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EXECUTIVE SUMMARY 
 

Water scarcity is one of the most pressing issues of our time. According to the 

United Nations, over 2.3 billion people live in water-stressed countries, and 

this number is projected to rise due to climate change and population growth. 

In India, the situation is particularly alarming, with more than 40% of the 

population expected to have no access to drinking water by 2030, as per a 

NITI Aayog report. Agriculture, which consumes nearly 80% of India’s 

freshwater resources, suffers from inefficient irrigation practices, leading to 

severe water wastage and declining crop productivity. 

Recognizing this crisis, we conducted discussions with 15 farmers across 

Ahmedabad and identified a recurring problem—irregular and excessive water 

use due to outdated irrigation methods. Farmers struggle to maintain optimal 

soil moisture, leading to lower yields and higher costs. This realization led us 

to develop ASIS, an Automated Plant Hydration System that uses real-time 

soil moisture monitoring to optimize water usage. Our goal was to create an 

affordable, efficient, and scalable solution to help small-scale farmers 

conserve water while improving crop health. 
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THE PROBLEM 
 

For rural farmers, irrigation inefficiency is a critical issue. Many rely on flood 

irrigation, a method that wastes 50-60% of applied water due to runoff and 

evaporation. Only 38% of India’s agricultural land is irrigated with modern 

systems, leaving the majority dependent on inefficient techniques. Furthermore, 

erratic rainfall patterns due to climate change make it increasingly difficult for 

farmers to predict water needs, leading to both overwatering and drought stress 

in crops. 

While government schemes promote drip and sprinkler irrigation, these 

solutions remain expensive and complex to install for small-scale farmers. 

Subsidies help, but accessibility and awareness remain low. A low-cost, AI-

driven irrigation system can bridge this gap by offering real-time, automated 

water management that is easy to deploy and maintain. 

Over the course of this project, our focus was on developing an accessible 

solution that eliminates human error in irrigation, reduces water consumption, 

and enhances soil moisture management through sensor-based automation. 
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IMPLEMENTATION APPROACHES 

1. Automated Soil Hydration Using IoT (Our Method) 

This approach leverages smart sensors and real-time data processing to 

optimize irrigation, ensuring efficient water usage while reducing manual 

effort. 

Pros: 

 Real-time monitoring of soil moisture levels allows dynamic response to 

changing conditions. 

 Automated control ensures precise water distribution, preventing both 

overwatering and underwatering. 

 Low maintenance and cost-effective (~INR 4000 per unit), making it 

accessible to small-scale farmers. 

 Scalable and adaptable to different soil types and climatic conditions, 

increasing its versatility. 

Cons: 

 Initial setup requires technical knowledge and proper calibration for 

optimal functionality. 

 Requires a stable power supply, though it has low energy consumption 

and can be supplemented with solar power in the future. 

2. Timed Irrigation Systems 

This traditional method uses mechanical or electronic timers to control 

irrigation schedules based on pre-set intervals. 

Pros: 

 Simple to install and requires minimal technological expertise. 

 Can be programmed to irrigate fields at regular intervals without manual 

intervention. 

Cons: 

 Does not account for real-time soil moisture variations, leading to 

inefficient water use. 

 Prone to overwatering during wet conditions and underwatering during 

dry periods, reducing crop health. 

 Less effective in conserving water, as it operates on a fixed schedule 

rather than actual soil needs. 
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Why IoT-Based Smart Irrigation is the Ideal Approach 

While timed irrigation systems provide basic automation, they lack real-time 

adaptability, which is crucial for optimizing water use in agriculture. Soil 

moisture fluctuates based on environmental conditions, and without real-time 

monitoring, static schedules can either waste water or leave crops 

insufficiently irrigated. 

Our IoT-based solution addresses these inefficiencies by ensuring that plants 

receive water only when needed, maximizing water conservation and 

improving crop health. By integrating smart automation, we eliminate the 

guesswork in irrigation and provide farmers with an efficient, cost-effective, 

and scalable solution that enhances agricultural productivity while reducing 

dependence on manual labor. 

Additionally, as the technology advances, further enhancements such as AI-

driven predictive analytics and solar-powered versions can make this system 

even more robust, ensuring widespread adoption and long-term sustainability 

for farmers worldwide. 
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TIMELINE 

Our project followed a structured approach with the following phases: 

1. Research & Planning (Weeks 1-2) 

 Studied existing irrigation methods and their limitations 

 Defined project scope and timeline 

2. Component Procurement & Setup (Weeks 3-4) 

 Acquired Arduino components and moisture sensors 

 Assembled a basic working circuit for initial testing 

3. Prototype Development (Weeks 5-8) 

 Weeks 5-6: Integrated soil moisture sensor and coded data display 

 Weeks 7-8: Connected relay switch and automated water pump system 

4. Testing & Calibration (Weeks 9-10) 

 Conducted field trials to validate sensor accuracy 

 Adjusted thresholds for different soil types 

5. Final Assembly (Weeks 11-12) 

 Assembled the device with an optimized structure 

 Ensured user-friendliness for farmers 

6. Presentation & Reporting (Week 13) 

 Compiled findings and prepared a demonstration 
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MODEL ARCHITECTURE 

The ASIS system integrates multiple hardware and software components to 
ensure optimal irrigation efficiency. 

 Arduino Uno: Serves as the central processing unit, executing pre-
coded logic to control water distribution based on soil moisture 
readings. 

 Soil Moisture Sensor Kit: Uses conductivity-based measurements to 
detect moisture levels in the soil and transmits this data to the Arduino. 

 Relay Switch: Functions as an intermediary that controls the power 
supply to the water pump, ensuring safe and efficient activation. 

 Water Pump: Pumps water to the soil when moisture levels drop below 
a predefined threshold, preventing overwatering and underwatering. 

 Jumper Wires: Connect various components, facilitating seamless data 
transmission and hardware communication. 

Working Process: 

1. The soil moisture sensor continuously measures soil hydration and 
sends the data to the Arduino Uno. 

2. The Arduino Uno processes the data and compares it to preset 
moisture thresholds. 

3. If moisture levels fall below the lower threshold, the Arduino signals the 
relay switch to activate the water pump. 

4. Water is pumped until the soil reaches the predefined upper threshold, 
at which point the Arduino turns off the pump via the relay switch. 

5. This cycle repeats automatically, ensuring consistent soil hydration with 
minimal human intervention. 

To further improve efficiency, future iterations of the system may incorporate 
wireless connectivity, allowing farmers to monitor irrigation data remotely via 
a mobile application or web interface. 
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FUTURE PROSPECTS 

Currently, the ASIS prototype is optimized for small-scale applications such as 
home gardens, individual greenhouses, and small farms. However, for large-
scale agricultural operations, scalability and enhanced automation are crucial 
factors that need to be addressed. Our future development strategy focuses 
on integrating advanced sensing technologies, AI-driven predictive analytics, 
and renewable energy solutions to create a more robust and efficient system. 

Expanding to Large-Scale Farming 

One of the major challenges of scaling ASIS to large agricultural fields is 
ensuring efficient water distribution without excessive costs or complexity. To 
achieve this, our approach involves dividing large fields into smaller clusters 
based on factors such as soil composition, topography, and crop type. This 
enables: 

 Optimized Sensor Placement: By grouping areas with similar soil 
characteristics, we can minimize the number of moisture sensors 
required while ensuring precise monitoring. 

 Data-Driven Watering Strategies: AI-powered predictive models will 
analyze soil moisture data, rainfall forecasts, and crop water 
requirements to automate irrigation schedules dynamically. 

 Remote Monitoring and Control: Implementing a cloud-based 
dashboard will allow farmers to access real-time moisture levels, 
irrigation status, and historical trends, enabling informed decision-
making without requiring constant on-site monitoring. 

Hyperspectral Imaging for Precision Agriculture 

To further refine irrigation efficiency, hyperspectral imagery can be integrated 
into the system. This technology will allow us to: 

 Map soil moisture distribution over vast land areas by capturing high-
resolution spectral data. 

 Identify patterns of water stress in crops by detecting subtle changes in 
reflectance caused by dehydration. 

 Adjust irrigation on a micro-scale, ensuring that each section of the farm 
receives the precise amount of water it needs. 

 Optimize fertilizer application, as spectral data can also indicate nutrient 
deficiencies that impact water retention. 

By leveraging hyperspectral data, we can further reduce water wastage and 
improve overall crop health, making the system more cost-effective and 
environmentally sustainable. 

Integrating Solar Power for Off-Grid Accessibility 
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One of the limitations of many automated irrigation systems is their 
dependence on electrical power sources, which may not be reliable or 
available in remote agricultural regions. To address this, we aim to develop 
solar-powered versions of ASIS by: 

 Incorporating high-efficiency solar panels to power the Arduino, 
moisture sensors, and water pump. 

 Using battery storage systems to ensure continuous operation, even 
during cloudy days or nighttime. 

 Designing a modular solar unit, allowing farmers to scale their power 
needs based on the size of their fields. 

By integrating solar energy, we can make ASIS more accessible, cost-
effective, and sustainable for smallholder farmers, especially in regions with 
limited electricity infrastructure. 

Final Vision: A Fully Autonomous Smart Irrigation System 

In the long run, we envision ASIS evolving into a fully autonomous irrigation 
system capable of: 

 Real-time adaptive watering based on continuously updated AI models. 

 Integration with weather forecasting APIs to predict drought periods and 
optimize irrigation in advance. 

 Automated pest and disease detection using additional sensors and 
machine learning models. 

 A mobile app interface for farmers to remotely control settings, receive 
alerts, and customize irrigation schedules. 

By combining IoT, AI, hyperspectral sensing, and renewable energy, ASIS has 
the potential to revolutionize sustainable agriculture, ensuring that farmers 
conserve water, reduce costs, and increase crop yields without relying on 
manual intervention. 

 

 

 

 

CONCLUSION 

ASIS represents a transformative step toward sustainable and precision-

driven agriculture by integrating smart sensor technology with automated 
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irrigation systems. By leveraging real-time soil moisture monitoring, the 

system ensures optimal water usage, reducing wastage and human 

dependency while enhancing crop health and resource efficiency. Our trials 

have demonstrated water savings of up to 50%, proving the effectiveness of a 

data-driven, automated approach in tackling one of agriculture’s most 

persistent challenges. 

Unlike traditional irrigation methods, which often lead to overwatering, 

underwatering, and labor-intensive management, ASIS offers a self-

sustaining, intelligent, and cost-effective solution. With an initial cost of 

approximately INR 4000, it is designed to be accessible to small-scale farmers 

while being scalable for larger agricultural operations. 

With continued research and technological advancements, ASIS can expand 

its capabilities to integrate hyperspectral imaging, AI-driven analytics, and 

solar power, enabling precision irrigation at a massive scale. By doing so, we 

aim to create a fully autonomous, self-regulating irrigation ecosystem that 

ensures water conservation, improved crop yields, and enhanced agricultural 

productivity. 

The future of farming lies in sustainability, efficiency, and adaptability, and 

ASIS embodies these principles. By making smart irrigation more accessible 

and scalable, this project contributes toward a more resilient agricultural 

landscape, empowering farmers to conserve resources, reduce costs, and 

achieve greater yields with minimal intervention. 


