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Abstract: This project presents a cost-effective and scalable water distribution and leakage detection
system designed for sustainable civil infrastructure, the system addresses common issues such as manual
valve operation, irregular water supply, and undetected pipeline leakages that lead to water wastage. A
PLC is used for dependable water distribution control, while a microcontroller handles flow
measurement, data processing, and display functions. Two flow sensors are installed at different points
in the pipeline to measure and compare water flow. Leakage is detected using a threshold-based
comparison method, and alerts are generated through visual or audible indicators. The use of a
microcontroller instead of expensive industrial sensors and HMI’s makes the prototype affordable and
suitable for academic and pilot applications. The system can be easily upgraded with SCADA, industrial
meters, and remote monitoring, making it applicable to rural water supply systems, smart cities, and
industrial water management in the future.
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I. INTRODUCTION
Water is one of the crucial sustainability aspects of any infrastructure, especially in rural and semi-urban areas with
limited resources and solely manual management systems. In several of these types of regions the water supply is
managed with hand-operated control valves so it can lead to uncontrolled distribution along with delayed performance
and also shortage of efficient use of available water resources. A major concern of these systems is that there are many
real-time monitoring issues which prevent the identification of problems like pipeline leakages, excessive water loss
etc.
The growing demand for water leads to wear and tear of existing facilities, which makes the need of automated
distribution and indicating fault conditions timely. Use of standard industrial systems such as SCADA and advanced
metering may suffice, but they tend to have high upfront investments with extensive maintenance needs that often add
up into operating costs making them infeasible for a number of low budget or small scale applications.
By integrating a Programmable Logic Controller (PLC) with an inexpensive system based on microcontroller-based
monitoring, this project provides a feasible and cost-effective solution to facilitate the improvement of water
distribution. In this PLC project, solenoid valves are controlled by the PLC to supply water automatically.
Simultaneously, flow sensors are added in multiple locations with the pipe to measure water that is flowing through it.
A microcontroller reads those and compares them with some threshold level to check for any unusual deviation that
may signify a leakage.
The system also includes a simple display and alert mechanism to notify the operator in case of leakage or irregular
flow conditions. By integrating industrial control with low-cost sensing and monitoring, the proposed system aims to
reduce water wastage, improve efficiency, and provide a scalable solution suitable for rural as well as urban
applications.
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II. LITERATURE REVIEW
Research on water distribution and management systems has been crucial because of the growing demand for water and
the necessity of making effective use of the resources that are available. Many areas still use manual operation and
fixed scheduling in their traditional water delivery systems, which frequently results in uneven distribution, water waste
and delayed fault discovery, including leaks. These constraints have prompted academics to investigate intelligent and
automated alternatives.
The use of Programmable Logic Controllers (PLC) for automation in water management systems has been the subject
of numerous researche studies. Because of their dependability, adaptability, and capacity for real-time control activities,
PLCs are extensively employed in industrial applications. PLCs have been effectively employed in water distribution
systems to regulate pumps, automate valve operations, and ensure reliable delivery schedules. These solutions increase
operating efficiency and decrease the need for human involvement.
Sensor-based monitoring systems have received a lot of attention in addition to PLC-based control. To keep an eye on
various aspects of water systems, flow, pressure, and level sensors are frequently utilized. Among these, flow sensors
are essential for tracking water usage and spotting pipeline abnormalities. According to research, ongoing flow data
monitoring can aid in the early identification of flaws like leakage and unauthorized use.
For real-time monitoring and control, advanced systems frequently use SCADA (Supervisory Control and Data
Acquisition). SCADA offers a consolidated interface for remote operation, logging, and data visualization. These
systems are quite successful in industrial and large-scale settings, but their high cost and complexity prevent them from
being used in rural or small-scale settings.
The use of microcontrollers as an affordable substitute for data processing and collecting has also been investigated
recently. Microcontroller-based systems can process data in real time at cheaper cost and connect with sensors with
ease. When developing prototypes and small-scale applications when financial limitations are a big problem, these
systems are especially helpful.
Despite these developments, a solution that combines the cost-effectiveness of microcontroller-based monitoring with
the dependability of PLC-based control is still required. Combining the two technologies can result in a cost-effective
and efficient system that can both identify leaks using straightforward threshold-based methods and automate water
distribution. This method provides a workable alternative for sustainable water management while addressing the
shortcomings of current systems.

III. ACTUAL METHODOLOGY FOLLOWED
The solution combines industrial control and economical monitoring methods to automate water distribution and
identify leaks. The approach used focuses on splitting the system into two primary functional components: flow
monitoring with a microcontroller and distribution control with a PLC.
Initially, a Programmable Logic Controller (PLC) is used to regulate the water distribution process. Ladder logic is
used in the PLC's programming to control solenoid valves in response to predetermined circumstances. The water flow
from the storage tank to the distribution pipeline is controlled by these valves. Because PLCs are built to effectively
manage real-time industrial control duties, their adoption guarantees dependable and consistent performance.
Two flow sensors are placed at various pipeline locations for monitoring. The first sensor is positioned close to the
water tank's exit, while the second sensor is set close to the pipeline or end-user side. The water flow rate via each of
these places is continuously measured by these sensors.
Data acquisition and processing are handled by a microcontroller that interfaces with the sensor outputs. After reading
the flow readings from both sensors, the microcontroller compares them with a predetermined threshold value. The
flow values from both sensors are almost comparable under typical circumstances. On the other hand, a large
discrepancy between the two measurements suggests that there might be a pipeline leak.
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The system detects a leakage condition when the difference beyond the predetermined threshold. A buzzer and an LCD
display are part of the alarm mechanism that the microcontroller initiates in response. While the display gives pertinent
information like flow values and leakage status, the buzzer sounds an alert so the operator may respond right away.

The flexibility and cost-effectiveness of microcontroller-based monitoring are combined with the stability of PLC-
based control in this hybrid approach. The system reduces total costs while maintaining efficiency by keeping control
and sensor operations separate. The approach is easy to use, scalable, and appropriate for both small-scale and large-
scale water distribution networks.
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IV. IMPACT OF THE PROJECT
1. Decrease in water wastage-
By measuring flow values at several places, the system aids in the early detection of leaks. This guarantees improved
resource conservation and stops ongoing water loss.

2. Increased water distribution efficiency-
PLC automation enables timely and regulated valve operation. As a result, the water supply across the distribution
network is more reliable and balanced.

3. Reduction of manual intervention-
Automated control greatly reduces the requirement for human valve operation. This lowers the possibility of human
error while also saving time.

4. Monitoring system performance in real time-
Real-time data on water movement is obtained through continuous flow measurement with sensors. This makes it
possible to quickly identify anomalous system circumstances.

5. Economical execution-
When compared to fully industrial solutions, the usage of a microcontroller for monitoring lowers the entire system
cost. Because of this, the system can be used in rural and low-budget applications.

Copyright to IJARSCT
www.ijarsct.co.in

643

| 2581-9429 |1
R\ 1JARSCT /3
2 55




({ IJARSCT

xx International Journal of Advanced Research in Science, Communication and Technology
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal FiEp 00}
ISSN: 2581-9429 Volume 6, Issue 3, March 2026 Impact Factor: 8.2

6. Improved use of water resources-
The system encourages effective use of available water by guaranteeing appropriate control and minimizing losses.
This is particularly crucial in places where water is scarce.

7. Quicker defect identification and reaction-
The buzzer and display alarm system aids in promptly informing the operator. This makes it possible to address
problems like leaks more quickly.

8. Encouragement of environmentally friendly infrastructure-
The initiative helps create water management methods that are more effective and sustainable. It is in line with the
increasing demand for clever and economical solutions.

V. FUTURE SCOPE
1. Connectivity to SCADA systems-
Integrating the suggested system with a SCADA platform for centralized monitoring and control can improve it even
more. This would enable data logging, remote supervision, and improved system performance visualization.

2. IoT-based monitoring implementation-
The system may provide real-time data to cloud platforms by integrating loT modules. This would make it possible to
use web-based or mobile applications for remote access, analysis, and control.

3. Advanced methods for detecting leaks-
Machine learning algorithms or pressure sensors may be used in the future to detect leaks more precisely. This would
assist in determining the precise position and extent of the leak.

4. Designing energy-efficient systems-
Future iterations may take into account power consumption optimization through the use of low-power components and
effective control techniques. As a result, the system would be more suited for continuous operation at remote locations.

5. Integration of mobile applications-
To deliver real-time notifications and system status updates, a specialized mobile application could be created. This
would provide better user involvement and enable authorities to address problems promptly.

6. Scalability for extensive implementation-
Larger distribution networks, like metropolitan water delivery systems, can be covered by expanding the system. It is
possible to incorporate more sensors and control units without significantly altering the current architecture.

7. Predictive maintenance and data analytics-
Analysis of the gathered data can be utilized to anticipate potential malfunctions or leaks. Planning maintenance tasks
and enhancing system dependability might benefit from this.
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