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Abstract- Managing wastewater is essential for keeping our
environment clean and ensuring water resources are used
wisely. As cities grow and environmental conditions worsen,
smarter wastewater management methods are becoming more
important than ever. Modern technologies like Wireless
Sensor Networks (WSN) and the Internet of Things (loT) are
making significant improvements in this area. The proposed
10T-WMS model uses blockchain technology to securely store
information and create an incentive system that encourages
recycling wastewater. Blockchain tracks details about the
quality and quantity of treated water and rewards households
and industries with tokens for their recycling efforts. This
encourages water conservation and more responsible
wastewater management.

However, since tokens are tied to data, there’s a risk
of information manipulation. To prevent this, anomaly
detection algorithms are used to spot any tampered 10T sensor
data, ensuring the data’s reliability. IoT sensors measure
important metrics like chemical composition, pH levels,
turbidity, and conductivity to help track water quality
accurately. SCADA  (Supervisory Control and Data
Acquisition) systems complement this model by adding
enhanced monitoring and control features. SCADA systems
collect real-time data from treatment plants, tracking flow
rates, chemical dosing levels, pump status, and storage tank
conditions. With this information, operators can make better
decisions and respond quickly to changing conditions. SCADA
can also automate controls for pumps, valves, and chemical
dosing equipment based on sensor data, minimizing manual
intervention and improving efficiency. The system logs
detailed data for analysis, which supports predictive
maintenance and helps identify trends for better resource
management. SCADA systems can alert operators instantly if
there are issues like sensor faults, chemical imbalances, or
unexpected changes in flow rates, ensuring swift action can be
taken. Additionally, remote access features let operators
monitor and adjust system settings from afar, providing more
flexibility when managing large-scale wastewater systems.

Page | 1266

When the 10T-WMS model is enhanced with SCADA
integration, it shows impressive results: a wastewater
recycling rate of 96.3%, an efficiency ratio of 88.7%, a low
moisture content ratio of 32.4% for better sludge control, a
90.8% increase in wastewater reuse, and an anomaly
detection accuracy of 92.5%. By combining loT, blockchain,
and SCADA systems, this innovative wastewater management
model delivers improved efficiency, greater security, and
meaningful incentives for water conservation. This forward-
thinking approach aligns with the goal of developing smarter
and more sustainable cities.

Keywords- loT, SCADA, Wastewater
Blockchain, Smart Cities.
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I. INTRODUCTION

Water must be safe for drinking, washing, and
industrial use. Wastewater refers to any water that requires
treatment after use. Proper wastewater management is
essential for preserving water resources, as untreated
wastewater contains chemicals and pathogens that can harm
aquatic life, plants, and birds. Effective wastewater
management ensures that water is reused rather than wasted,
reducing contamination risks to crops and drinking water,
which in turn impacts human health. When correctly
processed, wastewater becomes a valuable water source with
various applications. Treating wastewater is crucial for
protecting different habitats, as its beneficial reuse reduces the
negative environmental effects of wastewater and industrial
effluent contamination. The end-use of recycled wastewater
determines the appropriate quality and safety control measures
required.

With increasing urbanization, the risk of water
shortages grows, making safe drinking water a fundamental
necessity. This highlights the importance of wastewater reuse
and recycling. In this project, conducted in Tiruchirappalli, the
recycled wastewater is stored in an underground sump and
used for irrigation and plantation purposes. Utilizing recycled
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water reduces reliance on expensive groundwater sources and
minimizes wastewater discharge into rivers and oceans.
Specific treatment standards apply depending on the intended
application of the recycled water. Treated and recycled
wastewater provides a cost-effective alternative that reduces
pressure on freshwater sources such as groundwater, rivers,
and reservoirs, which is particularly relevant in regions
affected by water scarcity and drought. If wastewater is not
properly extracted and reused, it is often discharged into large
water bodies, contributing to environmental pollution.
Recycling wastewater is one of the most effective ways to
prevent water depletion and reduce contamination that harms
ecosystems. Untreated wastewater does not naturally
decompose and poses environmental risks.

Wastewater treatment involves extracting pollutants
from sewage and converting it into usable water (water
recovery) or safely returning it to the water supply with
minimal environmental impact. This project utilizes wireless
sensor networks and loT-based technologies to enhance
wastewater treatment efficiency. In a centralized system setup,
a wireless sensor network is deployed, with a base terminal
acting as the central hub for data collection, storage, and
analysis. The hardware includes pumps, a fluidic chamber, and
multiple sensor nodes to monitor changes in water quality.
These sensor nodes track color variations in the wastewater, as
well as environmental factors such as light levels and
temperature. Experimental results demonstrate that wireless
sensing technology significantly improves the monitoring and
control of water purification treatments.

By detecting and preventing sewage and chemical
overflows in wastewater using loT sensors, intelligent
wastewater management systems address the growing
freshwater demand in smart cities. Freshwater is a critical
natural resource that is not always available. The loT
integrates sensing devices at various points within the water
treatment system to monitor essential parameters such as
water quality, temperature fluctuations, pressure changes, and
leak detection. Smart water sensors powered by loT
technology ensure efficient monitoring and management of
these variables. In practice, an loT-based sensor solution can
regulate fluid flow across treatment plants, assisting water
utility providers in optimizing operations. water reuse, and
addressing urban water shortages.

1.1 Obijectives of the Project

1. Designing an loT-Based Wastewater Management
System (loT-WMS) — Developing an loT-enabled
system for wastewater treatment and management to
meet the water demands in a smart city.
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2. Implementing Blockchain Technology  for
Wastewater Reuse — Utilizing blockchain to securely
store data, ensure transparency, and incentivize
wastewater recycling in smart cities.

3. Enhancing Cost-Effectiveness and Reliability -
Demonstrating that the proposed model is more
efficient and cost-effective than conventional
wastewater management systems, thereby providing
a sustainable alternative for global wastewater
management.

Il. SCOPE OF THE PROJECT

The scope of this project focuses on developing an
loT-based Wastewater Management System (IoT-WMS)
integrated with blockchain technology to enhance wastewater
treatment and recycling in smart cities. The project aims to
ensure sustainable water resource management, reduce
dependency on freshwater sources, and promote the reuse of
treated wastewater in various applications.

Key Areas of Scope:

1. Smart Wastewater Treatment — Implementation of
IoT sensors to monitor water quality, detect
contaminants, and optimize wastewater treatment
processes in real time.

2. Blockchain for Data Security & Transparency —
Ensuring tamper-proof data storage and enabling a
token-based incentive system to encourage
wastewater recycling.

3. Water Conservation & Reuse - Encouraging
industries and households to reuse treated wastewater
for purposes such as irrigation, cleaning, and
industrial processes.

4. Automation & Efficiency — Enhancing automation in
wastewater treatment plants using loT-based
monitoring systems to improve efficiency and
minimize operational costs.

5. Environmental & Economic Benefits — Reducing
pollution, preventing water shortages, and lowering
treatment costs by eliminating the need for
conventional wastewater management methods.

6. Scalability & Smart City Integration — The project is
scalable and adaptable for implementation in other
smart cities, ensuring sustainable urban water
management.

By integrating loT, blockchain, and anomaly

detection algorithms, this project conducted in Tiruchirappalli
serves as a model for smart wastewater management, paving
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the way for future advancements in sustainable water
treatment solutions.

I11. REALATED WORK

This section presents recent studies related to
wastewater management and highlights their relevance to the
proposed approach.Vibhas Sukhwani et al. explored smart
urban—rural linkages using a water—energy—food nexus-based
approach. They developed a conceptual knowledge framework
(KCF) to analyze water supply flow between urban and rural
areas, offering insights into sustainable development strategies
for smart cities.H. K. Pandey et al. used Geographic
Information System (GIS) and a Water Quality Index (WQI)
to assess groundwater quality in smart cities. Their highlighted
the impact of urbanization and human activities on
groundwater contamination. B. Essex et al. introduced a
National Blueprint Framework (NBF) to monitor progress
toward water-related Sustainable Development Goals (SDGSs)
in Europe. Their research identified challenges in
implementing SDG 6 at the national level and proposed 24
water-related indicators to measure progress. Maria C et al.
discussed the evolution of wastewater management,
emphasizing paradigm shifts and current challenges. Their
reviewed global wastewater management strategies and
highlighted the importance of public awareness and
conservation efforts. Another focused on decentralized
wastewater management, analyzing policy gaps in on-site
wastewater treatment systems (OWTS). The research found a
lack of coordination in land use planning, system
maintenance, and public awareness programs. A cyber-
physical systems management framework (CPSMF) was
proposed for real-time monitoring of urban water systems.
This system aimed to enhance control, interoperability, and
automation in urban water supply and drainage networks.

IV. METHODOLOGY FOR THE PROJECT

The proposed methodology integrates the Internet of
Things (loT), blockchain, and Artificial Neural Networks
(ANN) for efficient wastewater management. This approach
enhances real-time monitoring, predictive analytics, and
secure data storage while providing incentives for wastewater
recycling. The methodology is structured into different phases
covering  process  characterization,  system  design,
implementation, and evaluation.

V. PROCESS CHARACTERIZATION IN
WASTEWATER TREATMENT.

5.1 Current Effluent Treatment Processes The existing
wastewater treatment process follows a structured flow, as
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shown in the process flow diagram. The key operations
include:

e Screening: Removes coarse and fine materials such
as plastics, stones, and metals to prevent obstructions
in downstream processes.

e Equalization Tank: Collects effluent for a minimum
of 8 hours to maintain a uniform discharge
concentration, supported by aeration systems to keep
solids in suspension.

e Flocculation & Clarification: Coagulants and
polyelectrolytes facilitate particle aggregation for the
removal of suspended solids and reduction of
biochemical oxygen demand (BOD) and chemical
oxygen demand (COD).

e Neutralization: Adjusts wastewater pH to levels
suitable for subsequent anaerobic and aerobic
treatment processes.

e Anaerobic Digestion & Clarification: Facilitates
microbial  decomposition of organic matter,
producing methane, carbon dioxide, and nutrient-rich
sludge.

e Aerobic Digestion & Clarification: Utilizes microbial
oxidation to further degrade pollutants and remove
heavy metals through sulfate precipitation.

e Chlorination & Filtration: Disinfects treated water
using sodium hypochlorite, followed by filtration and
adsorption on activated carbon to eliminate residual
contaminants.

e Sludge Management: Processes and dries sludge for
safe disposal or reuse as fertilizer.

VI. I0T-BLOCKCHAIN-BASED WASTEWATER
MANAGEMENT SYSTEM

6.1 System Architecture

The loT-Blockchain-Based Wastewater Management System
is designed with the following layers:

1. Sensor Layer: loT sensors collect data on water
consumption, contamination levels, and wastewater
treatment parameters.

2. Data Collection Layer: Smart meters and sensors
transfer data through secure networks (WiFi, 4G, and
5G).

3. Edge Computing Layer: Pre-processes and
authenticates collected data before uploading to the
blockchain.

4. Blockchain-Enabled Cloud Layer: Stores verified
data securely using Hyperledger Fabric, ensuring
tamper-proof recordkeeping.
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5. Decision-Making & Incentive Layer: Implements a
token-based reward system for wastewater recycling
efforts.

6.2 Implementation Phases

e Phase 1: Sensor Deployment — Installation of loT
sensors in water infrastructure to monitor key
wastewater treatment metrics.

e Phase 2: Data Collection & Processing -
Transmission of sensor data to edge computing
devices for real-time processing.

e Phase 3: Blockchain Integration — Utilization of
Hyperledger Fabric and smart contracts to enhance
data security and enforce compliance.

e Phase 4: Incentive System Implementation — Digital
token allocation based on wastewater recycling
contributions.

e Phase 5: Anomaly Detection & Security Measures —
Polynomial Regression Analysis identifies fraudulent
data or deviations in wastewater management
patterns.

e Phase 6: Cloud-Based Monitoring & Decision
Support — Authorities leverage blockchain-stored
data for policy formulation and infrastructure
improvements.

VIl. PERFORMANCE EVALUATION
& SIMULATION

The system’s effectiveness is tested through simulations based
on:

o  Wastewater Recycling Rate
o Efficiency Ratio

e Moisture Content Ratio

o Wastewater Reuse Ratio

e Prediction Accuracy

A smart city simulation evaluates the impact of
blockchain incentives on wastewater recycling adoption
compared to conventional management methods.

The proposed loT-based wastewater management
system integrates blockchain technology and ANN for
efficient monitoring, predictive analytics, and secure data
management. By providing incentives, this approach promotes
sustainable  wastewater reuse, contributing to water
conservation and urban development in Tiruchirappalli.
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VIII. LITERATURE REVIEW

The application of Artificial Neural Networks (ANN)
and blockchain technology in wastewater management has
gained significant attention. ANN-based models do not require
explicit process characterization and can handle partial data
while offering fault tolerance. Several studies have explored
the application of ANN, risk analysis techniques, and
blockchain-based frameworks in wastewater treatment and
management. Several studies have explored loT applications
in water management. Research highlights the importance of
smart environmental pollution monitoring, emphasizing
sustainable technology development. One focused on loT-
based real-time water quality monitoring for the Krishna
River, measuring parameters like pH, biochemical oxygen
demand, conductivity, and TDS using an Arduino Mega 2560.
Another employed a wireless sensor network with loT
capabilities to monitor water quality in Curtin Lake, reducing
costs and energy consumption.

8.1 Artificial Neural Networks in Wastewater Treatment:

e Amoueyan et al. (2020) performed a Quantitative
Microbial Risk Analysis (QMRA) to assess microbial
infectious disease risks associated with various
drinking water reuse systems. Their highlighted the
importance of bioaerosol evaluations in wastewater
treatment plants.

o Elgallal et al. (2018) assessed risks associated with
contaminants in recovered groundwater using a risk
matrix technique. Their analyzed the effects of heavy
metals, salinity, and organic pollutants on soil, plants,
and human health.

e Courault et al. (2021) utilized QMRA methodology
to evaluate airborne enteric viruses in wastewater
used for irrigation. The concluded that quantitative
microbial risk assessment could aid in formulating
safe water reuse policies despite requiring higher
computational resources.

Wastewater

8.2 Application of Blockchain in

Management:

e Ren et al. (2023) optimized Feed forward Neural
Networks (FFNNSs) using a scaled conjugate gradient
approach. Their achieved improved pollutant
elimination and reduced energy consumption in
wastewater treatment plants (WWTPs). They
demonstrated how blockchain-based ANN models
could ensure data security while enabling efficient
decision-making.
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e Hyperledger Fabric, an open-source block chain
framework, has been widely adopted for securing
loT-based wastewater management systems. The use
of smart contracts ensures that all transactions are

verified and stored securely, preventing data
manipulation.
e The application of decentralized ledgers in

wastewater management enhances traceability and
accountability. By incorporating incentive-based
token mechanisms, stakeholders are encouraged to
actively participate in wastewater recycling efforts.

An organizer is a compact computing device capable
of running applications and connecting to networks. It can be
configured to collect sensor data and transmit it online for
storage and analysis. Applications run on online platforms,
providing data through user interfaces in response to controller
inputs. loT-based water management systems are cost-
effective and scalable, allowing for efficient monitoring of
water quality using affordable sensors. Readily available
communication technologies enable seamless deployment with
minimal configuration. Utilizing 10T platforms simplifies
remote monitoring and control of equipment.

The Supervisory Control and Data Acquisition
(SCADA) system is crucial for managing filtration processes
in wastewater treatment plants. SCADA enables monitoring,
control, and data collection, ensuring efficient plant
operations. Modern SCADA systems integrate advanced
computing technologies, enhancing their role in automated
wastewater management. This technology facilitates real-time
monitoring, automatic control, and remote supervision of
filtration processes, reducing the need for human intervention.
SCADA systems provide essential infrastructure for real-time
monitoring, alarm management, data acquisition, and remote
access, improving operational efficiency and decision-making.

IX .COMPARISON BETWEEN SCADA AND DCS:
A Distributed Control System (DCS) is similar to
SCADA but differs in key aspects. DCS operates within a

control room and manages batch-oriented or continuous
processes such as petrochemical production, oil refining, and
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paper manufacturing. While both SCADA and DCS offer
control and monitoring capabilities, DCS is limited to specific
operator access within a defined range, whereas SCADA
enables unrestricted remote access. Additionally, SCADA
incorporates data acquisition, allowing for historical data
analysis, while DCS primarily monitors real-time processes.
DCS employs closed-loop control, meaning output influences
plant operations via feedback, whereas SCADA functions
using open-loop control. SCADA utilizes a low-speed
communication system, whereas DCS demands high-speed
and reliable communication. Due to its flexibility and cost-
effectiveness, SCADA is widely used in both industrial

and small-scale applications.

—a
X. 10T INTEGRATION WITH SCADA

The 10T enhances conventional SCADA by enabling
real-time data collection and transmission across multiple
protocols. This integration links physical components with
digital representations, improving data aggregation and
historical data analysis. By combining loT with SCADA,
organizations can achieve greater insights, real-time
monitoring, and improved process control. An integrated 10T -
SCADA architecture supports various network protocols,
enhancing data processing and decision-making capabilities

www.ijsart.com



IJSART - Volume 11 Issue 4 — APRIL 2025

XI. CONTRIBUTION

The proposes of this project is loT-based SCADA
system for effective wastewater management, reducing
overflow risks and malfunctions. The system can be applied
across different wastewater collection and treatment stages,
employing intelligent water sensors to analyze water quality,
pressure, and temperature in real-time. The proposed system
ensures compliance with effluent treatment regulations and
employs Complex Event Processing (CEP) for analyzing large
data streams generated by loT sensors. Advanced data
analytics enhance process optimization, issue detection, and
system maintenance. Automation via 10T-SCADA integration
reduces manual intervention, improving operational
efficiency.

The remainder of this paper is organized as follows:

e Section 2: Categorizes existing literature based on
agricultural, industrial, and residential applications.

e Section 3: Proposes an loT-integrated SCADA
architecture.

e Section 4: Discusses experimental results.

e  Section 5: Concludes.

Chilorine
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11.1.Limitations of Existing Systems

Despite their benefits, 10T-based water treatment systems face
challenges, including:

e Connectivity Issues: Dependence on internet
connectivity makes systems vulnerable to disruptions
from network failures, power outages, or technical
issues.

e Sensor Reliability: Sensor accuracy may decline due
to fouling or calibration drift, affecting water quality
monitoring.

e High Implementation Costs: loT-based systems
require significant investment in hardware, software,
and maintenance, which may be unaffordable for
some organizations.
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e Cyber security Risks: loT-based systems are
susceptible to cyber-attacks, requiring robust security
measures.

e Operational Complexity: Skilled personnel are
needed to manage and maintain these systems
effectively.

e Scalability Challenges: loT-based solutions may not
scale efficiently for larger or more complex water
treatment facilities.

e Data Analysis Limitations: The vast amount of data
generated requires advanced analytics tools and
expertise to derive meaningful insights.

11.2.Problem Identification

Access to clean drinking water remains a significant
global challenge. Issues such as water pollution, depletion of
freshwater resources, and inadequate sanitation require
innovative solutions. Traditional water treatment methods
reply on chemicals and consume excessive energy, making
them impractical in resource-constrained regions. A modern
loT-based water treatment system offers real-time monitoring,
evaluation, and treatment of water quality.

11.3. Summary and Research Gap

While previous research have explored ANN, risk
analysis, and blockchain integration in wastewater
management, the combination of 10T, blockchain-based
incentives, and Al-driven anomaly detection remains
underexplored. This research aims to address this gap by
developing an loT-Blockchain-ANN framework for real-time
wastewater monitoring and incentivization in smart city time
wastewater monitoring and incentivization in smart city.

11.4.ANN Model Development

The ANN modeling technique follows multiple steps:
training data collection, preprocessing, selecting the ANN
structure, determining parameters, training the ANN, and
analyzing training failures. The design phases are iterated until
the desired performance is achieved.

XI1. DATA COLLECTION AND PREPROCESSING

The accuracy of ANN training depends on evaluating
raw plant data. Missing values were interpolated, and
anomalies were removed through visualization and statistical
analysis. The dataset included COD inlet values from six
industrial sectors, COD pull-out, and COD outlet values.
Engineering evaluations determined the essential input and
output variables to achieve the best effluent forecast with
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minimal inputs. A larger number of input variables increases
model complexity and noise.

12.1.Model Design

Neural ware predictive technologies were used for
model design. A feed-forward backpropagation ANN was
chosen due to its capability in water quality predictions,
utilizing supervised normal cumulative delta (NCD) analysis
and a hyperbolic tangent (tanh) activation function.

12.2. Feed-Forward Neural Network Model Structure

A well-structured FFNN model adjusts weights to
minimize the error between predicted and actual values. The
network consists of an input layer, a hidden layer, and an
output layer. The model was set up to predict effluent COD,
suspended solids (SS), and mixed liquor suspended solids
(MLSS). Due to the small dataset, the number of hidden layers
was optimized to save time, improve efficiency, and prevent
over fitting.

12.3.FFNN Model Optimization

Three optimization algorithms—Levenberg-
Marquardt (L-M), Bayesian Regularization (BR), and Scaled
Conjugate Gradient (SCG)—were applied to enhance learning
efficiency and prediction accuracy.

1. L-M Algorithm: Combines the Gauss-Newton (G-N)
method with gradient descent, avoiding local minima
and improving convergence speed.

2. BR Algorithm: Applies regularization to prevent over
fitting by modifying the performance function to
balance accuracy and generalization.

3. SCG Algorithm: An improved back propagation
method that optimizes weight updates for better
training efficiency.

XI1l. MODEL TRAINING AND TESTING

Training establishes the relationship between inputs
and outputs using back propagation. The network adjusts
weights iteratively to minimize error. Training continues until
root mean square error (RMSE) stops improving.

Performance metrics include RMSE, AAE, and
MAPE, which measure prediction accuracy. The correlation
coefficient (r) determines the strength of the relationship
between predicted and observed values.

13.1.Model Execution
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After training and testing, the model was executed to obtain
predictions.

13.2.Data Collection

Data were collected over 31 months from a
wastewater treatment facility, with 250 samples used (175 for
training, 75 for testing).

XIV. EVALUATION OF MODEL PERFORMANCE

Performance metrics—RMSE, AAE, MAPE, and
correlation coefficient (r)—were calculated for both training
and testing datasets to determine the best model structure.
RMSE assesses model accuracy, distinguishing between
training and testing performance.

The comparison between target and predicted outputs
was analyzed using R and RMSE values. R ranges between -
1.0 and +1.0, where a higher absolute value indicates a
stronger correlation. The R values for training and testing
were similar, confirming model generalization and predictive
accuracy.

e Accuracy (%): Percentage of predictions within a
tolerance range.

e Confidence Interval (%): Probability range where the
predicted output falls within a target interval.

The error analysis of trained and tested models shows
RMSE, AAE, and MAPE values for COD, SS, and MLSS
prediction models, indicating high accuracy.

Limitations of existing system.

Due to their reliance on the internet, intelligent 1oT-
based water treatment systems are susceptible to operational
disruptions from connectivity failures, power outages, or other
technical challenges. Additionally, fouling or calibration drift
may impact the sensors' dependability to detect water quality.

An innovative loT-based water treatment system's
implementation can be pricey because it calls for hardware,
software, and maintenance expenditures. For smaller or less
financially secure organizations, these fees can be exorbitant.
Cyber-attacks could lead to data breaches or system failures in
intelligent l10T-based water treatment plants. These systems
need more resources and knowledge to ensure their security.
Qualified operators and maintenance workers must operate
and maintain intelligent 1oT-based water treatment systems.
For these systems to function well, people must be adequately
taught and competent to manage them.
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More extensive or sophisticated water treatment
facilities won't readily scale up intelligent loT-based water
treatment systems. As a result, they might work better in
smaller systems or as an addition to more conventional water
treatment techniques.

Smart loT-based water treatment systems may need
specialized analysis tools and knowledge to properly analyze
and utilize the massive amounts of data they create. False
assumptions and errors in the decision-making process might
result from a lack of comprehension of the evidence or
inaccurate interpretation.

Problem identification of existing system.

XV. PROPOSED SYSTEM
loT-powered smart water management system

While estimating the effectiveness of the effluent
treatment facility, the method described in this component
makes sure that chemical emissions do not go over permissible
limits. In addition, advanced event processing can be used to
analyze and manage the massive influx of data sets generated
in real-time by IoT devices. Additionally, the system employs
cutting-edge data analytics methods to analyze the gathered
data and produce insightful results. The treatment process can
be optimized using these insights, which can also be used to
spot possible issues and make decisions about system
maintenance and improvement. Additionally, the system may
automate specific tasks thanks to the integration of IoT and
SCADA, which lowers the need for manual intervention and
boosts operational effectiveness. The block diagram for the
I0T-SCADA technique is shown in . The ability to monitor,
regulate, and optimize water treatment procedures is improved
by using smart water treatment systems. This leads to
improved water quality and safety, reduced risks of
contamination, increased operational efficiency, and more
effective water supply system management.

The enterprise of an intelligent water organization is
suggested in this section while keeping in mind the main
takeaways from the analyses of the various strategies that were
previously described. A real-time, intelligent water
management system based on the IoT is advised to monitor
water levels and quality indicators. The suggested approach
will be controlled by a controller in the Raspberry Pi manner
and run programs written in well-known programming
languages like PYTHON. The pH sensor and the HC-SR04
ultrasonic range sensor will be connected to the controller to
provide data on the water's quality and level. The proposed
system combined water quality sensors such as pH and
temperature, turbidity, water distribution sensors such as
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ultrasonic water level and flow, and microcontrollers through
an loT system, allowing residents to control the incoming
water quality level via an installed home-based water filter.
Integrating loT systems like Blynk within the controller is
crucial for real-time monitoring. These platforms can remotely
administer Raspberry Pi and other 10T devices.

XVI1. USING THE INTERNET OF THINGS TO
MANAGE WATER

16.1.Essential qualities

After carefully examining the relevant studies in this
field, we offer the following essential components for a
successful, intelligent water management system.

16.2.Low cost: The system should not have a high overall
price. Large-scale implementation is discouraged by the
expensive cost, particularly in intelligent campuses and smart
cities.

16.3.Low energy consumption: The system must consume
less energ