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ABSTRACT

The project aims to develop a system for analyzing water quality using autoencoder
algorithms and FUI color scale. Autoencoders are neural network algorithms that
can learn efficient data representations by compressing the input data into a smaller
latent space and then reconstructing the original input from this latent space. FUI
color scale is a color mapping technique that can visually represent water quality
parameters such as pH, temperature, and dissolved oxygen levels.

The system also includes the development of a Flutter application for displaying
the water quality results. The application will be user-friendly and will allow users to
input water quality data, and the autoencoder algorithm will process the data and
generate the FUI color scale representation of the water quality parameters. The
results will be displayed on the Flutter application, providing a convenient way for
users to monitor and analyze water quality data.

Overall, this project has the potential to contribute to the development of efficient
and effective water quality analysis systems. By utilizing autoencoder algorithms and
FUI color scale, the system can provide accurate and visually appealing
representations of water quality parameters. Additionally, the Flutter application will

provide a user-friendly interface for users to access the results of the analysis.

Humans and other living things are completely dependent on clean water as a
resource. Consequently, there is tremendous societal and economic value in
developing a water quality prediction model to forecast future water quality
conditions. In order to forecast the water quality in this study, a model based on an
artificial neural network (ANN), discrete wavelet transform (DWT), and long short-
term memory (LSTM) was created. First, the missing values from the time series in
the water quality dataset utilized in this study were processed using a multi-layer

perceptron neural network.
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CHAPTER 1
INTRODUCTION

Freshwater is a vital resource for the environment and humanity. Large amounts of
freshwater are stored in inland lakes. The water quality of inland lakes is vulnerable
to the development of the economy, population growth, and land use. Freshwater
shortage and pollution have become a huge global challenge. Monitoring water
quality and its parameters in inland lakes is important for freshwater-resource
protection and management. We utilized the powerful learningability of CNNs to
construct the relationship between water-quality levels and the spectral-spatial
information of multispectral data. Remote-sensing images were used as CNN inputs,
and water-quality levels were used as labels. The correlation between in water-
guality levels and satellite images can be represented by a CNN model takes with a
small number of in situ data. The water quality of a water body is classified in terms
of the trained CNN model that is obtained from spatially- temporally matched satellite
images and in situ water-quality levels. Our work provides a comprehensive and
cost-effective remote-sensing mode to monitor the quality of the whole water body.
For the purpose of regulating water quality and safeguarding public health and the
environment, monitoring water quality is crucial. Significant prospects exist for
artificial intelligence (Al) to help with classification and water quality prediction (WQ).
This study evaluates different Al algorithms to manage WQ data gathered over a
long period of time and provide a reliable method for forecasting water quality as
precisely as feasible. The WQ data was classified using the Water Quality Index by
a number of machine learning classifiers and their stackingensemble models (WQI).
Monitoring water quality is essential for controlling water quality, protecting human
health, and protecting the environment. Artificial intelligence (Al) has a lot ofpotential
for classification and water quality prediction (WQ). In order to manage WQ data
obtained over a long period of time and give a trustworthy approach for projecting
water quality as exactly as possible, this study compares various Al algorithms.
Several machine learning classifiers and their stacking ensemble models classified
the WQ data using the Water Quality Index (WQI)



CHAPTER 2
LITERATURE SURVEY

This problem statement has been extensively studied over the past 11 years by
researchers and automotive companies in a bid to create a solution, and all their

solutions vary from analyzing various patterns of water Quality:

F Ustaoglu, B Tas, Y Tepe, H Topaldemir, 2021 -Anthropogenic pressures are
endangering the environment and water quality of the Terme River, a vital source
of water for irrigation and drinking in the area. As a result, the current study aims to
provide a thorough picture of the river's pollution sources and current water quality
status. Standard techniques were used to examine a few physicochemical water
quality characteristics along the river's surface water in space and time. Major
elements and heavy metal concentrations (Na, Mg, K, Ca, Al, Cr, Fe, Co, Mn, Ni,
Zn, Cd, Cu, Pb, As) in water samples were measured. Physicochemical data
relationships were evaluated using multivariate statistical analysis (MSA)
techniques. The following is a list of the cations' mean values in order: Ca2+ is
followed by Mg2+, Na+, K+, and NH4+ (32.66, 26.82, 13.29, 6.45, and 0.305;

Y Guo, C Liu, R Ye, Q Duan, 2020 - Water resources and human production are
intertwined. Accurate and speedy determination of the primary water quality
parameters has emerged as a contemporary research hotspot as a result of the
deteriorating environment for water resources. An efficient method for both
gualitative analysis and quantitative identification of pollutants in a water
environment is ultraviolet-visible (UV-Vis) spectroscopy. The theory and use of UV-
Vis technologies for determining water quality were examined in this review. The
method of modelling and spectral data analysis as well as the UV-Visspectroscopy
detection methodology for water quality parameters were given.According to the
categories of pollutants, such as chemical oxygen demand, heavymetal ions, nitrate
nitrogen, and dissolved organic carbon, various UV-Vis technologies for water

guality monitoring were examined. Last but not least, UV- Vis future development



K Chen, H Chen, C Zhou, Y Huang, X Qi, R Shen, F Liu, 2020 - The effectiveness
of machine learning models for predicting water quality may depend on both the
models themselves and the parameters in the data set that were selected for training
the learning models. In order to further lower prediction costs and increase prediction
efficiency, the learning models should additionally identify the essential water
characteristics. Using big data (33,612 observations) from the major rivers and lakes
in China from 2012 to 2018, we attempted to compare the water quality prediction
performances of 10 learning models for the first time (7 traditional and 3 ensemble
models), based on the precision, recall, F1-score, weighted F1-score, and explore
the potential key water parameters for future model prediction. Our findings indicated
that the larger data could enhance how well learning models perform in predicting
water quality. Decision tree (DT), random forest (RF), and deep cascade forest
(DCF) models that were trained using data sets of pH, DO, CODMn, and NH3-N
performed much better than the other 7 models in terms of predicting all 6 levels of
water quality that the Chinese government recommends. Furthermore, DT, RF, and
DCF found and verified two important water parameter sets (DO, CODMn, and NH3-
N; CODMnN, and NH3-N) as having high specificities for perdition water quality.

R Roy - ESSENCE Int. J. Env. Rehab., 2019 - After air, water is arguably the most
valuable natural resource. even though the earth's surface is mainly made up of
water, and only a small portion of it is useful, making it a scarce resource. This
Therefore, it is necessary to use this limited and important resource carefully.
Water being necessary for several purposes Before using it, its suitability must be
verified. Additionally, water sources need to be watched. regularly to check on their
health to see if they are in good or bad shape. Water bodies are in poor condition.
It is a threat to the ecology in addition to being a sign of environmental degradation.
in the industries Poor water quality can result in dangers and significant financial
loss. Water quality is therefore crucial for both environmental and economic reasons.
Analysis of the water's purity is therefore necessary before using it for any purpose.
After many years of study, there are already certain established techniques for water
quality analysis. There are rules for sample collection, storage, and analysis. Here,
the typical chain of events is briefly outlinedfor the benefit of researchers and

analysts.



Chen, F., et al. — 2017 suggested in this paper, an unigue wireless sensor network-
based approach to monitoring and analysing water quality is presented. Real-time
monitoring and analysis of water quality indicators like temperature, pH, turbidity,
dissolved oxygen, and conductivity are done by the proposed system using a mix of
physical and chemical sensors. ZigBee technology is used to establish the wireless
sensor network, and a web-based graphical user interface is created to make remote
monitoring, data analysis, and alerting easier. Laboratory tests are used to assess

the proposed system's Performa.

Wang, D., et al. — 2017 study describes a wireless sensor network-based integrated
monitoring and analysis system for water quality. A database, an analytical module,
and a wireless sensor network make up the proposed system. Data on water quality,
including conductivity, temperature, pH, turbidity, and dissolved oxygen, are
gathered using a wireless sensor network. A database is then used to store the
gathered data. The data are analysed using the analysis module, which then
visualises the findings. The operator is then alerted when thereare issues with the
water's quality using the results. The proposed system has undergone testing in a
real-world setting, and the outcomes demonstrate that it is able to precisely monitor

and analyse water quality.

T.J. Blom and R.B. Lammers — 2010 in this review paper, upcoming trends in the
subject are discussed along with current methods for analysing water quality.
Techniques for sampling, measurements, hydrological monitoring, and data

processing are among the subjects covered.

S.T. Boulton and G.R. Clausen — 2006 suggested his book offers a thorough
explanation of the procedure for creating and putting monitoring programmes for
water quality into place. It includes subjects like the choice of sampling locations,
sampling techniques, data analysis, and result interpretation.

M.H. Graham and H.G. Elliott — 2002 explained principles and methods of water
guality analysis are discussed in detail in this book. It addresses issues likesampling,

sample preparation, measurements, data processing, and result interpretation



2.1 INFERENCES FROM LITREATURE SURVEY

To perform water analysis, we use a CNN with a spatial transformer layer. The
function of the STN layer is to correct geometric informations, on the identical time
because the convolutional layers is used for mastering a group of characteristic
maps. These characteristic maps are then used as input to the recurrent layers,
which encompass stacked-directional ANN. It takes each body from the
characteristic series generated via manner of approach of the convolutional layers
and offers possibility distribution over the elegance labels. Finally, the layer decodes
aim label series from the set of probabilities computed from all of the frames. In our
experiments, we pre-train the network the use of IlIT-HWS dataset for higher
generalization. Once the model converges on the synthetic dataset, We display it in

visual form.

2.2 OPEN PROBLEMS IN EXISTING SYSTEM

S | Technique Pros Cons
.n
0
Simple form of Problem becomes non-trivial it
Water _ _ _
1 o technique to recognize overlaps such that there is no gap
Prediction _
the water for water detection.
Finds water quality Fails if the property learnt from
Recognition: from data and previous input is not important for
Water Quality enhances the class the current data.
2 | Water Analysis pattern variability.

Needs more time as the
characteristics are needed to be

minutely verified.

ANN Neural Networks give Long time on training the datasets.
o more accuracy and Difficult to understand and
(Artificial
3 more reliability interpret final model.
Neural ) o
Choosing kernel function is not
Networks)

easy.




CHAPTER 3
REQUIREMENT ANALYSIS

3.1 FEASIBILITY STUDIES/RISK ANALYSIS OF THE PROJECT
Feasibility Studies:

Technical feasibility: The project requires knowledge and expertise in
Autoencoders algorithm and Flutter app development. It is important to
assess if the team has the necessary skills and resources to execute the
project successfully.

Economic feasibility: The cost of hardware, software, and personnel must be
taken into account to determine if the project is financially feasible.
Operational feasibility: The project must be assessed to determine if it can be
implemented within the available resources, infrastructure, and technology.
Legal and regulatory feasibility: The project must comply with any relevant
laws, regulations, or standards.

Risk Analysis:

Technical risks: There may be technical challenges in implementing the
Autoencoders algorithm for water quality analysis or in developing the Flutter
application for display. These risks can be mitigated by having a skilled and
experienced team and by conducting thorough testing and validation.

Data quality risks: The accuracy and reliability of water quality data may affect
the effectiveness of the analysis. This can be mitigated by ensuring high-
quality data collection and processing methods.

Security risks: There is a risk of data breaches or unauthorized access to
sensitive water quality data. This can be mitigated by implementing
appropriate security measures and protocols.

Economic risks: There may be unexpected costs associated with the project,
such as hardware or software failures or changes in regulatory requirements.
These risks can be mitigated by conducting regular cost- benefit analyses and

contingency planning.



3.2 SOFTWARE REQUIREMENTS SPECIFICATION DOCUMENT

REQUIREMENT

SPECIFICATION

Anaconda Navigator

You must have anaconda installed in

your device prior to begin.

Spyder, Jupyter Notebook, Flask

Framework

1. One should have Spyder and
Jupyter notebook.

2. One should install flask framework
through anaconda prompt for running
their web application

3. We need to build the model using
Jupyter notebook with all the imported

packages.

Web browser

For all Web browsers, the following
must be
Enabled:

cookies

JavaScript

VS code

VS Code for Coding Operations

Flutter SDK

One should have installed flutter SDK
to deploy model.

Dart SDK

One should have installed Dart SDK to
deploy model.




3.3 HARDWARE REQUIREMENTS SPECIFICATION DOCUMENT

REQUIREMENT

SPECIFICATIONS

Operating system

Microsoft Windows

UNIX
Linux®

Processing Minimum: 4 CPU cores for
one user. For each
deployment, a sizing

exercise is highly

recommended.
RAM Minimum 8 GB.
Operating system File descriptor limit set to
specifications 8192 on UNIX and Linux
Disk space A minimum of 7 GB of free

space is required to install
the software.

3.4 TECHNOLOGIES USED

3.4.1 Flask

Flask is a popular web application framework for Python, widely used for developing
web applications, APIs, and web services. It was first released in 2010 and since
then, it has gained a lot of popularity due to its simplicity, flexibility, and scalability.
Flask provides developers with a lightweight, yet powerful, framework for building
web applications that can be used for a wide range of purposes.

Flask Server

A Flask server is a server that uses the Flask framework to handle HTTP requests
and responses. Flask provides developers with a simple and elegant way tohandle
incoming requests and return responses to clients.

The Flask server works by creating a Flask application object that represents the
web application. This application object is responsible for handling incoming
requests, processing them, and returning responses to clients. The Flask application

object is responsible for the configuration of the web application.




The Flask server can handle a variety of requests, including GET requests, POST
requests, PUT requests, and DELETE requests. It can also handle requests with
guery parameters, form data, and JSON data. The Flask server uses routes to
handle incoming requests. A route is a URL pattern that the Flask server matches
against incoming requests to determine which function should handle the request.
The Flask server uses the Flask routing system to define routes and bind them to
functions that will handle the requests.

Flask Features

e Flask provides developers with a wide range of features that make it a popular
choice for building web applications. Some of the key features of Flask
include:

e Lightweight and Flexible: Flask is a lightweight and flexible framework that
allows developers to create web applications quickly and easily. Flask is also
highly customizable, which makes it an ideal choice for developers whowant
to create web applications that are tailored to their specific needs.

e Integrated Development Server: Flask comes with a built-in development
server that allows developers to test their web applications locally before
deploying them to a production environment.

The Flask server works by creating a Flask application object that represents the
web application. This application object is responsible for handling incoming
requests, processing them, and returning responses to clients. The Flask server
uses routes to handle incoming requests, and it can handle a variety of requests,
including GET requests, POST requests, PUT requests, and DELETE requests.

Overall, Flask is an excellent choice for developers who want to build web
applications quickly and easily. Its simplicity, flexibility, and scalability make it a

popular choice among developers.

3.4.2 Flutter

Flutter is an open-source mobile application development framework created by
Google in 2017. It has rapidly gained popularity among developers due to its fast
development cycles, high-performance capabilities, and ease of use. Flutter is based
on the Dart programming language and provides a rich set of pre-built widgets that
make it easy to create beautiful and responsive user interfaces.

Flutter is a mobile application development framework that allows developers to



create high-performance, natively compiled applications for mobile, web, and
desktop from a single codebase. With Flutter, developers can write once and
deploy to multiple platforms, including iOS, Android, Windows, macOS, and Linux.
Flutter is built on top of the Dart programming language, which was also created
by Google. Dart is an object-oriented language that is easy to learn and use. It was
designed with the goal of being a client-optimized language for fast applications on
any platform.

Flutter has become a popular choice among developers due to several factors.
Here are some of the key reasons why Flutter has become so popular:

e Fast Development Cycles: Flutter provides a fast development cycle that
allows developers to create and deploy mobile applications quickly. The hot
reload feature in Flutter allows developers to see the results of their code
changes in real-time, which speeds up the development process.

e Cross-Platform Development: Flutter allows developers to write once and
deploy to multiple platforms, which saves time and resources. This feature
also helps ensure that the user experience is consistent across all platforms.

e Pre-Built Widgets: Flutter provides a rich set of pre-built widgets that make it
easy to create beautiful and responsive user interfaces. This helps
developers save time and ensures that their applications have a polished look
and feel.

Flutter Features

Flutter provides developers with a rich set of features that make it an attractive
choice for developing mobile applications. Here are some of the key features of
Flutter:

e Hot Reload: The hot reload feature in Flutter allows developers to see the
results of their code changes in real-time. This feature speeds up the
development process and allows developers to quickly iterate on their code.

e Widgets: Flutter provides a rich set of pre-built widgets that make it easy to
create beautiful and responsive user interfaces. Widgets can be customized
to match the look and feel of the application.

e Dart Language: Flutter is built on top of the Dart programming language,
which is easy to learn and use. Dart is also optimized for fast applications

on any platform.

10



e Reactive Programming Model: Flutter provides a reactive programming
model that helps ensure that the user interface remains responsive even
when the application is performing complex operations.

Get Started with Flutter
Getting started with Flutter is relatively easy. Here are the steps to follow:

e Install Flutter: The first step is to install Flutter on your system. You can
download the latest version of Flutter from the official website.

e Set up Your Environment: After installing Flutter, you need to set up your
environment. This involves setting up the necessary tools and dependencies
for building and running Flutter applications.

e Create Your First Flutter Project: Once your environment is set up, you can
create your first Flutter project. You can do this using the Flutter command-
line interface or an integrated development environment (IDE) like Android
Studio or Visual Studio Code.

e Run Your Flutter Project: After creating your project, you can run it on a
simulator or a physical device. Flutter provides a range of tools for testing and
debugging mobile applications.

Flutter is a powerful mobile application development framework that allows
developers to create high-performance, natively compiled applications for mobile,
web, and desktop from a single codebase. Flutter provides a range of features like
hot reload, pre-built widgets, access to native features, and a reactive programming
model that makes it easy for developers to create beautiful and responsive user
interfaces. Flutter also provides a range of tools and libraries that can be used to
optimize the performance of mobile applications. With its growing community and
support for cross-platform development, Flutter is an attractive choice for developers

who want to build robust and scalable mobile applications.

3.4.3 Firebase

Firebase is a mobile and web application development platform that provides a wide
range of tools and services to developers. It was initially founded in 2011 as asmall
startup but was later acquired by Google in 2014. Since then, Firebase has become
an essential platform for developers looking to build mobile and web applications
quickly and easily. Firebase provides a variety of services that can be used
individually or combined to create powerful and scalable applications. These

11



services include:

Realtime Database: Firebase Realtime Database is a cloud-hosted NoSQL
database that allows developers to store and sync data in real-time. This
means that data changes made by one user are immediately visible to all
other users who are connected to the database. Realtime Database is built
on top of Google Cloud Platform and provides features like offline support,
automatic synchronization, and scalability.

Cloud Firestore: Cloud Firestore is another cloud-hosted NoSQL database
that is part of the Firebase platform. It is designed to provide a morepowerful
and flexible data model than Realtime Database. Cloud Firestore offers
features like real-time synchronization, automatic scaling, offline support, and
strong consistency. It also provides powerful querying capabilities, which
allow developers to retrieve data based on complexqueries.

Authentication: Firebase Authentication provides a simple way for developers
to add user authentication to their applications. It supports various
authentication providers, including email/password, phone number, Google,
Facebook, Twitter, and others. Firebase Authentication also provides
features like email verification, password reset, and two-factorauthentication.
Cloud Functions: Firebase Cloud Functions allows developers to run server-
side code in response to events. This means that developers can write
JavaScript functions that are triggered by events like database changes, user
authentication, or HTTP requests. Cloud Functions can be used to implement
complex business logic, handle notifications, or integrate with third-party
services.

Cloud Storage: Firebase Cloud Storage provides a simple way for developers
to store and serve user-generated content, such as images, videos, and audio
files. It offers features like file uploads, downloads, metadata management,
and security rules. Cloud Storage is built on top of Google Cloud Storage and
provides scalability and high availability.

Hosting: Firebase Hosting allows developers to host their web applications
on Google's infrastructure. It provides features like custom domains, SSL

certificates, automatic scaling, and CDN integration. Firebase Hosting also

12



supports single-page applications, which allow developers to create fast and
responsive web applications.

e Performance Monitoring: Firebase Performance Monitoring provides insights
into the performance of mobile and web applications. It tracks key metrics like
app startup time, network latency, and frame rate. Performance Monitoring
also provides detailed reports and alerts, which allow developersto identify
and fix performance issues.

e Crashlytics: Firebase Crashlytics provides real-time crash reporting for
mobile applications. It tracks crashes and errors and provides detailed
reports, which allow developers to quickly diagnose and fix issues.
Crashlytics also provides a range of tools for managing and analyzing
crashes, including issue tracking, user segmentation, and impact analysis.

e Test Lab: Firebase Test Lab provides a cloud-based infrastructure for testing
mobile applications. It allows developers to run automated tests on awide
range of devices and configurations, including real devices and emulators.
Test Lab provides features like test recording, test monitoring, and test
distribution.

Firebase is a powerful and flexible platform that offers a wide range of services for
mobile and web application development. It is designed to help developers build
high-quality applications quickly and easily, without worrying about infrastructure or
backend code. Firebase is also fully integrated with other Google Cloud Platform
services, which allows developers to take advantage of Google's powerful
infrastructure and services.

One of the main advantages of Firebase is its ease of use. Firebase provides a
simple and intuitive user interface, which makes it easy for developers to set up and
manage their applications.

Firebase Storage

Firebase Storage is a cloud storage solution provided by Google that allows
developers to store and serve user-generated content, such as images, videos, and
audio files, in their applications. Firebase Storage provides developers with a simple
and secure way to store and retrieve files, as well as the ability to easily share them
with others. In this article, we will explore the features and benefits of Firebase
Storage applications.

e Secure: Firebase Storage is a secure cloud storage solution that provides

13



secure access to your files. Firebase Storage uses Google Cloud Storage,
which provides robust security features, such as encryption at rest and in
transit, access controls, and security logging.

e Scalable: Firebase Storage is designed to be scalable and can handle large
volumes of files with ease. As your application grows, Firebase Storage will
automatically scale to meet the demands of your application.

e Simple API: Firebase Storage provides a simple API that allows developers
to easily upload, download, and manage files in their applications. The API
is available for a wide range of programming languages, including Android,
iOS, JavaScript, and Node.js.

Benefits of Firebase Storage

e Fast and Reliable: Firebase Storage is built on top of Google Cloud Storage,
which provides fast and reliable storage and access to your files. This
ensures that your application can retrieve files quickly and reliably,even
when dealing with large volumes of data.

e Low Cost: Firebase Storage offers competitive pricing for storing and serving
files. The pricing model is based on the amount of data stored and
transferred, making it an affordable solution for applications of any size.

e Easy to use: Firebase Storage provides a simple and intuitive user interface
that makes it easy for developers to upload, download, and manage files in
their applications. The API is also straightforward, making it easy for

developers to integrate Firebase Storage into their applications.

3.4.4 Emulator
An emulator is a program or device that mimics the hardware and software of
another system. In computing, an emulator is often used to test software, run legacy
applications, or simulate different operating systems on a single machine. Emulators
are popular tools among developers, gamers, and hobbyists who wantto explore
and experiment with different platforms and software.
Types of Emulators
There are many types of emulators available, and they can be classified into two
broad categories: hardware emulators and software emulators.

e Hardware Emulators: Hardware emulators mimic the behavior of hardware

devices such as microcontrollers, processors, and memory systems. These

14



emulators are used by hardware designers to simulate and test their designs
before they are manufactured. Examples of hardware emulators include
FPGA boards, logic analyzers, and in-circuit emulators.

Software Emulators: Software emulators emulate the behavior of software
systems such as operating systems, gaming consoles, and mobile devices.
These emulators are used by developers to test their software on different
platforms and environments. Examples of software emulators include virtual

machines, game console emulators, and mobile device emulators.

Benefits of Emulators

Platform Independence: Emulators allow software to run on different
platforms and environments without modification. This allows developers to
test their software on multiple systems without the need to invest in multiple
hardware platforms.

Cost Effective: Emulators are often less expensive than physical hardware
platforms, making them an attractive option for developers and hobbyists who
want to experiment with different systems.

Flexibility: Emulators can be customized to meet specific requirements,
allowing developers to test their software in different environments and
configurations. This flexibility can be especially useful for testing complex

software systems.

Using Emulators

To use an emulator, you need to download and install the software on your
system. Once installed, you can configure the emulator to emulate a specific
system or hardware device. You can then run software on the emulator, test
it, and debug it as required.

Select an Emulator: There are many emulators available for different systems
and environments. You need to select an emulator that meets your
requirements and is compatible with your system.

Download and Install: Once you have selected an emulator, you need to
download and install it on your system. Most emulators come with installation
instructions, which you should follow carefully.

Configure the Emulator: Once the emulator is installed, you need to configure

it to emulate the system or hardware device you want to use. This
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may involve configuring the emulator's settings, selecting a ROM image, or
specifying other parameters.

Run Software: Once the emulator is configured, you can run software on it.
This may involve loading a game ROM, launching an operating system, or
running an application.

Test and Debug: Once the software is running, you can test it and debug it
as required. Emulators often provide debugging tools and features, such as
breakpoints, memory viewers, and CPU monitors, which can help you identify

and fix bugs in your software.

3.4.5 Python
Python is a high-level, interpreted programming language that was created by Guido

van Rossum and first released in 1991. Since then, it has become one ofthe most

popular programming languages in the world, known for its simplicity, readability,

and versatility. Python can be used for a wide range of applications, including web

development, scientific computing, data analysis, machine learning, and more.

Features of Python

Python has a number of features that make it a popular choice among developers:

Easy to Learn: Python has a simple syntax and is easy to learn, making it
an ideal language for beginners.

Large Standard Library: Python comes with a large standard library that
includes modules for a wide range of tasks, from basic file 1/0 to advanced
networking and web development.

Cross-Platform: Python code can be run on a wide range of platforms,
including Windows, macOS, Linux, and more.

Object-Oriented: Python is an object-oriented language, allowingdevelopers
to create reusable code in the form of classes and objects.

Applications of Python

Python is a versatile language that can be used for a wide range of applications.

Some of the most common applications of Python include:

Web Development: Python is used to build web applications using popular

frameworks such as Django and Flask.

16



Scientific Computing: Python is widely used in scientific computing for tasks
such as data analysis, visualization, and simulation.

Machine Learning: Python is a popular language for machine learning and
artificial intelligence, with frameworks such as TensorFlow and PyTorch used
for building and training neural networks.

Automation: Python is commonly used for automation tasks, such as web
scraping, data processing, and system administration.

Tools and Libraries

Python has a vast ecosystem of tools and libraries that make it easier to develop

and deploy applications. Some of the most popular tools and libraries include:

NumPy: NumPy is a library for scientific computing with Python, providing
support for arrays, matrices, and other numerical operations.

Pandas: Pandas is a library for data analysis and manipulation, allowing
developers to work with tabular data.

Matplotlib: Matplotlib is a library for creating visualizations in Python,
allowing developers to create charts, graphs, and other types of plots.
Django: Django is a popular web development framework for Python,
providing tools for building robust and scalable web applications.

Flask: Flask is a lightweight web framework for Python, designed for
building smaller-scale web applications.

PyCharm: PyCharm is a popular Python IDE that provides a range of tools
for code editing, debugging, and testing.

3.4.6 Dart
Dart is a client-optimized programming language developed by Google in 2011. Dart

is designed to be used for developing high-performance applications, such as web,

mobile, and desktop applications. Dart is an object-oriented language with a syntax

similar to C-style languages. The language is statically typed, which means that

variable types are determined at compile-time, making it more efficient for the

compiler to optimize code.

Features of Dart

Dart has a number of features that make it a popular choice among developers:

Cross-Platform: Dart is a cross-platform language, which means that code
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written in Dart can be used on different platforms, such as web, mobile, and
desktop.

Fast Execution: Dart code can be compiled ahead-of-time to native code,
which makes it faster to execute than other scripting languages.

Optional Typing: Dart supports both static and dynamic typing, giving
developers the option to choose the best approach for their project.

Applications of Dart

Dart is a versatile language that can be used for a wide range of applications. Some

of the most common applications of Dart include:

Web Development: Dart is used for developing web applications using the
Flutter framework. Flutter allows developers to build high-performance web
applications that can run on desktop and mobile devices.
Mobile Development: Dart is used for developing mobile applications using
the Flutter framework. Flutter allows developers to build cross-platform
mobile applications that can run on both Android and iOS.

Tools and Libraries

Dart has a growing ecosystem of tools and libraries that make it easier to develop

and deploy applications. Some of the most popular tools and libraries include:

Flutter: Flutter is a Ul toolkit for building high-performance, natively
compiled applications for mobile, web, and desktop using Dart.

Angular Dart: Angular Dart is a web framework that provides tools for
building dynamic, single-page web applications using Dart.

Dart Pad: Dart Pad is an online tool that allows developers to write, compile,

and run Dart code in the browser.

3.4.7 Machine Learning

Machine learning (ML) is a branch of artificial intelligence that involves the

development of algorithms and models that enable computer systems to learn and

improve from experience without being explicitly programmed. ML algorithms can

be trained on large datasets to identify patterns and relationships within the data,

allowing them to make predictions and decisions based on new input data.

ML has seen significant growth and adoption in recent years due to the availability

of large amounts of data and advancements in computing power. The technology
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is now used across various industries, including healthcare, finance, transportation,

and entertainment, among others.

Types of Machine Learning

There are three main types of machine learning: supervised learning, unsupervised

learning, and reinforcement learning.

Supervised Learning: In supervised learning, the algorithm is trained on
labeled data, where the correct outputs are already known. The algorithm
uses this labeled data to learn the relationship between the inputs and
outputs, and it can then make predictions on new, unlabeled data. For
example, a supervised learning algorithm can be trained to recognize
different types of animals based on labeled images of each animal.
Unsupervised Learning: In unsupervised learning, the algorithm is trained
on unlabeled data, where the correct outputs are not known. The algorithm
learns to identify patterns and relationships within the data without any
guidance or supervision. For example, an unsupervised learning algorithm
can be trained on customer purchasing data to identify groups of customers
with similar buying habits.

Reinforcement Learning: In reinforcement learning, the algorithm learns by
trial and error through interaction with its environment. The algorithm receives
feedback in the form of rewards or penalties based on its actions, and it learns
to make decisions that maximize its rewards over time. For example, a
reinforcement learning algorithm can be trained to play a video game by

learning from the rewards and penalties it receives based on its actions.

Applications of Machine Learning

Machine learning has many practical applications across various industries. Here

are a few examples:

Healthcare: Machine learning algorithms can be used to analyze patient data
and predict disease outcomes, identify potential drug interactions, and
improve medical image analysis.
Finance: Machine learning algorithms can be used for fraud detection, credit
scoring, and investment analysis.
Transportation: Machine learning algorithms can be used for autonomous

driving, traffic prediction, and logistics optimization.
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o Entertainment: Machine learning algorithms can be used for personalized

recommendations, content moderation, and virtual assistants.
Challenges of Machine Learning
While machine learning has seen significant advancements and adoption, there are
still several challenges to overcome.

o Data Quality: Machine learning algorithms require large amounts of high-
quality data to be trained effectively. However, data quality can vary widely,
and it can be challenging to obtain and prepare large amounts of data for
analysis.

o Model Interpretability: Machine learning models can be complex and difficult
to interpret. Understanding how a model makes decisions can be crucial in
certain applications, such as healthcare, where the decisions made by a
model can have significant consequences.

« Bias and Fairness: Machine learning models can be biased if the training data
is not representative of the population being analyzed. This can resultin
unfair or discriminatory decisions made by the model.

Machine learning is a powerful technology that has the potential to transform various
industries. With advancements in computing power and data availability, machine
learning algorithms are becoming increasingly sophisticated and accurate.
However, there are still several challenges to overcome, such as data quality, model
interpretability, and bias and fairness. As machine learning continues to evolve and
improve, it will be crucial to address these challenges to ensure that the technology

is used ethically and responsibly.

3.4.8 Deep Learning

Deep Learning (DL) is a subset of machine learning (ML) that uses artificial neural
networks to model and solve complex problems. DL has been used to achieve
remarkable results in various fields such as image and speech recognition, natural
language processing, and even in playing games such as chess and Go.

DL algorithms are based on artificial neural networks that consist of layers of
interconnected nodes, or artificial neurons. Each node in a neural network receives
input from the nodes in the previous layer, applies a mathematical function to this
input, and then passes the output to the nodes in the next layer. The weights and

biases of the nodes are updated iteratively during the training process until the
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network can accurately predict the desired output.

One of the key advantages of DL is its ability to learn and extract features from raw
data. In traditional machine learning algorithms, the features need to be manually
extracted from the data, which can be a time-consuming and difficult task. In
contrast, DL algorithms can automatically learn relevant features from the raw
data, allowing them to be more efficient and accurate.

DL has been used extensively in image and speech recognition. Convolutional
Neural Networks (CNNs) are a type of neural network that can be used to analyze
visual imagery. CNNs consist of multiple convolutional layers, which apply filters to
the input image to extract relevant features. These features are then passedthrough
fully connected layers to generate the final output. CNNs have been used for a
variety of image recognition tasks such as object detection, facial recognition, and
even in medical imaging for disease diagnosis.

Recurrent Neural Networks (RNNs) are a type of neural network that can be used
for speech recognition and natural language processing tasks. RNNs have amemory
component that allows them to remember the previous inputs and use this
information to generate the output. This makes them well-suited for tasks such as
language translation, sentiment analysis, and speech recognition.

DL has also been used in game-playing Al. In 1997, Deep Blue, an Al system
developed by IBM, defeated world chess champion Garry Kasparov. More recently,
AlphaGo, an Al system developed by Google, defeated the world champion in the
game of Go. These achievements were made possible by the use of DL algorithms
that were able to learn from large amounts of game data to improve their gameplay.
DL has also been applied to a variety of other fields such as robotics, finance, and
even in predicting earthquakes. DL algorithms have the potential to revolutionize
these industries by providing more accurate and efficient solutions to complex
problems.

One of the challenges of DL is the need for large amounts of labeled data. DL
algorithms require large amounts of data to be trained effectively, and this data must
be labeled to indicate the correct output. Labeling data can be a time-consuming
and expensive process, and in some cases, it may not be possible to obtain enough
labeled data to train an effective DL model.

Another challenge is the need for significant computational power. DL algorithms
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require significant amounts of computational power to train and run effectively.
This can be a limiting factor for some organizations that may not have access to
the necessary hardware.

DL is a powerful subset of machine learning that has the potential to revolutionize
a wide range of industries. DL algorithms are capable of learning and extracting
relevant features from raw data, making them more efficient and accurate than
traditional machine learning algorithms. DL has been used extensively in image and
speech recognition, game-playing Al, and other fields. However, DL also has some
challenges, such as the need for large amounts of labeled data and significant
computational power. Despite these challenges, DL remains apromising field with

the potential to solve some of the world's most complexproblems.

3.5 System Use Case
The water quality analysis system using autoencoders algorithm and FUI color scale
has several use cases:

e Water quality monitoring: the system can be used to monitor the quality of
water in a particular region such as rivers, lakes, and other water bodies. This
can be done by collecting data from sensors that measure various parameters
of water quality such as temperature, ph, dissolved oxygen, andconductivity.

e Early warning system: the system can be used to detect any abnormal
changes in water quality parameters and alert authorities to take preventive
action. This can be particularly useful in cases of pollution or natural disasters.

e Research and development: the system can be used in research and
development of new water treatment technologies by providing a
comprehensive understanding of water quality parameters.

e Public awareness: the system can be used to raise public awareness about
water quality issues by displaying real-time data on a user-friendly mobile
application.

Overall, the system can provide valuable insights into water quality and help in the

conservation and protection of water resources.
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CHAPTER 4

DESCRIPTION OF PROPOSED SYSTEM

4.1 METHODOLOGY OF THE PROJECT

Water is one of the most precious resources on the planet, and its quality is critical
to human health and the environment. However, the quality of water can be
compromised by various factors such as pollution, natural disasters, and climate
change. Therefore, it is essential to have efficient methods to analyze the quality of
water and identify any potential risks.

The proposed system for water quality analysis using autoencoders and the FUI
color scale aims to provide a quick and inexpensive way to assess water quality.
The system leverages the power of autoencoders, a type of neural network, to
extract meaningful features from the FUI color values, allowing for more accurate
and precise analysis of water quality.

Autoencoders are a type of neural network that can be used for unsupervised
learning. In unsupervised learning, the network is not given explicit input-output pairs
to learn from. Instead, it learns to find patterns in the input data by trying to
reconstruct the input from a compressed representation of the data. This
compressed representation is known as a latent space.

The autoencoder consists of two parts: an encoder and a decoder. The encoder
takes the input data and compresses it into a latent space representation. The
decoder takes this latent space representation and reconstructs the original input
data. The autoencoder is trained by minimizing the difference between the input data
and the reconstructed data.

In the proposed system, the input data to the autoencoder is the FUI color values
of the water samples. The FUI color scale is a standardized system for measuring
the color of water. It is a visual scale that ranges from 1 to 21, with 1 representing
the purest water and 21 representing the most turbid water. The FUI color scale is
widely used in water quality analysis because it is simple, inexpensive, and provides
a quick and easy way to assess water quality.

To train the autoencoder, a dataset of water samples with their corresponding FUI
color values is required. The dataset can be collected by taking water samples
from various sources, such as rivers, lakes, and groundwater. The FUI colorvalues

of the water samples can be measured using a standard FUI color chart.
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Once the autoencoder is trained, it can be used to encode the FUI color values of
new water samples into the same latent space. The latent space representations
of the water samples can then be analyzed to identify patterns and anomalies inthe
water quality.

One potential application of the proposed system is in detecting changes in water
quality over time. By analyzing the latent space representations of water samples
collected at different times, it may be possible to detect changes in water quality due
to pollution, natural disasters, or other factors. This can help in the early detection of
water quality issues and allow for timely intervention to protect human health and
the environment.

Another potential application of the proposed system is in identifying sources of
water pollution. By analyzing the latent space representations of water samples
collected from different sources, it may be possible to identify the source of water
pollution. This can help in identifying polluters and enforcing environmental
regulations.

In the proposed system for water quality analysis using autoencoders and the FUI
color scale has the potential to provide a quick and inexpensive way to assess water
quality. By leveraging the power of autoencoders, the system can extract meaningful
features from the FUI color values, allowing for more accurate and precise analysis
of water quality. The FUI color scale is also widely used, making iteasy to collect
data and compare results across different sources of water. Additionally, the system
can be used for both detecting changes in water quality over time and identifying
sources of water pollution, making it a valuable tool for environmental monitoring
and management.

However, like any system, there are potential limitations and challenges to
implementing this proposed system. One potential limitation is the availability and
quality of the FUI color chart used to measure the FUI color values of the water
samples. Inaccurate or inconsistent measurements can lead to incorrect or
unreliable results. Therefore, it is important to ensure the FUI color chart is calibrated
and standardized before use.

Another potential limitation is the need for a large and diverse dataset to train the
autoencoder effectively. Collecting and curating such a dataset can be time-
consuming and resource-intensive. Furthermore, the accuracy of the subjectivity of

the FUI color scale. For example, different observers may interpret the FUI color
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values differently, leading to variations in the measurements.

Despite these limitations, the proposed system for water quality analysis using
autoencoders and the FUI color scale shows promise for providing a quick and
inexpensive way to assess water quality. With further development and refinement,
this system has the potential to become a valuable tool for environmental monitoring
and management, helping to protect human health and the environment by

identifying and addressing potential risks to water quality.

The proposed system aims to analyze the quality of water using autoencoders and
the FUI (Forel-Ule) color scale. Autoencoders are a type of neural network that can
be used for unsupervised learning and can learn to encode data into a lower-
dimensional representation, known as a latent space. This latent space can then
be used to reconstruct the original data, allowing for data compression and
denoising.
The FUI color scale is a standardized system for measuring the color of water. It is
a visual scale that ranges from 1 to 21, with 1 representing the purest water and 21
representing the most turbid water. The FUI color scale is widely used in water
guality analysis because it is simple, inexpensive, and provides a quick and easy
way to assess water quality.
The proposed system will work as follows:
o Water samples will be collected from various sources, such as rivers, lakes,
and groundwater.
e The FUI color scale will be used to measure the color of each water sample.
The color values will be recorded and used as input data for the autoencoder.
e The autoencoder will be trained on the input data, learning to encode the FUI
color values into a lower-dimensional latent space.
e The trained autoencoder will then be used to encode the FUI color values of
new water samples into the same latent space.
e The latent space representations of the water samples will be analyzed to
identify patterns and anomalies in the water quality.
e The system will output a water quality score based on the analysis of the
latent space representations.

The proposed system has several potential benefits. By using autoencoders, the
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system can learn to extract meaningful features from the FUI color values, allowing
for more accurate and precise analysis of water quality. The FUI color scale is also
widely used, making it easy to collect data and compare results across different
sources of water. Overall, the proposed system has the potential to provide a quick
and inexpensive way to assess water quality, which can have significant implications
for public health and environmental monitoring.

To carry out water analysis, we use a CNN with a spatial transformer layer. The
function of the STN layer is to correct geometric informations, on the identical time
because the convolutional layers is used for mastering a group of characteristic
maps. These characteristic maps are then used as input to the recurrent layers,
which encompass stacked-directional ANN. It takes each body from the
characteristic series generated via manner of approach of the convolutional layers
and offers possibility distribution over the elegance labels. Finally, the layer decodes
aim label series from the set of probabilities computed from all of the frames. In our
experiments, we pre-train the network the use of IlIT-HWS dataset for higher
generalization. Once the model converges on the synthetic dataset, We display it in
visual form.

Ocean color satellite sensors are perfectly capable of determining the color of natural
waters even if they can only detect optical radiation in a small number of narrow
spectral bands. Color is a feeling that results from how the human eye interprets
electromagnetic energy with wavelengths between 380 and 720 nm. Thescience of
how humans perceive color has been extensively researched since the turn of the
20th century [2,3]. Since then, the growth of color printing, color screens(televisions,
computer monitors, tablets), digital cameras, and smartphones has shown how

crucial color has become in societal communication.
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4.2 ARCHITECTURE / OVERALL DESIGN OF PROPOSED SYSTEM
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Fig 4.2.1: System Architecture for Water Quality

The block diagram of the proposed system has been shown in the above figures.
The satellite image is gone into preprocessing, then went into deep learningmodel.
Then sent into Flask (API) to correct geometric transformations. while the
convolutional layers is used for learning a sequence of feature maps. Thesefeature
maps are then used as input to the recurrent layers, which consist of water quality

and object detection model.

The system architecture for water quality using ML with autoencoders and FUI scale
involves several components:

e Data Collection: The system collects water quality data from various sources,
such as sensors, manual readings, and historical records. Thisdata
includes parameters such as pH, temperature, dissolved oxygen, turbidity,
conductivity, and FUI.

e Data Preprocessing: The raw data is preprocessed to remove noise,
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outliers, and missing values. It is then normalized to a common scale to
ensure that all parameters have equal importance.

e Autoencoder Training: The preprocessed data is used to train an
autoencoder, a type of neural network that learns to compress the data into
a lower-dimensional representation. The autoencoder is trained to minimize
the reconstruction error between the original and reconstructed data.

e Anomaly Detection: The trained autoencoder is used to detect anomalies in
the water quality data. Anomalies are instances where the data deviates
significantly from the norm, indicating a potential issue with the water quality.

e FUI Scale Integration: The FUI scale is integrated into the system to provide
additional context for the water quality data. The FUI scale measures the
fouling and scaling potential of the water, which can affect the efficiency of
industrial processes that use water.

¢ Visualization and Reporting: The system generates visualizations and reports
to help users understand the water quality data and any anomalies detected.
This information can be used to identify potential issues with the water quality
and take corrective actions as needed.

Overall, the system architecture for water quality using ML with autoencoders and
FUI scale involves collecting and preprocessing water quality data, training an
autoencoder for anomaly detection, integrating the FUI scale, and generating

visualizations and reports for users.
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Fig 4.2.2: Architecture of Working Intercept Model
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The architecture of the proposed system has been shown in the above figures.
The satellite image is gone into preprocessing cropped Satellite graph, then went
into deep learning model and gets converted to the image. Then sent into Artificial
Neural Networks (ANN) and Tests the Image into multiple pixels and forms data

frame and sends the images to the Ul Application to display to the user/client.

4.2.1 FUI Color Remote Sensing Derivation

The distant sensing reflectance or water-leaving radiance is first cleaned of surface-
reflected glint. The 20-Color Matching Functions are used to obtain values by
converting the relevant ocean color remote sensing product spectrum into color.
These values correspond to the primary colors red, green, and blue. The obtained
values are then matched to the FUI scale's 21 discrete numbers and displayed on
a diagram. Numerous previous articles give a detailed explanation of the method
as well as background information on the FUI.

FUI Scale

In a simplified overview of a portable scale in the field, the CPAs that contribute to
the observed colors and path of sunlight are presented. Surface-reflected glitter
should be avoided by turning the user's back to the sun and, if possible, standing

in the shade to decrease environmental contamination of the observations.
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Fig 4.2.3: FUI Color Scale Panel
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Fig 4.2.4: Mask and Threshold Images

4.2.2 Mask and Threshold Imaging

The proposed system for water quality analysis using autoencoders and the FUI
color scale generates mask and threshold images as a means of visualizing the
results of the analysis. The mask and threshold images are generated from the
latent space representations of the water samples obtained from the autoencoder.
The mask image is a binary image that highlights areas of the water sample that
are likely to be contaminated or have poor water quality. The mask image is
generated by thresholding the latent space representations of the water samples.
A threshold value is selected such that values below the threshold are considered
to be contaminated or of poor quality, while values above the threshold are
considered to be clean or of good quality. The threshold value can be adjusted

based on the desired sensitivity and specificity of the analysis.

The threshold image is a grayscale image that shows the degree of contamination
or water quality for each pixel in the water sample. The threshold image is generated
by mapping the latent space representations of the water samples to grayscale
values. The grayscale values range from O (representing clean or good quality water)
to 255 (representing contaminated or poor-quality water). Both the mask and
threshold images provide a visual representation of the results of the water quality

analysis. The mask image highlights areas of the water sample that
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are likely to be contaminated or have poor water quality, making it easy to identify
potential problem areas. The threshold image provides a more detailed view of the
degree of contamination or water quality for each pixel in the water sample,making

it possible to identify specific areas or sources of contamination.

However, it is important to note that the accuracy of the mask and threshold images
depends on the accuracy and reliability of the autoencoder and FUI color scale.
Inaccurate or inconsistent measurements can lead to incorrect or unreliable results.
Therefore, it is important to ensure the autoencoder and FUI color scale are
calibrated and standardized before use. In addition, the mask and threshold images
are only as good as the features that the autoencoder extracts from theFUI color
values. Therefore, it is important to carefully select and design thearchitecture of the
autoencoder to ensure it is capable of extracting meaningful andrelevant features
for water quality analysis.

Despite these limitations, the mask and threshold images generated from the
proposed system for water quality analysis using autoencoders and the FUI color
scale have the potential to provide a quick and easy way to assess water quality. By
providing a visual representation of the results, the mask and threshold images make
it easy to identify potential problem areas and sources of contamination, allowing for

timely intervention to protect human health and the environment.

4.2.3 Flutter Application:
An application using Flutter for the water quality model with ML usingautoencoders
and FUI scale could have the following components:

e User Interface: The application would have a user-friendly interface that
allows users to view and interact with the water quality data. Users could view
visualizations of the data, such as charts and graphs, and input parameters
for the autoencoder and FUI scale.

e Data Collection: The application would collect water quality data from various
sources, such as sensors or manual readings, and preprocess the data to
remove noise, outliers, and missing values.

e Autoencoder Integration: The application would integrate the preprocessed
data with the trained autoencoder to detect anomalies in the water quality
data. The results of the anomaly detection would be displayed to the user.
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FUI Scale Integration: The FUI scale would be integrated into the application
to provide additional context for the water quality data. The application would
calculate the FUI scale based on the water quality parameters and display
the results to the user.

Reporting and Notifications: The application would generate reports and
notifications to alert users of any anomalies detected in the water quality data.
Users could set thresholds for the anomalies, and the application would notify
them if the threshold is exceeded.

Cloud Integration: The application could also integrate with cloud-based
services to store and analyze the water quality data. Users could access the

data from anywhere and share it with others as needed.

4.3 PROJECT MANAGEMENT PLAN

1.

Project Objective and Scope: The objective of this project is to develop a
software solution that utilizes autoencoders algorithm to analyze water quality
data and create FUI color scales based on the analysis results. The project
scope includes developing a Flutter application that displays the FUI color
scales to provide an intuitive representation of water quality.
Project Deliverables: The key deliverables of this project include:

o A software solution that utilizes autoencoders algorithm to analyze

water quality data

e FUI color scales based on the analysis results

o A Flutter application that displays the FUI color scales
Project Timeline: The project timeline is as follows:

« Requirements gathering and analysis: 2 week

« Design and development of autoencoders algorithm: 3 weeks

o Development of FUI color scales: 1 week

« Development of Flutter application: 5 weeks

« Testing and quality assurance: 2 weeks

e Deployment and support: Completed

4. Resource Allocation: The project team will include:

« Project Manager
« Data Scientist
« UI/UX Designer
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e Flutter Developer
o Quality Assurance Specialist
5. Risk Management: Potential risks to the project include:

« Data quality issues

o Technical issues with the autoencoders algorithm

o Delays in development due to unforeseen circumstances
To mitigate these risks, the team will conduct regular testing and quality assurance,
maintain open lines of communication, and identify and address potential issues
early in the project.

6. Communication Plan: The project team will communicate regularly via status
updates, meetings, and progress reports. The project manager will be
responsible for ensuring that all stakeholders are informed of progress and
updates throughout the project.

7. Quality Management: The team will follow a quality management process that
includes regular testing, peer reviews, and customer feedback to ensure that
the project's deliverables meet or exceed stakeholder expectations.

8. Project Budget: The project budget includes costs associated withpersonnel,
equipment, materials, and other expenses.

9. Project Closure: The project closure plan includes the handover of
deliverables to stakeholders, final project report, and ongoing support and
maintenance of the software solution.

10.This is a high-level plan and additional details may need to be added

depending on the specific requirements of the project.
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CHAPTER 5

IMPLEMENTATION DETAILS

5.1 DEVELOPMENT AND DEPLOYMENT SETUP

Development Setup:

Install necessary software: You will need to install Python, TensorFlow,
Keras, and other libraries required for Autoencoders Algorithm.

Collect Data: Collect water quality data from various sources.

Preprocess Data: Preprocess the data by removing any irrelevant features,
imputing missing values, and scaling the data.

Train Autoencoders: Train the autoencoder model using preprocessed data.
FUI Color Scale Development: Develop the FUI color scale to display the
water quality parameters.

Flutter App Development: Develop a Flutter application to display water

quality using FUI color scale.

Deployment Setup:

Cloud Hosting: Deploy the Flask API to a cloud hosting platform like Heroku
or AWS.

Database Integration: Integrate the database with the deployed application
to store the water quality data.

Security: Ensure that the API is secure, and user authentication is in place.
Testing: Perform testing on the deployed application to ensure it is
functioning as expected.

Continuous Integration and Deployment: Implement CI/CD pipeline to

ensure automatic deployment of the application after successful testing.

5.2 ALGORITHM
5.2.1 Encoders

In deep learning, an encoder is a neural network that learns to transform raw input

data into a compact and useful representation. The process of encoding is also

known as feature extraction or dimensionality reduction, and it can be applied to a

wide range of data types, including images, audio, text, and other types of structured

and unstructured data.

The purpose of an encoder is to learn a mapping from the input space to a lower-
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dimensional latent space that captures the essential features of the data. This

latent space representation can then be used as input to other models or as a

basis for downstream tasks such as classification, clustering, or generation.

Types of Encoders

There are several types of encoders used in deep learning, each with its own

strengths and weaknesses. Some of the most common types of encoders include:

Autoencoder: An autoencoder is a neural network that learns to encode and
decode data using a bottleneck layer that forces the network to learn a
compressed representation of the input data. Autoencoders can be used for
a wide range of tasks, including anomaly detection, denoising, and image and
audio compression.

Variational Autoencoder: A variational autoencoder is a type of autoencoder
that learns a probabilistic model of the latent space, allowing for better control
over the generation and manipulation of data. Variational autoencoders can
be used for tasks such as image and audio generation, style transfer, and
anomaly detection.

Convolutional Encoder: A convolutional encoder is a type of encoder that is
designed specifically for image data. Convolutional encoders use
convolutional neural networks to learn a hierarchical representation of the
input data, allowing for better feature extraction and more efficient encoding.
Recurrent Encoder: A recurrent encoder is a type of encoder that is designed
for sequential data, such as time series or text. Recurrent encoders use
recurrent neural networks to learn a temporal representationof the input
data, allowing for better modeling of dependencies between elements of the

seqguence.

Applications of Encoders

Encoders have a wide range of applications in deep learning and machine learning,

including:

Image and Audio Compression: Encoders can be used to compress images
and audio data by learning a compact representation of the input data that
captures the essential features while discarding non-essential information.
Anomaly Detection: Encoders can be used for anomaly detection by learning
a representation of normal data and then identifying data points that deviate
significantly from that representation.
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Generation and Synthesis: Encoders can be used for data generation and
synthesis by learning a latent space representation of the data and then using
that representation to generate new data points.

Transfer Learning: Encoders can be used for transfer learning by learning a
representation of the input data that can be used as a basis for other models
or tasks. For example, an encoder trained on natural language data could be

used as a basis for a sentiment analysis model.

Limitations of Encoders

While encoders have many benefits, there are also some limitations to their use in

deep learning:

Overfitting: Encoders can be prone to overfitting if the training data is not
diverse enough or if the encoder architecture is too complex.

Limited Interpretability: The representations learned by encoders can be
difficult to interpret, making it challenging to understand why certain features
are important or to identify patterns in the data.

Computational Complexity: Training encoders can be computationally
expensive, especially for large and complex datasets. This can make it
difficult to scale up to larger datasets or more complex models.

Encoders are a powerful tool in the deep learning arsenal, providing a way to learn

compact and useful representations of data that can be used for a wide range of

tasks.
5.3 TESTING
To test the Water Quality Analysis project, you can follow these steps:

1. Collect water samples from different sources, such as tap water, river water,
and lake water.

2. Measure the physical and chemical parameters of the water samples, such
as pH, temperature, turbidity, dissolved oxygen, conductivity, and total
dissolved solids.

3. Use the Autoencoder algorithm to analyze the water samples' quality based
on the collected parameters.

4. Visualize the water quality results using the FUI color scale, which provides
a color-coded representation of the water quality index.

5. Develop a Flutter application to display the water quality results on a mobile
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device. The application should allow users to input their location and get the
water quality index score for that area.

6. Test the application by providing it with different location inputs and verifying
that it displays accurate water quality information.

7. Test the Autoencoder algorithm by comparing its results with traditional
water quality testing methods, such as laboratory testing.

8. Conduct user acceptance testing to ensure that the Flutter application's
interface is user-friendly and intuitive.

9. Test the application's performance by measuring its response time and
checking for any bugs or glitches.

10.Conduct security testing to ensure that the application's data is secure and
protected from unauthorized access.

By following these testing steps, you can ensure that the Water Quality Analysis

project is accurate, reliable, and user-friendly.
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CHAPTER 6

RESULTS AND DISCUSSION

The results of the water quality model using ML with autoencoders and FUI scale

would depend on the data and parameters used in the model. However, some

potential results and benefits of this model could include:

Improved Water Quality Monitoring: The model would provide a more
accurate and efficient way to monitor water quality. The integration of the FUI
scale would also provide additional context and help identify potential issues
with the water quality that may not have been detected with traditional
monitoring methods.

Early Detection of Anomalies: The use of autoencoders for anomaly detection
would enable early detection of anomalies in the water quality data. This
would allow for prompt corrective actions to be taken before the anomalies
escalate into larger issues.

Cost Savings: Early detection of anomalies and issues with water quality
could lead to cost savings for industries that rely on water for their processes.
This could include reduced downtime, lower maintenance costs, and
improved efficiency.

Better Decision Making: The model would provide users with more accurate
and timely information on the water quality, allowing for better decision
making. The visualizations and reports generated by the model would enable
users to quickly identify patterns and trends in the water quality data.
Increased Sustainability: By improving water quality monitoring and early
detection of anomalies, the model could contribute to increased sustainability
in industries that rely on water. This could lead to reduced environmental

impact and improved resource management.

Overall, the water quality model using ML with autoencoders and FUI scale has

the potential to improve water quality monitoring, enable early detection of

anomalies, lead to cost savings, improve decision making, and increase

sustainability.
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Fig 6.2: Water Quality Analysis Output

Above images displays the output of water quality after running into the machine
learning algorithm. This helps in identifying the water quality over the region.

The output depends upon the parameters created during the Training of the model
and implementation.

Since it can be calculated utilizing color remote sensing devices and a smartphone
app, FUI is a powerful tool for future monitoring of water quality by both individuals
and scientists. A critical stage in studies of color is precision-accuracy validation, this
is enabled by the good precision of FUI data of variety of sensors. Additionally,as
monitoring technology continues to collect massive volumes of data, there will be a
constant need to evaluate and verify the veracity of the information in succeeding

works.
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CHAPTER 7

CONCLUSION

7.1 CONCLUSION

In conclusion, the water quality model using ML with autoencoders and FUI scale
is a promising approach for improving water quality monitoring, anomaly detection,
and decision making. By integrating the FUI scale, the model provides additional
context to the water quality data and helps identify potential issues that may not have
been detected using traditional monitoring methods. The use of autoencoders for
anomaly detection enables early detection of anomalies and issues with water
quality, which can lead to cost savings and increased sustainability. The results of
the model will depend on the data and parameters used, but overall, this approach
has the potential to provide significant benefits to industries that rely on water for
their processes. As technology continues to advance, it is likely that water quality
models like this will become more sophisticated and widespread, contributing to
improved resource management andenvironmental sustainability.

Overall, the Flutter application for the water quality model using ML with
autoencoders and FUI scale has the potential to provide significant benefits to
industries that rely on water for their processes. By automating the process of
collecting and analyzing water quality data, the application could increase efficiency
and reduce errors. The integration of the FUI scale and autoencoder would enable
better decision making and early detection of anomalies, which couldlead to cost
savings and increased sustainability. As technology continues toadvance, it is likely
that applications like this will become more sophisticated and widespread,

contributing to improved resource management and environmental sustainability.

7.2 FUTURE WORK

1. Expand the Dataset: To improve the accuracy of the water quality analysis, you
can expand the dataset by collecting more water samples from various sources.
This can be achieved by collaborating with other organizations thatare involved
in water quality monitoring.

2. Refine Autoencoder Algorithm: You can optimize the autoencoder algorithm to
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improve its performance by using advanced techniques such as convolutional
neural networks or recurrent neural networks. This can be achieved by consulting
with experts in machine learning.

Implement Real-Time Monitoring: To enhance the project's usefulness, you can
develop a system that provides real-time water quality monitoring. This can be
achieved by integrating the algorithm with sensors that can collect data
continuously and send it to a server.

Develop an Alert System: To notify users of any changes in water quality, you
can develop an alert system that sends notifications to the user's mobile phone
or email. This can be achieved by integrating the algorithm with a notification
system.

Improve the User Interface: To improve the user experience, you can develop a
more intuitive user interface that allows users to easily interpret the water quality
results. This can be achieved by conducting user testing and gathering feedback
from users.

Integrate Social Sharing: To promote awareness about water quality, you can
integrate social sharing features that allow users to share their water quality
results on social media platforms. This can be achieved by integrating the
application with social media APIs.

Extend to Other Regions: To expand the project's reach, you can extend it to
other regions beyond the current study area. This can be achieved by
collaborating with other organizations that are involved in water quality

monitoring in other regions.

7.3 RESEARCH ISSUE
Research issue for the project "Water Quality Analysis Using ML/DL ":

Lack of automated tools for water quality analysis: Traditional methods for
water quality analysis are time-consuming and require manual intervention.
There is a need for automated tools to make the process faster, accurate and
more efficient.

Complexity of water quality data: Water quality data is complex, and it is difficult
to make sense of the data without proper analysis. Autoencoders algorithm can
help simplify the data and extract meaningful information from it.

Need for a user-friendly interface for data visualization: The data obtained from
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water quality analysis needs to be presented in a user-friendly interface to
make it easier for end-users to understand. The development of a Flutter
application can help in achieving this goal.

« Importance of color scale for water quality analysis: The use of a color scale can
help in identifying water quality parameters quickly and easily. The development
of a FUI color scale can make the process more efficient.

« Limited availability of water quality data: The availability of water quality data can
be limited, especially in developing countries. This can pose a challenge in the
development and testing of the algorithm and application.

« Need for accuracy in water quality analysis: Water quality analysis is a critical
task, and the accuracy of the results is essential. Therefore, the algorithm and

application need to be thoroughly tested and validated to ensure accuracy.

7.4 IMPLEMENTATION ISSUE

o Data quality: One of the main implementation issues for this project is
ensuring the quality of the water quality data. The accuracy of the analysis
will depend on the quality of the input data. It is important to make sure that
the data is accurate, complete, and reliable.

« Autoencoder Training: The autoencoder algorithm requires a lot of data and
computation power for training. The training process can be time-consuming
and requires a good understanding of machine learning techniques. This
can be an implementation issue that requires a lot of resources and expertise.

« Integration: Another implementation issue is integrating the autoencoder
algorithm and FUI color scale into the flutter application. It requires careful
planning and coordination to ensure that the application works seamlessly.

o User Interface: The user interface is an important part of the application. The
implementation of an easy-to-use and intuitive user interface that can display
the water quality results in an understandable format is crucial forthe
success of the application.

« Data Privacy and Security: Water quality data is sensitive, and there is a need
to ensure that the data is protected from unauthorized access or disclosure.
This requires implementing robust security measures to protect the data and

ensure its privacy.
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10.

11.

Scalability: As the application gains more users, there may be a need to scale
up the infrastructure to support the increased demand. This requires careful
planning and implementation of a scalable architecture.

Maintenance and Upgrades: The application requires ongoing maintenance
and upgrades to ensure that it remains up to date and continues to provide
accurate and reliable results. It is essential to plan for these maintenance

activities and upgrades to ensure the longevity and success of the project.
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Abstract - Monitoring the water quality of
water bodies is essential for conserving
freshwater resources. water quality
measurement and assessment is accurate,
but its high cost limits its use. Using remote
sensing to monitor water quality has proven
to be cost-effective. The link between water
quality levels on satellite and mobile
imagery was generated using a hierarchical
convolutional neural network (CNN). To
address the lack of measured data, a
strategy of learning was introduced to CNN
models. After spatially training the CNN
model using satellite and mobile imagery
collected from the official website, we were
able to classify the surface quality across
water bodies. All types of water quality can
be covered by the newly presented CNN
model and water quality classification
method. For this, we will train two deep
learning models, one for mobile image
classification and one for satellite imagery,
and store both models in a Firebase
database. Models are implemented in Flutter
mobile applications using Flask (API).
Finally, the classification process should
run on the backend. This will display the
results on the application’s Ul screen (water
quality, amount of pH contained, some of
the minerals in the water, etc.). Humans and
other living organisms are completely
dependent on clean water as a resource.
Thus, there is significant societal and
economic value in developing water quality
prediction models that can forecast future
water quality conditions. In this study, water
quality was predicted using models based
on artificial neural networks (ANN) and
discrete wavelet transform (DWT).A multi-
layer perceptron neural network was
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utilised to analyse missing values from the
water quality time series dataset used in this

study.

Keywords — Convolutional Neural Network
(CNN), Flask (API), pH, Artificial Neural
Networks (ANN), Discrete Wavelet Transform
OWT),

I INTRODUCTION

Freshwater is a crucial resource for both the
environment and humans. Inland lakes store large
amounts of fresh water. Water quality is influenced
by land use, population increase, and economic
development. Global issues include pollution and a
shortage of freshwater. Monitoring the parameters
and water quality is critical for the protection and
management of freshwater resources. We developed
connections between multispectral data's spectral
spatial information and water quality levels using
the potent learning capabilities of CNNs. Water
quality values were employed as labels and remote
sensing photos served as CNN inputs. A little
amount of field data combined with CNN model
research can explain correlations between water
quality measurements and satellite imagery. A
trained CNN model is used to classify the water
quality of a body of water.

Water quality measurements and spatiotemporally
synced satellite data are used to develop the model.
Our research offers a thorough and affordable
remote sensing method for assessing water quality
across various water bodies. Monitoring water
quality is necessary to control water quality,
safeguard human health, and preserve the
ecosystem. Artificial intelligence (AI) has a lot of
potential for categorizing and forecasting water
quality (WQ). In order to manage WQ data gathered



over extended periods of time and make the most
precise water quality predictions, this study assesses
alternative Al algorithms. A number of machine
learning classifiers and their water quality indicators
with Stacking Ensemble (WQI) models were used to
categories the WQ data. Monitoring water quality is
crucial for maintaining water quality, safeguarding
public health, and preserving the environment.
Artificial intelligence (AI) has several uses in
categorization and water quality prediction (WQ).
This study evaluates various Al algorithms in order
to create a trustworthy method for managing WQ
data gathered over extended periods of time and to
most accurately predict water quality. A variety of
machine learning classifiers and their stacking
ensemble models used the water quality index
(WQI) to categorise his WQ data.

II. Literature Survey

Chen, F., et al. — 2017 suggested in this paper, an
unique wireless sensor network-based approach to
monitoring and analysing water quality is presented.
Real-time monitoring and analysis of water quality
indicators like temperature, pH, turbidity, dissolved
oxygen, and conductivity are done by the proposed
system using a mix of physical and chemical
sensors. ZigBee technology is used to establish the
wireless sensor network, and a web-based graphical
user interface is created to make remote monitoring,
data analysis, and alerting easier. Laboratory tests
are used to assess the proposed system's Performa.

Wang, D., et al. — 2017 study describes a wireless
sensor network-based integrated monitoring and
analysis system for water quality. A database, an
analytical module, and a wireless sensor network
make up the proposed system. Data on water quality,
including conductivity, temperature, pH, turbidity,
and dissolved oxygen, are gathered using a wireless
sensor network. A database is then used to store the
gathered data. The data are analysed using the
analysis module, which then visualises the findings.
The operator is then alerted when there are issues
with the water's quality using the results. The
proposed system has undergone testing in a real-
world setting, and the outcomes demonstrate that it
is able to precisely monitor and analyse water
quality.

T.J. Blom and R.B. Lammers — 2010 in this review
paper, upcoming trends in the subject are discussed
along with current methods for analysing water
quality. Techniques for sampling, measurements,
hydrological monitoring, and data processing are
among the subjects covered.
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S.T. Boulton and G.R. Clausen — 2006 suggested his
book offers a thorough explanation of the procedure
for creating and putting monitoring programmes for
water quality into place. It includes subjects like the
choice of sampling locations, sampling techniques,
data analysis, and result interpretation.

MH. Graham and H.G. Elliott — 2002 explained
principles and methods of water quality analysis are
discussed in detail in this book. It addresses issues
like sampling, sample preparation, measurements,
data processing, and result interpretation.

III. PROPOSED METHOD

3.1. FUI Colour Remote Sensing Derivation

The distant sensing reflectance or water-leaving
radiance is first cleaned of surface-reflected glint.
The 20-Colour Matching Functions are used to
obtain values by converting the relevant ocean
colour remote sensing product spectrum into colour.
These values correspond to the primary colours red,
green, and blue. The obtained values are then
matched to the FUI scale's 21 discrete numbers and
displayed on a diagram. Numerous previous articles
give a detailed explanation of the method as well as
background information on the FUL

3.2. FUI Scale

In a simplified overview of a portable scale in the
field, the CPAs that contribute to the observed
colours and path of sunlight are presented. Surface-
reflected glitter should be avoided by turning the
user's back to the sun and, if possible, standing in the
shade to decrease environmental contamination of
the observations.

FUI color | e s o |
123456 78 91011 121311516171819 2021

Fig 3.2.1: FUI Color Scale Panel
3.3. Statistical Analysis

In order to examine discrepancies and uncertainties
in the predictive regression equations, we estimated
the mean absolute percent difference, which
illustrates how the data is scattered, and the mean
percent difference, which is a bias indicator.

N specifies the number of available observations,
and X denotes the variable being observed. It was
also used to determine the strength of the
relationship between the observed variables. A
Spearman test was chosen because it allows non-
parametric testing for monotonic connections.



IV. IMPLEMENTATION
4.1. Technologies used:
The technologies used to build this project are

Flutter: With Google's open-source Flutter
framework, a single codebase can be utilised to
develop gorgeous, natively built, cross-platform
apps.

Dart: Dart is a client-side programming language
that was designed for online and mobile app
development. Google designed it, and it can be used
to construct desktop and server apps.

4.2. Architecture:

The aforementioned figures display the proposed
system's block diagram. Pre-processing of the
satellite image is followed by deep learning
modelling. Afterward, the corrected geometric
transformations were transmitted to Flask (API).
whereas learning a series of feature maps is done
using convolutional layers.

Mobile images
| |

| Deep Learning model

input mobile image

Deep Learning model

input satellite image

Flutter

Water quality level pH value Other Minerals

Fig 4.2.1: Work Flow Diagram

These feature maps are then fed into the object
detection and water quality recurrent layers as input.

4.3. Working:

‘We employ a CNN with a spatial transformer layer
to analyse water. While the convolutional layers are
used to master a collection of characteristic maps,
the STN layer's purpose is to rectify geometric
information. These characteristic maps are
subsequently fed into the stacked-directional ANN
layers of the recurrent layers. It uses each body from
the characteristic series produced by the
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convolutional layer's method of approach and
provides potential distribution over the elegant
labels. The layer then decodes the aim label series
using the probabilities that were obtained from all of
the frames. For greater generalisation in our studies,
we pre-train the network using the IIT-HWS
dataset.

The architecture of the proposed system has been
shown in the above figures. The satellite image is
gone into pre-processing cropped Satellite graph,
then went into deep learning model and gets
converted to the image. Then sent into Artificial
Neural Networks (ANN) and Tests the Image into
multiple pixels and forms data frame and sends the
images to the UI Application to display to the
user/client.
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Fig 4.3.1: Model Algorithm

Although while colour satellite sensors can only
detect optical radiation in a few spectral bands, they
can accurately determine the colour of natural
waterways. Color is produced when the human eye
senses electromagnetic radiation with wavelengths
ranging from 380 to 720 nm. Since the start of the
twentieth century, much research has been
conducted to better understand how humans see

colour [2,3].
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Fig 4.3.2: Mask and Threshold Images



Color has gained in importance in cultural
communication since then, as indicated by the
advent of colour printing, colour displays: digital
cameras, and smartphones.

V. OUTPUT

Fig 5.1: Application UI

The above image consists of the UI of the
application created and its working demonstration of
how it works with User Experience.

MASK

Fig 5.2: Water Quality Analysis Output

Above images displays the output of water quality
after running into the machine learning algorithm.
This helps in identifying the water quality over the
region.

The output depends upon the parameters created
during the Training of the model and
implementation.

VI. RESULT

As part of the project, a smartphone app for
monitoring the optical colour of water is being
created using the FUI system. To use the displayed
smartphone app instead of the FUI portable scale, it
is intended to take advantage of the increasing
number of residents who own smartphones. The
app's algorithms are well-known and are always
being improved depending on the photographs. The
apparent colour of water may be determined and
recorded in five simple steps using a smartphone
app. Additional optical water quality measure, such
as Subsurface Drip Disposal and FUI readings, can
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be submitted as auxiliary data alongside extra
information into the programme.

The assessed data is saved in a central database to
build an open-access water colour map based on the
FUI system. The picture and computed FUI will be
shown on the map in line with the assessment
requirements. The new technique for extracting
water colours from digital photographs is now used
to process images that are sent to the database. The
knowledge of individuals participating in
environmental monitoring that assist to understand
environmental issues, large data sets may be
acquired to support scientific investigations. As a
consequence, colour remote sensing, coupled with
its prediction algorithms and smartphone apps, has
the ability to meet the demands of prospective water
quality investigations.

VII. CONCLUSION

We evaluated the FUI colour scheme's potential
value as a proxy for identifying water masses in this
study using its linkages with common water quality
indicators. Although if it is unknown which CPAs
are responsible for each colour index, the FUI colour
system is a valid optical water quality proxy that
may be used to monitor the marine environment due
to its low cost and ease of use. At sea and in estuary
systems in mid- to high-latitude regions, field
research was conducted to investigate its potential
uses. The relationship between FUI and various
optical water quality metrics was demonstrated
using correlation and regression analysis.

Since it can be calculated utilising colour remote
sensing devices and a smartphone app, FUI is a
powerful tool for future monitoring of water quality
by both individuals and scientists. A critical stage in
studies of colour is precision-accuracy validation,
this is enabled by the good precision of FUI data of
variety of sensors. Additionally, as monitoring
technology continues to collect massive volumes of
data, there will be a constant need to evaluate and
verify the veracity of the information in succeeding
works.
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