supply chain, providing 

insights for future research directions and practical 

implementations. 

B. AI-Powered Crop Yield Prediction and Intelligent 

Irrigation, authored by Deepak Sinwar, Vijaypal 

Singh Dhaka, and Manoj Kumar Sharma,Geeta 

Rani.  

    This paper presents an in-depth exploration of the 

integration Utilizing artificial intelligence (AI) 

methodologies for crop yield prediction and intelligent 

irrigation in agriculture has gained traction. 

production to sustain a growing global population, 

there is a critical need for advanced technologies to 

optimize agricultural practices. This study reviews 

existing literature on AI-based methods for predicting 

crop yields, encompassing various machine learning 

algorithms such as neural networks, decision trees, 

and support vector machines. 

C. Smart Water Management Platform: IoT-Based 

Precision Irrigation for Agriculture, C. Kamienski, 

J-P. Soininen, M. Taumberger, et al.  

This paper presents a comprehensive study on the 

development and implementation of a smart water 

management platform utilizing IoT-based precision 

irrigation techniques for agriculture. With the 

increasing challenges posed by the scarcity of water 

the need for sustainable agricultural practices, there is 

a growing demand for innovative solutions to enhance 

the utilization of water in farming. The authors delve 

into the design and structure of the smart water 

management platform, which integrates IoT devices 

like sensors and actuators communication modules to 

monitor soil moisture levels, weather conditions, and 

crop water requirements in real time. Through the 

utilization of advanced data analytics and algorithms 

based on machine learning the platform enables 

precise irrigation scheduling and water delivery, 

tailored to the specific needs of crops and soil 

conditions. By synthesizing findings from research 

and practical implementations, this paper aims to 

elucidate the effectiveness, benefits, and challenges 

associated with IoT-based precision irrigation systems 

in agriculture. Moreover, the study discusses potential 

applications, scalability, and future research directions 

to further improve the effectiveness and sustainability 

of water management techniques in agriculture. 

III.    EXISTING SYSTEM 

Manual Observation: Farmers relied on their 

experience and knowledge of local conditions to 

determine when and how much to irrigate. This often 

involved visual inspection of soil moisture, plant 

health, and weather patterns. 

http://www.ijsrem.com/


          INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH IN ENGINEERING AND MANAGEMENT (IJSREM) 

           VOLUME: 08 ISSUE: 05 | MAY - 2024                                    SJIF RATING: 8.448                                           ISSN: 2582-3930                                                                                                                                               

 

© 2024, IJSREM      | www.ijsrem.com                                 DOI:  10.55041/IJSREM33920                                             |        Page 4 

Irrigation Infrastructure: Traditional irrigation systems 

typically consisted of basic infrastructure such as 

pumps, pipes, valves, and sprinklers or drip irrigation 

systems. These components were operated manually 

or with simple timers. 

Water Source: Water for irrigation was sourced from 

natural bodies of water (e.g., rivers, lakes, reservoirs), 

groundwater wells, or municipal water supplies. 

Farmers manually controlled the flow of water to their 

fields using valves or switches. 

Labor: Irrigation management required labor-intensive 

activities such as turning on/off pumps, adjusting 

valves, and moving sprinklers to ensure adequate 

water distribution across the field. Farmers often spent 

significant time and effort on irrigation tasks. 

Scheduled Irrigation: Farmers typically followed a 

predetermined irrigation schedule based on factors 

like crop type, soil type, climate, and season. These 

schedules were often based on local norms and 

historical practices rather than real-time data. 

              IV.  PROPOSED ARCHITECTURE 

The deployment of IoT-enabled sensors across 

agricultural fields, the system continuously gathers 

critical data on soil moisture levels, temperature, 

humidity, and other pertinent environmental factors. 

Leveraging machine learning algorithms, notably the 

Cat Boosting algorithm, this The collected data 

undergoes thorough analysis to devise an optimized 

irrigation schedule. This schedule is meticulously 

crafted based on comprehensive considerations, 

including crop water requirements, soil conditions, 

weather forecasts, and historical data trends.With 

precise control over irrigation equipment such as 

pumps, valves, and sprinklers, the system ensures that 

crops receive the precise amount of water they need 

at precisely the right timeThis focused strategy not 

only reduces water wastage but also enhances crop 

productivity. Moreover, the system operates within a 

feedback loop, continually refining irrigation 

schedules in accordance with real-time data and 

insights. This iterative process leads to ongoing 

improvements in water conservation practices, 

resulting in significant cost savings for farmers and 

enhanced environmental sustainability. 

 

         Fig 1: Proposed system Architecture  

 

V.      SYSTEM ARCHITECTURE 

      The architecture of the AI-enabled water conservation 

system for irrigation utilizing IoT technology is 

designed to streamline the process of data collection, 

analysis, and irrigation control. At its core, the system 

consists of three main components: IoT sensorsThe 

system comprises a central data processing unit and 

actuators for irrigation control. IoT sensors are 

strategically positioned throughout agricultural fields 

to collect real-time data on essential environmental 

parameters necessary for irrigation management. 

These sensors are tailored to measure soil moisture 

levels, temperature, humidity, and potentially other 

pertinent factors. The information gathered by these 

sensors forms the basis for making informed decisions 

regarding irrigation techniques. Subsequently, the 

collected data is transmitted to a central data 

processing unit, acting as the system's core processor. 

Here, machine learning algorithms, such as the 

CatBoosting algorithm, are utilized for analyzing the 

data and derive insights regarding optimal irrigation 

schedules. This analysis takes into account factors 

such as crop water requirements, soil conditions, 

weather forecasts, and historical data trends. By 

utilizing AI capabilities, the system can adaptively 

modify irrigation schedules to optimize both water 
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usage and crop yield. 

 

                               Fig 2: System Architecture 

    VI.     METHODOLOGY 

Implementing AI-enabled water conservation for 

irrigation using IoT follows a systematic methodology 

that integrates advanced technology to improve 

irrigation methods while conserving water resources. 

The process begins with a thorough analysis of the 

agricultural landscape, identifying key factors such as 

crop types, soil characteristics, climate patterns, and 

water availability. This initial understanding lays the 

foundation for designing an effective irrigation 

solution tailored to the specific needs of the 

environment. Once the requirements are identified, the 

next step involves deploying IoT-enabled sensors 

strategically throughout the agricultural field. These 

sensors are tasked with continuously monitoring 

essential environmental parameters, including soil 

moisture levels, temperature, humidity, and weather 

conditions. The placement of these sensors is crucial to 

ensure comprehensive coverage and accurate data 

collection across the entire area. With the sensors in 

place, a robust data collection and transmission system 

is established to gather real-time data and transmit it to 

a central processing unit. Utilizing IoT communication 

protocols, this data is securely transferred for analysis, 

where machine learning algorithms come into play. 

Algorithms like CatBoosting are employed to analyze 

the gathered data and generate insights into optimal 

irrigation schedules. By considering factors such as 

crop water requirements, soil conditions, weather 

forecasts, and historical data trends, these algorithms 

can develop precise irrigation plans. the methodology 

for AI-enabled water conservation in irrigation using 

IoT technology embodies a data-driven approach to 

optimize irrigation practices, maximize crop yield, and 

promote sustainable agriculture. By leveraging 

advanced technologies in this manner, farmers can 

achieve substantial water conservation while 

enhancing productivity and environmental stewardship 

in agricultural operations. 

 

 

VII.   REQUIREMENT SPECIFICATION 

A. Hardware Requirements: 

❖ NodeMCU 

❖ Soil Moister sensor 

❖ DHT11 sensor 

❖ LED 

Software requirements: 

❖ Operating system  :   Windows 7/8/9. 

❖ Coding Language :   Embedded C. 

❖ IDE    :  Arduino IDE 
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        VIII.   RESULTS 

 

   Fig 4.Audino detected values 

 Fig 5.Moisture level 

      Fig 6.Temp level 

 

   Fig 6.Humidity level 

 

   Fig 6.Random Forest 

CONCLUSION 

In conclusion, the proposed smart irrigation system 

leveraging embedded AI represents a significant 

advancement in agricultural technology, offering 

farmers a powerful tool to optimize water usage, 

enhance crop productivity, and promote sustainable 

agricultural practices. By integrating IoT technology, 

machine learning algorithms, and efficient irrigation 

control mechanisms, the system provides real-time 

insights and automated decision-making capabilities 

tailored to the specific needs of crops and environmental 

conditions. 

Throughout the system design, implementation, and 

deployment phases, careful consideration has been given 

to factors such as sensor selection, data processing, user 

interface design, scalability, energy efficiency, security, 

and reliability. These considerations ensure that the 

http://www.ijsrem.com/
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system is robust, user-friendly, and capable of operating 

effectively in diverse agricultural settings, from small-

scale farms to large commercial operations 

FUTURE ENHANCEMENT 

Enhancing the features of AI-enabled water conservation 

for irrigation using IoT can significantly elevate its 

efficiency and utility, empowering farmers with even 

more sophisticated tools for sustainable agriculture. 

One crucial enhancement involves the integration of 

predictive analytics. By leveraging advanced algorithms 

and the application of machine learning techniques, the 

system can anticipate future water requirements based 

on historical data, weather forecasts, and crop growth 

patterns. This predictive capability enables farmers to 

plan irrigation schedules proactively, optimizing water 

usage and maximizing crop yield. 

Another key enhancement is the expansion of support 

for multiple crop types with customizable irrigation 

profiles. By enabling farmers to input specific 

parameters for each crop, like water needs and growth 

stages, the system can tailor irrigation schedules 

accordingly. This versatility ensures that diverse 

agricultural operations can benefit from tailored water 

management solutions. 

Variable rate irrigation represents another valuable 

feature enhancement. By incorporating soil mapping 

technologies or satellite imagery, the system can identify 

variations in soil properties within the field and adjust 

water application rates accordingly. This precision 

agriculture approach minimizes water waste and ensures 

that crops receive the optimal amount of irrigation 

tailored to their specific requirements. 

 

REFERENCES 

1. Al-rimy B.A.S., Maarof M.A., Shaid S.Z.M. A 0-Day 

Aware Crypto-Ransomware Early Behavioral Detection 

Framework. Springer International Publishing; Cham, 

Germany: 2018. [Google Scholar] 

 

2. Al-rimy B.A.S., Maarof M.A., Prasetyo Y.A., 

Shaid S.Z.M., Ariffin A.F.M. Zero-day aware 

decision fusion-based model for crypto-ransomware 

early detection. Int. J. Integr. Eng. 2018;10 doi: 

10.30880/ijie.2018.10.06.011. [CrossRef] [Google 

Scholar] 

3. Aboaoja F.A., Zainal A., Ghaleb F.A., Al-rimy 

B.A.S. Toward an Ensemble Behavioral-based Early 

Evasive Malware Detection Framework; The records 

of the 2021 International Conference on Data Science 

and Its Applications (ICoDSA); Bandung, Indonesia. 

6–7 October 2021; Piscataway, NJ, USA: IEEE; 2021. 

[Google Scholar] 

4. Al-rimy B.A.S., Maarof M.A., Shaid S.Z.M. 

Crypto-ransomware early detection model using 

novel incremental bagging with enhanced semi-

random subspace selection. Future Gener. Comput. 

Syst. 2019;101:476–491. doi: 

10.1016/j.future.2019.06.005. [References] 

[Scholarly Sources] 

5. Al-Rimy B.A.S., Maarof M.A., Alazab M., Shaid 

S.Z.M., Ghaleb F.A., Almalawi A., Ali A.M., Al-

Hadhrami T. Redundancy coefficient gradual up-

weighting-based mutual information feature selection 

technique for crypto-ransomware early detection. 

Future Gener. Comput. Syst. 2021;115:641–658. doi: 

10.1016/j.future.2020.10.002. [References] 

[Scholarly Sources] 

6. Ahmed Y.A., Koçer B., Huda S., Al-rimy B.A.S., 

Hassan M.M. A system call refinement-based 

enhanced Minimum Redundancy Maximum 

Relevance method for ransomware early detection. J. 

Netw. Comput. Appl. 

2020;167:102753.doi:10.1016/j.jnca.2020.102753. 

[CrossRef] [Google Scholar] 

7. AL-RIMY B.A.S., MAAROF M.A., ALAZAB M., 

ALSOLAMI F., SHAID S.Z.M., GHALEB F.A., AL-

HADHRAMI T., ALI A.M. A PSEUDO FEEDBACK-BASED 

ANNOTATED TF-IDF TECHNIQUE FOR DYNAMIC 

CRYPTO-RANSOMWARE PRE-ENCRYPTION BOUNDARY 

DELINEATION AND FEATURES EXTRACTION. IEEE 

ACCESS. 2020;8:140586–140598. DOI: 

10.1109/ACCESS.2020.3012674. [CROSSREF] 

[GOOGLE SCHOLAR] 

http://www.ijsrem.com/


          INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH IN ENGINEERING AND MANAGEMENT (IJSREM) 

           VOLUME: 08 ISSUE: 05 | MAY - 2024                                    SJIF RATING: 8.448                                           ISSN: 2582-3930                                                                                                                                               

 

© 2024, IJSREM      | www.ijsrem.com                                 DOI:  10.55041/IJSREM33920                                             |        Page 8 

8. UROOJ U., MAAROF M.A.B., AL-RIMY B.A.S. A 

PROPOSED ADAPTIVE PRE-ENCRYPTION CRYPTO-

RANSOMWARE EARLY DETECTION MODEL; 

PROCEEDINGS OF THE 2021 3RD INTERNATIONAL CYBER 

RESILIENCE CONFERENCE (CRC); LANGKAWI ISLAND, 

MALAYSIA. 29–31 JANUARY 2021; PISCATAWAY, NJ, 

USA: IEEE; 2021. PP. 1–6. [GOOGLE SCHOLAR] 

9. Olaimat M.N., Maarof M.A., Al-rimy B.A.S. 

Ransomware Anti-Analysis and Evasion Techniques: A 

Survey and Research Directions; Proceedings of the 2021 

3rd International Cyber Resilience Conference (CRC); 

Langkawi Island, Malaysia. 29–31 January 2021; 

Piscataway, NJ, USA: IEEE; 2021. pp. 1–6. [Google 

Scholar] 

10. Al-rimy B.A.S., Maarof M.A., Shaid S.Z.M. 

Ransomware threat success factors, taxonomy, and 

countermeasures: A survey and research directions. 

Comput. Secur. 2018;74:144–166. doi: 

10.1016/j.cose.2018.01.001. [CrossRef] [Google Scholar] 

11. Herrera Silva J.A., Barona López L.I., Valdivieso 

Caraguay Á.L., Hernández-Álvarez M. A survey on 

situational awareness of ransomware attacks—detection 

and prevention parameters. Remote Sens. 2019;11:1168. 

doi: 10.3390/rs11101168. [CrossRef] [Google Scholar] 

http://www.ijsrem.com/

