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ABSTRACT: Water scarcity is increasingly alarming worldwide, posing a significant challenge, predominantly in
urban centres, where the population growth and industrial activities escalate the demand for fresh water. This scarcity is
exacerbated by climate change, unreliable rainfall patterns, and the depletion of traditional water sources, necessitating
innovative and sustainable solutions to ensure a resilient water supply. One such promising approach is rainwater
harvesting, which offers a practical and sustainable strategy to alleviate water shortages by effectively capturing,
storing, and utilizing rainwater.

The focus of this project is on designing and implementing a Shared Rooftop Rainwater Harvesting System,
particularly tailored for urban housing complexes. Urban areas, characterized by densely populated high-rise buildings,
present a unique opportunity to collect significant volumes of rainwater from expansive rooftop surfaces. By
integrating multiple rooftops within a housing complex, the proposed system harnesses untapped rainwater resources,
redirecting them from wasteful runoff to valuable usage.

I. INTRODUCTION

Importance of Rainwater Harvesting

Rainwater harvesting is a sustainable practice aimed at collecting and utilizing rainwater for various uses. With

urbanization increasing rapidly, the demand for freshwater resources has exceeded the supply in many regions, leading

to water scarcity and reliance on over-exploited groundwater. Rooftop rainwater harvesting provides a simple, cost-

effective, and environmentally friendly solution to address this challenge.

Benefits of Rooftop Rainwater Harvesting

The adoption of rainwater harvesting systems yields multiple benefits:

e Reduction in Water Scarcity: Harvested rainwater can significantly reduce the dependency on municipal water
supplies, ensuring water availability during droughts or shortages.

e Cost Efficiency: Implementing these systems requires minimal investment, with long-term cost savings on water
bills.

Environmental Impact: Rainwater harvesting reduces runoff, preventing urban flooding and minimizing soil erosion.

II. LITERATURE REVIEW

Rainwater harvesting has long been recognized as a sustainable water management practice. Historically, civilizations
like those in Mesopotamia and the Indus Valley devised systems to collect and store rainwater, demonstrating its
importance in regions with limited water resources. Over time, advancements in technology have transformed
traditional methods into sophisticated systems that integrate modern innovations such as IoT and machine learning.

The evolution of rainwater harvesting technologies is particularly evident in urban contexts. Cities like Singapore have
implemented extensive policies to incorporate rooftop rainwater collection as part of their water management strategies.
Bengaluru, India, has also demonstrated the efficacy of urban rainwater harvesting through community-based systems
that significantly reduce municipal water dependency. These cases underscore the potential of shared systems to
address urban water scarcity.

IJIRCCE©2025 |  AnISO 9001:2008 Certified Journal | 601




© 2025 1JIRCCE | Volume 13, Issue 1, January 2025| DOI: 10.15680/IJIRCCE.2025.1301084

www.iiircce.com \: 2320-9801, p-ISSN: 2320-9798| Impact Factor: 8.625| ESTD Year: 2013|

International Journal of Innovative Research in Computer
and Communication Engineering (IJIRCCE)

(A Monthly, Peer Reviewed, Refereed, Scholarly Indexed, Open Access Journal)

Despite these advancements, significant research gaps remain. Current studies often focus on individual rainwater
harvesting systems, with limited emphasis on shared frameworks suitable for urban housing complexes. Additionally,
real-time monitoring and maintenance frameworks are underdeveloped, leading to inefficiencies in water collection and
usage. Community engagement also poses a challenge, as limited awareness hinders the adoption of sustainable
practices.

In conclusion, the literature highlights the potential of shared rooftop rainwater harvesting systems to transform urban
water management. By addressing gaps in system design, technology integration, and community participation, these
systems can significantly contribute to sustainable urban development and resilience against water scarcity.

III. PROPOSED METHODOLOGY
3.1 System Components:
3.1.1 Rooftop Detection

The system utilizes satellite imagery and computer vision techniques to identify rooftops suitable for rainwater
harvesting. Algorithms such as Canny Edge Detection and the Watershed Method are employed to delineate rooftop
boundaries. The catchment area is estimated using geometric calculations based on the detected boundaries.

3.1.2 Rainfall Prediction

Historical and real-time weather data are used to forecast rainfall through machine learning models. Rolling forecasting
techniques analyze patterns and trends to predict short- and long-term rainfall, aiding in planning water collection
volumes.

3.1.3 Water Tank Placement Optimization

Optimal tank placement is determined using spatial analysis. Factors such as rooftop proximity, water yield potential,
and available space are considered. The system employs depth elevation models to identify locations that maximize
water storage while minimizing installation costs.

System Workflow :

Data Acquisition: Real-time satellite imagery is retrieved through APIs.

Image Processing: Rooftop areas are detected and measured.

Rainfall Forecasting: Predictive models estimate rainfall volumes.

Optimization Analysis: Tank placement is calculated based on water yield and spatial constraints.
User Interface: Results are presented via an interactive web application.

R

3.3 Technologies Used :

Computer Vision: Rooftop detection and boundary delineation.
Machine Learning: Rainfall prediction models.

Spatial Analysis: Optimal placement of storage tanks.

Web Development: Interactive interface using Flask.

IV. RESULTS AND DISCUSSIONS

The Results and Discussions section analyses the performance and outcomes of the Shared Rooftop Rainwater
Harvesting (RWH) System implemented in the project. The findings from the system's design, installation, testing, and
operational phases are discussed here, along with their implications, challenges faced, and how the system performed in
real-world conditions.
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System Performance:

¢ Rooftop Detection Accuracy: Achieved 92% accuracy in detecting rooftop boundaries.
¢ Rainfall Forecasting Reliability: Forecasts demonstrated 90% alignment with actual rainfall patterns.
e Water Collection Efficiency: Improved collection estimates by 35% compared to traditional methods.

Benefits:

e  Scalability: The modular design allows deployment in various urban settings.
o Sustainability: Reduces dependency on municipal water and enhances urban water resilience.
o User Engagement: The interactive interface empowers users to make informed decisions.

OUTPUT:

Calculator (Cost of installation + Break-Even analysis)

> This is the complete analysis pipeline for the project. It initially starts with the user uploading a satellite image from our Serach bar and
the backend Computer Vision models( opencv ) and machine learning models( K-Means clustering ) calculate the catchment are of the
rooftops under consideration.

o The calculated area is then fed to our moldes to estimate the cost of installation of the entire setup and also finds the maintenance
cost as well.

Upload new File

Choose file | No f Upload

232.94629322620932

18152.728143474404

7227171033525027

2.784812156082036 year(s)

* 3. Rainfall Prediction

© The rainfall prediction has been trained on 100 years' data for the city of Bangalore. We have used a time

series plot uisng ARIMA models as well as a statistical analysis to obtain the values for various months.

Overall probability Disaibution

Rain Water Visualization
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V. CONCLUSION AND FUTURE SCOPE

Conclusion and Future Scope

The proposed system demonstrates the feasibility and effectiveness of integrating advanced technologies for rainwater
harvesting optimization. By automating rooftop detection, rainfall prediction, and tank placement, the system offers a
scalable solution for urban water management.

Future work includes expanding the system to incorporate:

e Dynamic learning models for continuous improvement.

e Integration with smart city frameworks.

e Real-time IoT sensors for enhanced data accuracy.
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