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Abstract: This research paper presents the design and
implementation of a Campus Wireless Water Management
Automation System (CWWMAS) integrated with existing
plumbing architecture and building patterns. The system
utilizes data from pumping activities, such as those occurring in
hospitals, schools, hotels, and other campus facilities, to detect
potential leaks through the analysis of pumping cycles. By
considering factors such as the timing of water usage and
fluctuations in pumping activity during working hours, the
system employs advanced virtual leakage audit provisions to
identify and mitigate potential leaks in real time. This paper
outlines the architecture, components, and operation of the
CWWMAS, along with its benefits and potential applications in
campus water management.
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L INTRODUCTION

Water management in campus environments poses unique
challenges due to the diverse array of facilities and buildings
with varying water usage patterns. Efficient monitoring and
detection of water leaks are essential to conserve water
resources, reduce operational costs, and prevent damage to
infrastructure. Traditional methods of leak detection often rely
on manual inspection and are prone to human error and
inefficiency. In response to these challenges, this paper
proposes a Campus Wireless Water Management Automation
System (CWWMAS) that leverages existing plumbing
infrastructure and building patterns to enhance leak detection
and management capabilities. Efficient water management is
crucial for campuses with diverse facilities and buildings.
Traditional leak detection methods are often manual and
inefficient. To address this, the CWWMAS utilizes wireless
sensors and machine learning algorithms to monitor water
usage patterns and detect anomalies indicative of leaks.

IJERA Volume 04, Issue 01
10.5281/zenodo.12529227

Binu B. R.
Department of Electrical & Electronics
Engineering Govt. Polytechnic College, Pala
Kottayam,Kerala,India
brbinugpc@gmail.com

II. SYSTEM ARCHITECTURE
The CWWMAS consists of several key components:

Sensor Network: Wireless sensors are deployed
strategically throughout the campus to monitor water flow
and pressure in real time.

Data Collection Unit: Collects sensor data and transmits it
to the central processing unit for analysis.

Central Processing Unit (CPU): Analyzes incoming data
using machine learning algorithms to detect abnormal
water usage patterns indicative of potential leaks.

User Interface: Provides administrators with a dashboard to
visualize and manage water usage data, receive alerts, and
initiate corrective actions.

Actuators: Automated valves and shut-off mechanisms that
can be controlled remotely to mitigate leaks detected by the
system.

A. Detailed Architecture

The first step in the water management algorithm involves
identifying the type of utility present within the campus
environment. This initial categorization serves as a crucial
foundation for tailoring water management strategies to the
specific needs and characteristics of each utility type.
Whether it be educational institutions like schools or
colleges, healthcare facilities such as hospitals, or
residential accommodations like hostels, understanding the
unique requirements of each utility type is essential for
effective water management.

Following the identification of utility types, the algorithm
proceeds to analyze the nature of water utilization and the
temporal aspects of usage associated with each identified
utility. This comprehensive analysis delves into
understanding not only the quantity of water consumed but
also the timing and duration of usage patterns. By gaining
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insights into peak usage hours and periods of low demand,
administrators can optimize water distribution schedules and
resource allocation, thereby maximizing efficiency and
minimizing wastage.

Once the water utilization patterns are thoroughly
understood, the algorithm then focuses on identifying all
water sources within the campus infrastructure and
establishing a prioritization scheme among them. This step
ensures that resources are allocated efficiently, with priority
given to critical water sources essential for sustaining
campus operations. By setting priorities, administrators can
streamline  maintenance efforts, allocate resources
effectively, and ensure uninterrupted water supply to key
facilities. Together, these steps lay the groundwork for an
effective water management system that promotes
sustainability, efficiency, and resilience within the campus
environment.

I1I. OPERATION

The Campus Wireless Water Management Automation
System (CWWMAS) functions through a process of
continuous monitoring of water usage patterns within the
campus infrastructure. This involves real-time analysis of
water consumption against predefined thresholds and
historical data to discern any deviations or irregularities.
One of the primary mechanisms employed by the system
involves scrutinizing the timing and frequency of pumping
activities across various facilities. By examining patterns
such as unexpected water pumping during non-working
hours or inconsistencies in pumping cycles, the CWWMAS
can swiftly identify potential leaks. These anomalies trigger
automated alerts within the system, prompting immediate
action to investigate further and initiate a virtual leakage
audit.

Upon detecting potential irregularities in water usage
indicative of a leak, the CWWMAS initiates a virtual
leakage audit to pinpoint the source and severity of the issue.
Leveraging advanced algorithms and simulation techniques,
the system simulates water flow patterns based on historical
data and infrastructure characteristics. By comparing these
simulated patterns with real-time sensor readings, the system
can accurately localize the leak and assess its impact. This
proactive approach enables administrators to swiftly respond
to potential leaks, minimizing water wastage, preventing
damage to infrastructure, and ensuring the -efficient
operation of campus water systems.

IV. ADVANCED VIRTUAL LEAKAGE AUDIT PROVISION

The virtual leakage audit provision employs sophisticated
algorithms to simulate water flow and usage patterns based
on historical data and building characteristics. By comparing
simulated data with real-time sensor readings, the system
can pinpoint the location and severity of potential leaks with
high accuracy. Furthermore, the system
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can adapt and learn from new data, improving its detection
capabilities over time.

A. Algorithm

1. Identify the type of utility (school, college, hostel,

hospital, etc)

2. Analyze the nature of water utilization and the timing
span of the above utility.
3. Identify all the water sources on the campus and set

priority for all sources.

4.  Collect the data of pumping motors ( Type, Hp rating,

flow rate, etc)

5. Based on the data collected, set the threshold limit for

water usage.

6. Allow some percentage variation ( say 30%) and
analyze the variations in parameters to detect the

leakage.
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Figl: Water Pumping Data over Time

V. GRAPHS

e Time of Pumping as per the real-time clock
(X-axis) vs. Water Pumping Volume (Y-axis)

® This bar graph illustrates fluctuations in water
pumping volume throughout the day, highlighting
peaks and valleys corresponding to different usage

patterns.

e This bar graph compares the duration of pumping
activities across real time clock values, providing
into usage patterns and identifying
potential outliers.

The real-time series bar graph displays water pumping data
over a real-time clock, providing insights into the patterns
of water usage throughout the day. Considering that the
institution's working hours are from 9 am to 5 pm, any
pumping activity outside of this timeframe may be
indicative of potential leaks or inefficient water usage.
Additionally, if there is a cyclic nature to the pumping data,

insights
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align with specific activities or operations within the
campus.

Upon analyzing the graph, we would first identify the time
intervals during which pumping activities occur. We would
pay particular attention to any pumping that occurs outside
of the institution's working hours, as this could signal leaks
or abnormal water usage. Any consistent spikes or
fluctuations in water pumping volume during non-working
hours would warrant further investigation.

Furthermore, we would look for cyclic patterns in the data,
such as recurring peaks and valleys at consistent intervals
throughout the day. These cyclic patterns may correspond to
routine activities or operational processes within the campus,
such as scheduled maintenance, cleaning, or irrigation.
However, deviations from these expected patterns could
indicate  abnormalities or inefficiencies in  water
management, such as leaks or excessive water usage.

Overall, the analysis of the time series line graph would
involve identifying any pumping activities occurring outside
of working hours and assessing the consistency of cyclic
patterns in water usage. Any deviations from expected
patterns could serve as indicators of potential leaks or
opportunities for optimization in campus water management
practices.

V. BENEFITS AND APPLICATIONS

In addition to improved water conservation, cost savings,
and environmental sustainability, the Campus Wireless
Water Management Automation System (CWWMAS) offers
several other significant benefits and applications. One such
advantage is energy saving. By optimizing water distribution
and usage, the CWWMAS helps to reduce the energy
consumption associated with pumping and heating water. By
detecting and rectifying leaks promptly, the system ensures
that energy is not wasted in pumping water to unintended
areas or compensating for lost heat due to leaks.

Moreover, the CWWMAS provides motor and starter
protection mechanisms, extending the lifespan of pumping
motors and associated equipment. By monitoring and
regulating water flow, the system prevents overloading and
overheating of motors, reducing the likelihood of premature
wear and mechanical failures. This protection not only
minimizes maintenance costs but also enhances the
reliability and efficiency of campus water infrastructure.

Furthermore, the CWWMAS contributes to manpower
saving and effective utilization of resources. By automating
the monitoring and detection of water leaks, the system
reduces the need for manual inspections and interventions,
freeing up personnel for other essential tasks. Additionally,
by streamlining water management processes and optimizing
resource allocation, the system ensures that human resources
are utilized efficiently, leading to greater
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productivity and operational efficiency within the campus
environment.

Improved Water Conservation: Through its real-time leak
detection and mitigation capabilities, the CWWMAS plays
a pivotal role in conserving water resources and
minimizing wastage within the campus environment. By
swiftly identifying and addressing leaks, the system
ensures that water is utilized -efficiently, thereby
contributing to the sustainable management of this vital
resource.

Cost Savings: The CWWMAS delivers significant cost
savings for campus facilities by proactively preventing
water leaks and minimizing damage to infrastructure. By
averting potential repair costs and operational disruptions
associated with leaks, the system helps optimize budget
allocations, leading to enhanced financial sustainability for
the institution.

Environmental Sustainability: As an integral component of
sustainable water management practices, the CWWMAS
promotes environmental sustainability within campus
communities. By fostering efficient water usage and
conservation, the system reduces the ecological footprint of
the institution, aligning with broader environmental
stewardship goals and contributing to a greener, more
sustainable future.

Scalability: A key advantage of the CWWMAS lies in its
modular design and scalability, which enable seamless
adaptation to diverse campus environments and building
types. Whether deployed in educational institutions,
healthcare facilities, or commercial complexes, the
system's flexibility ensures that it can be tailored to meet
the unique needs and infrastructure requirements of each
setting, thereby maximizing its effectiveness and utility
across the campus landscape.

Lastly, the CWWMAS enhances the overall efficiency of
the campus by promoting sustainable water management
practices. By conserving water, reducing energy
consumption, and minimizing operational costs, the system
contributes to a more environmentally friendly and
economically viable campus infrastructure. This efficiency
not only benefits the institution financially but also
enhances its reputation as a responsible steward of
resources, attracting students, faculty, and stakeholders
who  prioritize  sustainability and environmental
stewardship.

VI. CoNCLUSION

The CWWMAS presents a novel approach to campus
water management, leveraging existing infrastructure and
advanced technology to enhance leak detection and
promote efficient water usage. Future research directions
include algorithm optimization and real-world testing in
diverse campus settings. The Campus Wireless Water
Management Automation System with Advanced Virtual
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Provision presents a novel approach to water management in
campus environments. By leveraging existing plumbing
architecture and building patterns, the system enhances leak
detection capabilities and promotes efficient water usage.
Future research directions include further optimization of
algorithms, integration with smart building technologies, and
real-world deployment and testing of the system in diverse
campus settings.
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