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This thesis examines how the municipality of Kerava, Finland, integrates geographic information sys-

tems (GIS) and artificial intelligence (Al) through cloud technologies to improve pipeline management
systems. The application of three-dimensional (3D) modelling and GeoAl systems is a significant focus.
Implementing these integrations is necessary to improve control of water supply and sewerage systems
and the entire infrastructure. This study explores how, using cloud systems, Al and GIS, working to-
gether, can create accurate 3D models to simplify the management and maintenance of pipeline net-
works in the Kerava municipality. The study began with a general overview of various technologies in
GIS and Al. The pros and cons of this integration with cloud systems were discussed in detail. The GIS
system is the main tool for managing pipeline information in Kerava. This data includes topographic
maps and satellite images. However, this integration facilitates clear visualization of the condition, type
and location of the pipeline Al, by automating the process, improves this system, greatly increasing the
accuracy and efficiency of various pipeline monitoring and management operations. This is necessary
for effective resource management, as well as reducing risks such as accidents. The thesis also described
the scalability and reliability that is achieved using cloud computing that supports extensive data pro-

cessing. This is essential for efficient pipeline management.

The results show that GIS, Al and cloud technologies are simplifying the modelling process, providing
improved accessibility of various piping systems. This integration has the potential to change infra-
structure management to a more reliable one, using advanced technologies for the sustainable develop-

ment of the Kerava municipality.
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INTRODUCTION

In the age of modern urbanization, municipalities like Kerava face a mounting problem of sufficient
water and sewage system management. The new era, which involves intricacy, inequity, and high
maintenance costs, also demands the development of better data management techniques than the
current two-dimensional data management solutions, which are very efficient. This implies that there
is a significant improvement which is very detailed as well as accurate model of water and sewerage

network in Kerava.

With this multi-faceted approach, in particular, the municipality will enjoy its many advantageswhich
include, but are not limited to, better usage of resources, additional efficient operations and better
decision-making power Therrien et al. (2020). Besides, a 3D model helps make a comprehensive
visualization of the various infrastructure parts which enables advanced maintenance and early inter-
vention that cuts failures. This idea is garnered from the conviction that the regimes for managing
water and sewage networks in Kerava should be redeveloped to include a new technological outlook
and a creative approach. The goal is to build a system which will be robust and flexible as well as
equipped with advanced data analytics, electronic cloud computing, and software tools specially de-
signed for urban infrastructure management. Such a framework will not only cope with the present
problems but also ward off committed mistakes and provide recommendation to avoid further ones.
Sustainability is thus one of the goals of the city, and this project also means treating the citizens of

a better city.

Today, great changes are taking place in the field of digital technologies, and achievements in devel-
opment are difficult to ignore. One of the reasons for this rapid growth is the rapidly evolving urban
landscape. Thanks to the combination of Geographic Information Systems (GI1S), artificial intelli-
gence (Al) and cloud computing, an effective and innovative direction like GeoAl has emerged. Its
huge advantage is the great opportunities that have changed and improved the usual management of
municipalities and urban planning. The municipality of Kerava, where the author of the thesis also
works, is in a dynamic metropolitan area in Finland. This thesis explores how to use GeoAl and cloud
technologies to improve the operation of pipelines by integrating 3D modeling, improving the effi-

ciency of spatial data management in the municipality of Kerava.



Around the world, urban centres face rapidly increasing infrastructure management challenges. Ker-
ava strives to use the latest technology to solve such problems. Facilitated by cloud computing, inte-
grating GISand Al helps find the best solution, thereby enabling increasingly sophisticated dataanal-

ysis and management options.

GeoAl is a revolution in urban planning and management. Al is capable of optimizing planning for
the sustainability of land use, public transport routes, as well as changing and many times improving
various strategies that are capable of responding to emergency situations. The application of GeoAl
in the municipality of Kerava will be able to change the way the municipality interacts with its geo-
graphical environment, considering the needs of residents, changing the solutions used in urban plan-
ning. For depth of data interpretation, 3D GeoAl pipeline capabilities are important as they provide
3D visualizations and analyses, enabling more accurate urban project planning.

Despite its advantages, the implementation of GeoAl in data management and technology integration
faces various challenges. Data privacy and security are of paramount importance. GeoAl systems
process critical and sensitive information, and the computational requirements to run advanced Al
algorithms require expensive and complex IT infrastructures to manage. Broader use of GeoAl in
municipal settings is facilitated by cloud technologies as they introduce enhanced data security

measures as well as scalable resources.

In GeoAl deployment, cloud computing plays a major role. They provide all the necessary infrastruc-
ture that can support extensive data processing and, of course, storage. The introduction of cloud
technologies in the Kerava municipality will facilitate access to innovative computing resources that
do not require capital investments.

Cloud platforms can offerflexible datamanagement and various computing tasks to handle the chang-
ing dynamics of urban data. Cloud technologies provide a centralised platform for analyzing and
distributing data, improving cooperation in unrelated industries and stakeholders.

The main focus of this thesis is to study how cloud technologies are contributing to improving pipe-
lines using GeoAl in the municipality of Kerava, including various 3D modeling capabilities.

The project aims to showcase the current state of GeoAl technologies and their application in urban
planning. It also seeks to analyze the challenges and advantages of integrating GeoAl cloud systems
in municipalities. An important objective is to propose the implementation of a 3D GeoAl pipeline
in Kerava, enabling efficient management and analysis of spatial data. Ultimately, the project aims to

demonstrate the benefits of an advanced 3D pipeline based on GeoAl technologies.



The integration of GeoAl and cloud technologies in urban planning and management presents an
innovative opportunity forthe Kerava Municipality. This thesis explores the technical and operational
challenges associated with these technologies, offering practical implications and strategic frame-
works to enhance residents’ quality of life and contribute to sustainable city development. By utilizing
a pipeline enhanced with GeoAl, supported by cloud technologies, and enriched with 3D capabilities
and spatial data, the municipality can establish the most recent urban governance and interaction

benchmarks.



2. BACKGROUND

Infrastructure data administration includes a complex number of issues, especially in cities such as
Kerava. The spread of data between databases, data tables and repositories creates a major challenge.
Spreading datarequires efficient datagathering, merging, and information management. On the other
hand, the multiplicity of data formats from various sources is another barrier in the process of data
gathering and analysis, therefore discouraging faster data integration and effective collaboration
among stakeholders. One more challenging task is to bring togetherthe disparate parts of datasources.
Many plans face obstacles in the process of unearthing coherent observations from diverse and het-
erogeneous datasources and formats. The phenomenon of fragmentation almost always leads to frag-
mented views, which, in turn, quite often decreases the quality of the process of decision-making
Wang et al (2021).

Professional software tools, as well as the design of standardized data protocols, will be key elements
of any modern urban infrastructure management strategy that seeks to tackle complexities. These
tools achieve data from various sources integration, formats standardization and efficient manage-
ment processes. A unified data platform may result in a state of improvement of resource allocation,
service optimization, and facilitation of the decision-making process in infrastructure development
for Kerava City Barton et al (2022). Simpler data practices not only improve in-house processes but
also promote dialogue and information interchange among those who matter in the whole process.
The existence of interoperability brings about the effective sharing of information, encourages crea-
tivity, and motivates joint ventures in pursuit of sustainable urban development. The adaptation of
these technology breakthroughs underpins urban areas like Kerava's effective use of infrastructure
data, thus increasing efficiency, resilience, and outcomes that are good for all residents and stake-

holders.

1.1 GIS Al and 3D model of pipeline

In modern society, we are witnessing the unfolding of global digital transformation. Every day, a
huge amount of increasingly complex algorithms is generated, and computational power is growing
rapidly. Artificial intelligence is becoming a part of everyday reality in many fields. Machine learning
is expanding horizons for business management and leading us to understand the possibilities of the

Digital Society we live in today Y Du, S Zlatanova (2006).


https://scholar.google.com/citations?user=99klsScAAAAJ&hl=en&oi=sra

The Digital Society is acommunity that utilizes information and communication technologies as tools
for daily life, based on the application of microelectronics, local and global computer networks, ap-
plied software technologies, and machine algorithms. These tools gather, process, generate, and dis-
tribute information to users through global telecommunication systems. Our world today is very
young; it has been created with breakthrough technologies and massive data generation over the past

year or two, surpassing the entirety of history in preceding years of its existence Srivastava, (2020).

Intelligent decision-making today helps people improve the quality of life, enhance businesses, and
improve the surrounding world by using data. Smart decision-making involves effective project man-
agement, strategic goal planning, defining optimal metrics, and security systems for large-scale auto-
mation. Intelligent solutions today enable the transformation of information into practical actions.
Today's architecture of solutions is based on careful context formation through tools of the Digital

Society and intelligent forecasting withresulting goal formulation provided by Artificial Intelligence.

Artificial intelligence is a collection of intellectual constructs (algorithms, software solutions) that
are available for processing input data volumes. Artificial intelligence makes analytical decisions
and builds predictive models for intelligent decision-making and management in the digital commu-
nity Dawood, Elwakil, Delgado (2020).

Forecasting artificial intelligence refers to the volume of new data that users obtain due to the intel-
lectual activity of software components. Location data is a link for automation algorithms of predic-
tive modelling and target components of decision-making space. Location analytics provides busi-

ness advantages and enables smart management and decision-making Somu (2021).

Creating a pipeline model in ArcGIS Pro involves collecting spatial data such as locations, various
infrastructure, and environmental data. Data is prepared and cleaned. This ensures accuracy. Tasks
include, for example, georeferencing or digitizing maps, then creating a utility network in ArcGIS
Pro, with which pipelines can be modelled and manipulated, while also providing the ability to ana-
lyse connectivity and flow. To do this, one uses the tracing and network diagram’s function. For
valves and pipes, feature layers with important attributes, such as size or material, are specially con-
figured. In ArcGIS Pro, analytical tools are needed to detect failures, assess risks, and of course
help with maintenance planning. Visualizations and maps are needed to present pipeline data clearly
and effectively. Symbols are used for this; they make the information more understandable. Integra-
tion with a system such as ERP is needed for real-time monitoring and to ensure clear interaction of

the conveyor model with external platforms. The resulting model, thanks to the capabilities of



ArcGIS Pro, can be used by publishing maps and models in the form of web layers, maps, and ap-
plications as illustrated in the provided picture (Figure 1). This is all done through ArcGIS Online,
or Portal for ArcGIS Li, Z.(2020).
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Figure 1Comparative Workflows for 3D Point Cloud Data Processing: Traditional Geodata Pro-
cessing vs. ML/DL Interpretation DolIner, J. (2020)

1.2 Variations Industries With Intelligent Location Analytics and Machine Learning

Many global businesses use location analytics to reveal concealed patterns, gain insight and create

competitive advantage. The advantages of intelligent location analysis can be enhanced through the
quality organization of artificial intelligence modelling. Place analytics supported by machine study-
ing promotes online breakthrough information acquisition. Place analytics provides the opportunity
to obtain intelligent location forecasting Mishra, AK Tyagi (2022).

Intelligent location is location data based on geographical systems, supplemented by artificial intel-
ligent automation and scalable online platforms. Intelligent location data helps transform entire in-
dustries. More than 90% of executives believe that location information is crucial for the success of

businesses and communities. Executives, managers, and operators use intelligent location to find


https://scholar.google.com/citations?user=RIgaVmUAAAAJ&hl=en&oi=sra

optimal locations when selecting trading platforms, manage assets in real-time, and maintain or re-

pair critical infrastructure. Sun, Scanlon (2019).

Retailers in the retail sector use machine learning and location analysis to select sites, support cus-
tomers, set prices, optimize supply chains, location-based advertising, and provide personalized
customer service as illustrated in the provided image (Figure 2). Location analytics is the analysis of

branch location properties Wang, Gopal, Shankar, Pancras (2022).

In manufacturing, intelligent location systems are used to enchase logistics, geotarget route plan-
ning, plan preventive maintenance and detect atypical actions that slow down production Wenzel,
Smit, Sardesai (2019).

Government agencies use machine learning algorithms based on imagery obtained from geograph-
ically referenced drones and satellites to automatise work, model business development and assess
the condition of agricultural crops online. Managers, planners, and just people use intelligence to
track information online to predict time on road and possible needs to remain competitive at all

times Djahel, Doolan, Muntean, Murphy (2014 ).

Detecting trends among artificial intelligence forecasting data allows combining intelligent location
with marketing solutions and conducting targeted geotargeting for companies. Targeted geotarget-
ing is the ability to manage the geography of marketing information for each user based on analyti-
cal decisions made by artificial intelligence. Each new offer to the buyer is made based on their in-

telligent location and the capabilities that the company can provide Shi, Zhang (2020).

Information technologies in our time has led to the development of geographic information technol-
ogies. For more than three decades, two-dimensional GIS have been developed, in which geo-
graphic data is represented by a set of flat objects (point objects - individual trees, bushes, etc.; lin-
ear objects - roads, highways, electric lines, pipelines; polygonal objects - forest tracts, fields). But
as this technology penetrates more and more into the “masses”, it inevitably goes beyond the pale.
MF Goodchild (2000). A map is a terrain model that describes the spatiotemporal relationships of
objects and phenomena relative to the earth's surface Johnson (1990).

Maps allow one to view places and objects within certain boundaries simultaneously. They create a
representation by visualizing the shapes, sizes, and positions of different objects and determining

their dimensions in space. Maps contain these objects' necessary quantitative and qualitative
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characteristics and show spatial connections. Such meanings show the total value of the cards to be

put into practice. Burgmann,Rosen, Fielding (2000).

The term "map"” comes from the Greek word chartes, which meant a sheet of papyrus for writing.
Woodward, Harley (1987). It has long been customary to define a geographical map as a miniature
image of the Earth's. But this definition is imprecise and incomplete. Firstly, it is true both in relation
to any photograph of the image of Words surface and it relation to a landscape - an image of an area
using the means of fine art. Secondly, it limits the tasks of the map to depicting the earth’s surface,
while modern maps include in their content a wide variety of natural and socio-economic phenomena
(for example, temperature and air pressure, national composition of the population); however, always
shown in relation to the earth’s surfaces Nordstrom (2018). The mathematically determined construc-
tion of maps involves the establishment of a strict functional relationship between the geographic
coordinates of points on the world's top layer and the rectangular coordinates and same points on the
plane. This allows you to study spatial relationships and shapes of depicted objects using maps Stei-
niger, Weibel ( 2007).

Geographic maps convey phenomena using cartographic signs - special graphic symbols. These signs
create a spatial image of reality on the map. The meaning of using cartographic symbols becomes
clear when comparing the map with an aerial photograph of the same area. Cartographic signs

“erase” many individual features of terrain objects and thereby impoverish the image Leander, Phil-
lips, Taylor (2010).
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Figure 2 Variations steps industries with Intelligent Location Analytics and Machine Learning

To create a comprehensive visualisation of the world's surface on a map, it is necessary to reduce
the image to view part or even the entire surface of the Earth, reproducing significant relief features
at a reduction scale. In addition, the map must effectively depict the relief of the Earth's surface and
convey topographic variations in a flattened image. It is essential, without limitation, only by the
appearance of items and phenomena but also to indicate their internal properties for a deeper b un-

derstanding of the presented characteristics. It is necessary to illustrate the distribution of



10

phenomena that are not perceptible to our senses, such as temperature, and to identify connections

and relationships that are not directly perceptible.
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Figure 3 Steps for Intelligent Location Analytics and Decision-Making in Geospatial Applications

It is necessary to exclude unimportant aspects and details characteristic of individual objects or phe-

nomena and highlight their standard and essential features through abstraction as mentioned in Fig-

ure 3. Finally, it is important to include key infrastructure elements such as buildings, roads, and
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other significant structures to show a full image of the built environment. This approach ensures the
map is informative and practical, serving various purposes, from navigation to scientific analysis,

while maintaining clarity and focusing on essential details.

1.3 Geographic Information Systems (G1S)

A Geographic Information System (GI1S) is an opportunity to see the environment surrounding us in
new ways. GISis an up-to-date technology that displays and analyses items and occurrences on Earth.
It combines database activities, like analysing statistics, with visualisation and spatial analysis pro-
vided by the map. The capabilities distinguish GIS from others and allow it to be used in an extensive
range of tasks related to analysing and forecasting phenomena in the surrounding world, with aware-
ness identification of the primary factors and factors and their possible results. GIS is a new, modern
and practical approach to problem analysis and solution. It makes the analysis and prediction method
automatic. Prior to using GIS, some technologies were able to summarise and comprehensively ana-
lyse geographic information to make the most effective choices using contemporary approaches and
resources Malczewski ( 2004). GIS is used everywhere there is any kind of human activity—in the
analysis of global problems such as over-population, land contamination, and natural disasters, or in
solving tasks, like searching for the best way between different points or finding where the pipeline

laying or other tasks connected to geographical technologies.
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Figure 4 GIS Applications, Benefits, and Challenges

1.4 3D visualizations and improved utility management in ArcGIS Pro

Managing and understanding complex utility infrastructure systems in ArcGIS is enhanced by 3D
visualisations that show and help identify potential problems that need improvement. ArcGIS, for
comprehensive data management, supports a variety of workflows such as creating geometric repre-

sentations and 3D visualizations of utilities Osterman (2014).

For data that is not in 3D format, 3D bases maps provide the ability to create detailed underground
and surface utility features. Using ArcGIS Pro or Scene Viewer, layer properties can be adjusted
and including underground navigation can greatly improve the visualization of utilities Schok-

ker, Sandersen, Beer, Eriksson, Kallio, Kearsey, Pfleiderer, Seither

(2017). This approach is important for effective management and the collaboration of different utility

systems in different industries.

ArcGIS Pro 3D pipeline visualization improves utility management and increases understanding and
management of complex infrastructure systems. Users can get a realistic representation of the physi-

cal world by creating detailed 3D visualizations, especially for infrastructure projects. Inthe context
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of pipelines, simulations such as the flow of water or gas through pipelines are important, and this in
turn improves decision-making by helping to understand spatial relationships and potential conflicts
better, facilitating planning and maintenance. Of course, emergency response is also a big advantage.
ArcGIS Pro further enhances utility management capabilities with the Utility Network Management

extension, which provides modelling, visualization, analysis, and more tools Srivastava (2020).

1.5 Components of GIS

A GIS has five key components: hardware, software, data, people, and methods. Hardware: This is
the computer running the GIS. Today, GIS operate on various types of computer platforms, from
centralized servers to individual or networked desktop computers. GIS software contains the func-
tions and tools needed to store, analyze, and visualize geographic (spatial) information. Data is prob-
ably the most important component of a GIS. Spatial location data (geographic data) and associated
tabular data are important to GIS systems. The data may be collected and prepared by the user them-
selves or purchased from suppliers commercially or otherwise. In the process of managing spatial
data, GIS integrates spatial data with other types and sources of data and can also use Al to speed up
and automate tasks, quickly extract information from huge amounts of data, and save time Zhu,
Wright, Wang (2018).

Performers: Widespread use of GIS technology is impossible without people who work with software
products and develop plans for using them to solve real problems. GIS users can be both technical
specialists who develop and maintain the system, and ordinary employees (end users) to whom GIS
helps solve current everyday affairs and problems Yang,Wong, Yang, Kafatos, (2005). Methods:
The effectiveness (including economic) of using GIS largely dependson a properly drawn up plan
and work rules, which are drawn up in accordance with the specific tasks and work of each organiza-

tion.

1.6 How GIS works

A GIS stores all information about the natural world as thematic layers. They are aggregated based
on location. Any geographic information contains various data about the spatial location - this can be

a link to geographic and various coordinates, addresses, and indexes. A geocoding process is applied
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to determine the desired features' location automatically. Such a process quickly determines where
the desired object is located on the map, such as a store or flood location. Also, it builds a route,
simplifying and finding a more convenient road to optimally reduce the time to reach the desired one
(Wise, 2018). Three-dimensional GIS can be used for maps of any scale and purpose. 3D GIS soft-

ware is used only for highly specialized geographic information purposes.

1.7 Formation of the relief in a completely new way

Formation of the relief is the simplest and most used technology. Itis used not only in specialized
geosystems, but also in numerous demo programs, games and simulators. Basically, the data for this
3D GIS class is a DEM and a surface view. Small objects such as trees, and houses can also be
additionally specified. Showing terrain features is the main function. This is realized by flying the
camera over the surface of the earth at bird's eye height. Using programs of this class, both large-
scale and small-scale maps can be presented. The difference is in the degree of generalization of real
geographic data Pepe, Costantino, Alfio, Vozza, Cartellino (2021).

1.8 Three-dimensional cadastral systems and visualization of urban areas

Three-dimensional cadastral systems and visualisation technology have become most widespread due
to great practical need. Cadastral systems and urban planning and management systems are widely
used in the national economy for various purposes. For this type of system, large-scale geographic
and topographic maps are used primarily. The datacan be any type of object, based on the detail of
the structure and also its particular purposes: constructions, roads, various communications, forest
plantations, any small objects, such as lighting poles and other objects used in urban management.
Accordingly, the primary function of such systems, in general, is to obtain a variety of information
on each object, the possibility of various selections and data aggregation. In three-dimensional urban
GIS, the ability to conveniently inspect the layout and location of the objects and other functions

inherent only in three-dimensional systems is added Doner, Biyik (2022).

For urban 3D GIS, one of the most important functions is the smooth increase/decrease of image

detail. If a 3D system developer plans to display the appearance of objects, then it is necessary to
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store textures of all types of objects and perform non-distorting transformations with them in real
time Ying, Guo, Oosterom, Stoter (2015).
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3.ENHANCING KERAVA'S PIPELINE MANAGEMENT WITH 3D GIS

Today, 3D modeling has many applications and of course in GIS. The project | propose can be used
in the Kerava municipality: 3D model of the pipeline.

This project will demonstrate efficiency, reliability and improve the operation of pipeline systems.
The aim of the project is to showcase the productivity, reliability and improvement of the operation
of pipeline systems. The main task of 3D modelling is the visualization and development of the pipe-
line. 3D models will help identify potential problems and improve the design. A three-dimensional
representation of the pipeline, visualization, will facilitate understanding of the design, assess strength
and safety.

Modeling will also help facilitate work with documentation and reporting.

To create a 3D pipeline modeling in the municipality of Kerava, the first step is to gather data on all
pipelines in the municipality: GIS drawings, maps, technical parameters, locations, and characteris-
tics of pipes. Choose the right software, such as ESRI ArcGIS. Currently, the pipeline maps are in

QGIS. This means importing data (drawings and maps) into the necessary software.

Start creating the 3D model using imported data. Create a 3D depiction of the pipes and all related

details. Connect them into one system based on all technical characteristics (direction, pressure, etc.).

3.1 Conduct testing and create documentation

This chapter focuses on the practical implementation of 3D GISand Al technologies in pipeline man-
agement in Kerava. The main goals are to develop accurate and reliable 3D pipeline models, optimize
system operations, and improve maintenance and risk management strategies. Using GIS and Al ca-
pabilities, the project aims to improve the monitoring and diagnostic capabilities of pipeline systems,

making maintenance planning more efficient and predictable.

3.1.1 Pipeline Optimization

The author’s interest in the field of GIS Al and 3D pipeline modelling is very diverse. One of the
main goals is to develop accurate and reliable 3D pipeline models using GIS and Al in Kerava mu-
nicipality. This includes developing algorithms, analysing, and classifying objects in 3D. Also, using

GIS Al will help to optimise operations of pipeline systems: monitoring and diagnostic systems,
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making maintenance plans easier, predicting fixing and enhancing prevention and risk. GIS Al will
help identify vulnerable sections of pipelines and predict the likelihood of accidents, which will fa-
cilitate the development of risk management strategies. It is also important to create documentation
to ensure ease of use of the 3D GIS and Al system for pipeline management. Documentation makes
operation and maintenance many times easier, provides clear guidance and troubleshooting tips. Fa-
cilitates training of new users, ensuring that all stakeholders are well prepared to use the system ef-

fectively.

3.1.2 3D GIS and Al in Pipeline Development

The interest in the topic and motivation is that technology is developing rapidly, and the author is
attracted by the possibility of using GIS Al to create a 3D pipeline model to create an improved
infrastructure in the Kerava municipality. Creating a 3D model is an innovative solution that will
replace conventional maps, increase operational efficiency and safety, save time, and, in the future,

finances.

Of course, the interest in the topic is also connected with the author's professional ambitions, the
desire for development in the field of engineering and geoinformatics. Learning to create 3D pipeline
models using GIS and Al is a valuable skill and knowledge that will benefit their careers both in
Kerava Municipality and in their own businesses. All the above factors form the interest in the topic
and motivation for studying and developing in the field of creating 3D models of pipelines using GIS
and Al.

Three-dimensional GIS can be used for maps of any scale and purpose; now, 3D GIS software is used
only for narrow geographic information purposes.

Formation of the relief in a completely new way what is the simplest and most commonly used tech-
nology. Itis used not only in specialized geosystems but also in humerous demo programs, games
and simulators. Basically, the data for this 3D GIS class is a DEM and a surface view. Small objects
such as trees and houses can also be additionally specified. Showing terrain features is the main func-
tion. This is realized by flying the camera over the earth's surface at bird's eye height. Using this
class's programs, large-scale and small-scale maps can be presented. The difference is in the degree

of generalization of real geographic data Du, Zlatanova (2006).
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Three-dimensional cadastral systems and visualization technology have become most widespread due
to great practical need. Cadastral systems and urban planning and management systems are widely
used in the national economy for a variety of purposes. Large-scale geographic and topographic maps
are mainly used for this type of system. The data can be any type of object, depending on the detail
of the system and its specific purposes: buildings, roads, various communications, forest plantations,
any small objects, such as lighting poles and other objects used in urban management. Accordingly,
the main function of such systems, in general, is to obtain a variety of information on each of the
objects, the possibility of various selections and data aggregation. In three-dimensional urban GIS,
the ability to conveniently inspect the layout and location of the objects themselves and other func-
tions inherent only in three-dimensional systems is added Shojaei, Kalantari, Bishop, Rajabifard,
Aien (2013).

For urban 3D GIS, one of the most important functions is the smooth increase/decrease of image
detail. If a 3D system developer plans to display the appearance of objects, then it is necessary to
store textures of all types of objects and perform non-distorting transformations with them in real-
time. Billen (2000).

3.2 3D modelling pipelines ArcGIS pro

Improving the capabilities of GIS systems requires integrating pipeline networks using ArcGIS Pro
and machine learning, including GeoAl and cloud technologies. This is necessary to improve opera-
tional efficiency, improve decision-making and failure prediction, and optimize maintenance sched-
ules. GeoAl can analyze spatial data from convolutional and recurrent neural networks, examining
the ArcGIS Learn, PyTorch, and TensorFlow Learn libraries for compatibility with spatial analysis.
Itis also important to assess the scalability of a cloud platform like AWS and the ability to integrate
it with ArcGIS Pro Srivastava (2020). All data for the pipeline network transfers into ArcGIS Pro, to
be structured for examination using a tool such as Utility Network. This is necessary to define rela-
tionships and coherence. Machine learning models are trained using pipeline data stored in the cloud.
Integration with ArcGIS Pro provides continuous monitoring and predictive alerts. Feedback mech-
anisms are established for continuous improvement and enhanced safety in pipeline operations. Ar-
nold (2023). As illustrated in the provided picture (Figure 5)
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Figure 5 3D Urban Visualization with GIS and Machine Learning Integration Srivastava, (2020).
Arnold, B. (2023

3.3 Research Questions

The study examines these vital aspects of current data management and infrastructure optimization,
which are addressed by the study approaches. The purpose of these examinations is to unravel many
of the cloud server platform dimensions, geographic information systems (GIS), issues in data man-
agement, technological optimization and secured data practices. Moreover, this research aims to in-
vestigate these issues and unveil important findings for innovative strategies, appropriate methods
and effective data management approaches in the context of cities. The research questions that have
been delineated are as follows:

Cloud platforms play an essential role in effectively managing large volumes of data by offering
scalable storage solutions and advanced analytics tools to simplify data management processes. The
functionality of GIS platforms has been adapted analysis and illustration of geographic data. Based
on improved data analysis, the geographic context embedded in data sets allows us to make informed
decisions. Data management systems in the cloud can face data integration and performance issues.

Organizations can quickly and effectively address these challenges by implementing robust data in-
tegration strategies and optimizing system performance. Al and machine learning are improving the
management of big dataand datain the cloud. The central aspect of using cloud servers is to ensure
data security, confidentiality, and integrity. Therefore, implementing various security procedures,
such as data encryption and access control, ensures the security of datastored in the cloud environ-
ment.
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3.4 Research Aims

The aim of the thesis is specifically to contribute to the realm of water and sewage network manage-
ment in the city of Kerava. The primary focus is clustered around the development of an exemplary
and integrated system that leverages the capabilities of Infrakit. This is a platform that is more than
any tool; it is a truly powerful tool that can simulate, record and manage infrastructure data with high
efficiency and accuracy Infrakit.(n.d.) Sustainability and scalability will improve with algorithmic
improvements and strategic implementation. This will be the basis of a comprehensive and adaptive
mechanism that is capable and ready to cope with the dynamic needs of life in urban infrastructure.
First and foremost, the project has a very strong focus on resource optimization, improving data effi-
ciency, service delivery standards, data-driven decision-making, and collaboration among stakehold-
ers. The idea of the projects is to originate the radical transformation of the urban infrastructure of

the city to become efficient, powerful, and ecologically friendly.

3.5 Revamping Urban Data Management for Kerava's Infrastructure

The reason for embarking on the initiative is due to the urgent and immediate need for updated and
effective data management methodsthat are applicable to all urban infrastructure networks within the
framework of the city of Kerava. Infrastructure, like water and sewage networks of urban areas world-
wide, face challenges in successfully managing and preserving as the population grows, the pattern
of urbanization changes and the technology environment shifts Daulat (2024). The complexity of the
tasks leads to a transformation of approach to more progressive and smart tools for working with data.
The goal is to develop technologies such as Infrakit, that could overcome the biggest challenges the
local authority currently has. Therefore, cloud computing will be used. The issues associated with
these problems include the sharing of data, the variety of formats, limits of integration and the essen-
tial demand for more careful approaches to the presentation of data. This project targets the data
unification from different sources, as well the homogenization of the data format and administration
procedures through the application of the most advanced software tools and data management prin-

ciples.

The establishment of finely-tuned data management system is a game changer, for example, in ad-
dressing deficit woes, asset management, and infrastructure improvements. This initiative will be

geared to offering better services to people and foster a sustainable and resilient urban infrastructure
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network by providing access to information on all the infrastructure Tansel & Zhang (2022) Finally,
the plan bears complete harmony with the overall goals of smart cities which are to build cities that
are environmentally friendly, resourceful, and very innovative when it comes to managing urban sys-
tems. This project lays the basis for more intelligent smartcity infrastructure by developing a smart
platform that can integrate information from multiple sources and apply advanced algorithms for
analytics and visualization Gupta (2020). The objective of the project is to serve as a basis for chang-
ing data management methods, resource allocation, service delivery, and innovation for the manage-
ment of the city's infrastructure issues in the city of Kerava, as illustrated in the provided picture
(Figure 6). The recipe seeks to be a tangible consequence of the city’s sustainability, resilience, and

long-term planning through the application of advanced technologies and new methods.
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4 LITERATURE REVIEW: REVOLUTIONIZING DATA MANAGEMENT PRO-
CESSING IN URBAN WATER

Inthe modern era, it has become evident that the process of efficient data management has immense
significance for the urban water and sewage networks. With smart city strategies and increasing tech-
nological innovations, it is becoming essential to standardize the way the data is managed in order to
be certain of what the governance of water services would be in the long run. In this respect, well-
implemented data management processes, being the individuals who are solely entrusted with the
stable and smooth management of the urban sewage network and water, are imperative. The shift
from conventional 2D datamanagement approaches to modern 3D model systems is a key movement

intended to improve urban water services' effectiveness, dependability, and sustainability.

In the literature review, we examine the complex challenges that the water and sewage companies
face as they strive to manage their infrastructure data and operations efficiently, considering the case
of the city of Kerava, along with the possible solutions. Okwori et al (2021) propose a conceptual
model for urban water pipeline management using a data-driven approach. This framework highlights
the critical role that sensors, historic maintenance records and geographic data play in providing the
foundation for advanced asset management techniques. Using the analytic techniques and advanced
machine learning methods would allow water companies to base their decisions regarding the mainte-
nance, rehabilitation and replacement of the system and improve its efficiency. Joseph, Sharma, and
Van Staden (2022) introduce the ideas of innovative cities, in which systems to control and handle
urban waters have already been integrated and managed using the artificial intelligence (Al)and ma-
chine learning. Through arranging the sensors and loT tools along the network, there emerges an
opportunity to get the data in real-time, analyze it, detect the leaks, estimate the equipment failures
times, and boost water distribution. Through strategy, not only the system efficiency will be enhanced
but there will be less leakages in the operating pipe network as well as this will lead to saving opera-

tion costs.



24

4.1 Data Pipeline for Wastewater System Operation

Effective management of wastewater systems puts a strong emphasis on the development of efficient
data pipelines as well. Therrien, Nicolar and Vanrolleghem (2020) point out the necessity of unified
data collection protocols and interoperable data formats within this system. This permits the integra-
tion of diverse data channels and their aftermath to be analyzed for the decision-making process.
Secondly, the writers push for the application of sophisticated data analytical tools that include pre-
dictive models and anomaly detection algorithms. These devices facilitate real-time monitoring of
the systems and also help to apply a proactive maintenance strategy so that the companies can have
better resilience against the risks and existing aging infrastructures. Wastewater systems, which are
complex networks, comprise a great deal of monitoring and maintenance activities to maintain their
sustainable performance quality and avoid environmental degradation. Nevertheless, data manage-
ment poses major problems because the systems generate a lot of data. Therrien et al. (2020) recog-
nize the idea that the system of information collection protocols should be standardized so that meas-
urements are uniform as well as credible. Establishing the standards will cause vacant positions to

struggle to maintain data quality, and as a result, there will be wrong analysis and decision-making.

Additionally, interoperable data formats are vital for enabling information sharing and combining
different systems and platforms Okwori etal. (2021) highlight that standardized structuresto facilitate
the interoperability of shared data, as well as successfully analyzed dataare required. This ability to
match up creates the platform for utilities to gather data from different data sources, including sensor
networks, SCADA systems, and geographical information systems (GI1S), to comprehensively under-
stand how the system performs and behaves. Aside from standardizing data collection procedures and
formats, they also suggest that data analytics tools should be incorporated into the system upgrade
operations for maintenance improvement. It enables water companies to anticipate any problems in
the system that may occur in the future and thus repair the damages through preventive diagnosis and
maintenance. Unlike other types of algorithms, the anomaly detection algorithm can detect departure
from the norm in the performance of the system that, in its nature, triggers the request for additional

interventions.

By implementing high-quality data pipelines and using up-to-date analytics tools, water enterprises
can boost their operational stability and protect their infrastructure against aging issues. Predictive
maintenance techniques lead to preventive interventions intended to avert the evolvement of issues

into critical ones that might lead to machine failures, thereby minimizing machine downtime and
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increasing the machine's ease of access to services. Besides, its early detection of failures and abnor-
malities makes the system monitoring more reliable and better ensures that corrective measures are
taken in time Joseph et al. (2022). The establishment of a good data pipeline constitutes one of the
most important aspects of wastewater system management. The application of standardized data col-
lection processes and interoperable data formats results in a consistent portion of the data, which
allows for easy data transmission and interconnection between different systems or platforms. Water
companies can implement sophisticated data analytics tools, which will increase system monitoring,
predictive maintenance, and operational resilience, thereby cutting down on the dangers of old infra-
structure and helping to ensure the reliability and performance of wastewater systems. Municipal
drainage networks are very complex: this is not only their burden but also their advantage; they have
to maintain pipes in good shape and face urbanization-induced pollution. Wang et al. (2021) stress
that the management of this network is not simple and emphasize the need to adopt a holistic approach
to managing urban drainages. This strategy involves the fusion of hydraulic modelling, GIS, and
remote sensing technologies in the process of assessing system vulnerabilities and ranking infrastruc-
ture investments in priorities. Through anticipation of these problems, water companies will be able

to decrease flood risks and protect water quality within the cities.

4.2 Forecasting Pipe Failures in Potable Water Networks

The capability of forecasting pipe issues in clean water infrastructure systems is a complicated issue
resulting from the multiplicity of the factors affecting them. Barton, Hallett, and Jude (2022) discuss
this issue, focusing on the inability of the current predictive modelling methods to capture the com-
plexities undergirding future pandemics. They assert that traditional methods, typically older age-
related models, are inappropriate to describe the complicated interrelations of environmental factors,
material parameters, and operational conditions. This, therefore, can result in inaccurate predictions,

and such can cause costly misfortunes.

However, this challenge is quite enormous because of the constant use and old age of these networks,
which makes the pipes easily damaged during the process. The latest age-related disintegration mod-
els are appropriate when considering the complex interdependence of the factors or general rules.
Elements such as water quality, soil texture, and operating stresses play a huge part in assessing the
pipe lifespan with impact. By doing so, severe inaccuracies in the determination of pipe breakdowns

might occur, meaning that the security of public distribution systems will be affected. In order to
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tackle these difficulties, the authors offer the use of modern data analytics solutions, including ma-
chine learning and probabilistic modelling (Barton et al., 2022). These instruments utilize a more
refined approach to panning through immense databases and outlining trends that normal statistical
methods may not allow their users to notice. Through the use of machine learning formulas, it is
possible to understand all the intricate relationships of multiple factors of pipe integrity along with

their nonlinearity.

These machine learning algorithms, including such as random forests or neural networks, are nothing,
but they have the power to learn from historical dataand adapt themselves to the varying conditions
besides the time (Tansel & Zhang, 2022). This can be realized by training models with wide datasets
that contain not only pipe age but also environmental factors and operational factors. With that, a
result of the development of more predictive models than the ones that predict only pipe age is a
possibility. These models can then be assessed for pipe failure possibility in tougher conditions for
later prioritization. Another key area that is probably going to provide an effective prediction of pipe
breakages of drinking water networks is probabilistic modeling. Probabilistic models reflect imper-
fections in dataand do not necessarily provide deterministic predictions but probabilistic estimates
of failure. This approach enables water utilities to be more equipped by first thinking about the inher-

ent uncertainties that we associate with predicting pipe failures.

4.3 Integrated Multi-Asset Infrastructure Management

Integrative multifunctional infrastructure administration management, as such, is a deeply involved
issue for water companies, which demandsthe capture of the wide array of interdependencies between
pavement, sewer and distribution networking systems. Daulat et al. (2024) address this complex mat-
ter, providing clarity and expounding possible solutions. They are very specific about the need for
interoperable data storage and management systems and also recommend shared decision-making
processes in order to realize the highest industrial efficiency. Through holistic solutions, water com-
panies can achieve outstanding results, thereby ensuring return on investment and greater resilience
of infrastructural networks. Management of multiple facilities involves requirements not given to
simple infrastructure assets like interdependencies and coordinated maintenance and operation. Un-
like single asset management methods, integrated multi-infrastructure asset management requires a
viewpoint that considers how the different systems interact and influence each other (Okwori et al.,
2021).
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The integrated data systems and databases working together can be thought of as the pillar of ad-
vanced multi-infrastructural assets management. Such systems of information allow the smooth flow
of dataand integration sharing between various kinds of assets that can accomplish a holistic assess-
ment and choice. Daulat et al. (2024) emphasize that the use of standardized data formats and proto-
cols is paramount to ensure compatibility and interoperability between different systems. Information
systems that are not yet isolated and have stakeholders cooperate and synchronized apply a much
more effective integrated approach toasset management. Active decision-making together and within
a team is the key to successfully managing the multi-structure inputs. Daulat et al. (2024) suggest the
engagement of all stakeholders, such as engineers, planners, policymakers, and community members,
in the asset management decision-making process. Involving different voices in the conversation,
water companies will design comprehensive programs that account for diverse needs and equilibrium
conservation whilst seeking to realize the full potential of investments in infrastructure. Like team-
work, collaborative methods pursue transparency and increase accountability levels, which is widely
credited with the formation of trust among interested stakeholders and the delivery of buy-in for ini-

tiatives being proposed (Wang et al., 2021).

Asset management, which encompasses both the allocation of resources and the prioritization of long-
term objectives, becomes more profitable with a holistic approach, and thus increases the worth of
investments for water companies. Daulat et al. (2024) bring out that a successful asset optimization
should engage everything that the lifetime asset entails, right from budgeting and design to building,
running, and managing the asset. Through making use of predictive maintenance approach and ana-
Iytics predictions, water companies will be successful in deferring asset degradation and downtime
interruption, which will, result in lowering of the asset lifecycle costs. One of the dedicated multi-
functional facility systems has the ability to increase the multifunction of an asset infrastructure. The
water utilities can appreciate the systems' dependencies; thus they will discover the vulnerabilities
and develop the adaptation strategies accordingly. Wang et al. (2021) advocate for funding resilience
through better reliability, backup systems, along with emergency response to enable infrastructure
networks to withstand occurrences of disasters, climate change and any other interruption that come
into being. A proactive approach to face water infrastructure vulnerabilities will contribute to the
water company providing a continuous supply of water services and a much shorter duration of in-

terruptions in the service.
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4.4 Strategic Water Loss Management

Water loss management is an essential point that contributes to the sustainable development of urban
infrastructures. Bozkurt et al. (2022) underline the improvement of water planning and support for
water saving along with the introduction of real-time monitoring and leak detection technologies.
This approach proposes the development of a kind of model that would involve hydraulic modelling,
GIS analysis, and leak detection sensors in detecting and targeting the areas of maximum leakages A
strategic water loss management policy incorporates the fundamentals of responsible planning tech-
niques that also include leak searching in the distribution system to recognize and minimize water
losses. Technology that is real-time, in addition to leak detection, is emphasized by the authors
Bozkurt et al. (2021) in this process of development. By using sensors and devices in the networks of
the 10T, water utilities can constantly monitor the flow rates and pressure levels of the water. This
enables the detection and pinpointing of leaks at exactly the time they occur. The proposed water loss
management model will be linked with other data like hydro-model and GIS analysis, just to empha-
size the point that good information is vital for producing better leak detections. The hydraulic simu-
lations that they connected with geographical information show where most leaks start, and then they
direct inspections and maintenance in that direction Guptaet al. (2020). Moreover, the sensing of leak
detection helps in understanding the condition of the piping online, and this information on the pipe
infrastructure conditioncan help us to respond tothe leak immediately in which case we reduce water

losses.

Installing effective water loss management strategies can have multiple advantages for water utilities
and the populations they serve. Utilities could stop experiencing revenue losses associated with un-
billed or unaccounted-for water by reducing the water losses. Similarly, water conservation helps to
guarantee enough supply for present communities and for those in the future. In addition, lessening
water leakages should ease water treatment plant operations as well as the inefficient water infra-
structure that arises as a result, hence more savings and improved operational efficiency. Strategic
water loss management is needed to ensure maximum efficiency while also maintaining the sustain-
ability of the urban water systems. Bozkurt et al. (2022) claim that an integrated approach that in-
cludes real-time monitoring, hydraulic modelling, GIS analysis, and leak detection technologies can
ensure the plugging of hotspots. Water utilities can effectively prevent revenue losses, save the pre-
cious water supply, and strengthen the water distribution system through proactive water loss man-

agement measures.
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4.5 Smart Water System for Improved Resource Management

Water resource management, with its disruptive technologies, is a valuable source for increasing wa-
ter efficiency and sustainability. Guptaet al. (2020) review different applications of smart water, such
as the 10T, Al, and big data analysis, to help water utilities optimize water distribution and treatment
processes. These technologies decisively shift the paradigm of utility operations towards an environ-
mentally sustainable and economically efficient approach. A smart meter is the cornerstone of smart
water systems, which facilitates the exchange of data concerning water usage and consumption for
utilities and consumers in real-time lo Storto (2020). The application of smart meters all over the
distribution system improves utilities’ ability to monitor the usage of water in real-time and reveal
leaks and unusual behaviour in a prompt manner. In this way, water utilities can implement target
interventions like leak repair and demand management measures to minimize water losses and im-
prove system performance.

loT leverages sensors and technologies to monitor 1oT-based water infrastructure continuously. It
does so through monitoring the condition of the pipes, valves, and pumps. The foregoing approach
can even identify many anomalies like pressure decrease and flow disturbance leading to the invisi-
bility of leaks or technical faults. By anticipating and resolving any problems before they pose a
threat, utilities can provide a cost-effective water supply and uninterrupted services with great relia-
bility and resilience of the supply system. Predictive analytics in this area of study uses machine
learning techniques such as advanced algorithms and Al to analyse a huge amount of information. In
this way, he may forecast future water quality, demand, and supply. Through the acquisition of his-
torical data, weather forecasts, and other significant factors, the utilities can make projections and
plan operational decisions and resource allocation effectively. They, therefore, experience the ability
to prognosis and react to disturbances in the system or mismatches and face water services delivery
Gupta et al. (2020).

4.6 Hydrological State Modelling in Sewer Systems

The implementation of the integration of hydraulic-water models and real-time information from sen-
sors would be a promising and reliable means to ensure better accuracy in water quality predictions
and enable the establishment of pollution detection system events. This approach is beneficial given
that it gives water companies a firm understanding of how pollutants move within sewer networks.

They will be able to enforce pollution control measures and ensure the quality of receiving water
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bodies. Water quality management in sewer networks is composed using of multiple steps and differ-
ent processes within them is complex for water nature that is dynamic Jia’s et al (2021)

research explores that the modeling methods used in traditional approaches to this problem usually
are not sophisticated enough to include all the factors simultaneously, hence the necessity of new
approaches providing better solutions to the problem. The combination of hydrologic and water qual-
ity models with real-time sensor datanot only represents a breakthrough, it will also help us build
better plans for pollution prediction and management. Employing the services of sophisticated model
projections along with immediate data intelligence, the water entities will be able to anticipate where
pollution emerges and devise a prompt response to limit the environmental threats (Babamiri, Pish-
vaee, & Mirzamohammadi, 2020). The adaptation of this proactive approach is not only instrumental
to the resilience of sewer networks but also helps develop a water management pattern that is sustain-

able and ecologically oriented

In integrated services models where performance is optimal, not only are traditional performance
metrics of use, such as water loss rate or customer satisfaction score, but also the full-scale efficiency
gains derived of the integrated services model Storto (2020). These companies can utilize DEA tech-
niques as one of the best data to analyze on parallel network that can be mandatory for water compa-
nies to run a normal business by cost saving and performance improvement along the entire water
service value chain. Efficiency measurement in urban water services is a multidimensional defects
encompassing the custom spectacle of effectiveness evaluate. Traditional metrics help immensely in
analyzing the performance of distinct domains of water services, albeit they donot succeed in logging
the connectedness or synergies among various operational domains even when functionally inte-
grated. A parallel network DEA models provide a robust platform for integrated water services eval-
uation that takes all inputs and outputs into simultaneous consideration Therrien, Nicolai, & Vanrol-
leghem (2020). Through analyzing the efficiency frontier of parallel network operations, water com-
panies are better positioned to improve resource allocation, performance, and service delivery. This
strategic method enables water companies to make most from their investments, and thus, improve

the system well-being.

4.7 Sustainable Water Management in Municipal Corporations

Municipal corporations act as the main actor that guarantees the fair circulation of water while paying

attention to the needs of marginalised communities in urban areas. Dutt and Punniakotty (2021)
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elaborate on sustainable water management practices employed by these corporations, while putting
emphasis on equity and social inclusion factors. The central issue is the recognition of staff motivation
and involvement in all the processes related to the water management decision-making process. The
municipal corporations are expected to have an open dialogue with its residents, stakeholders, and
community organizations as they discuss water resource management, infrastructure development,
and policy formulation. Through enabling dialog and complaint, corporations would be able to learn
about the specific water-related difficulties in various communities and develop their solutions to fit
those needs. However, as noted by Dutt and Punniakotty (2021) it seems to be important to include
community involvement, since community's decision-making authority in water management prac-
tices is also emphasized by them. Involving different stakeholders in decision-making also helps to
guarantee that the interests of all the society groups are taken into consideration. Through communi-
ties' participation in water policy making and implementing projects, the cities authorities develop

the trust, ownership, and social justice in water service provision.

The development strategies that guarantee sustainability within the water sector ,along with capacity
building initiatives, emerge as the key factors in achieving these goals. Municipals should start these
processes by having education, training and development programs of their staff to develop tech ex-
pertise and know-how of the municipal corporation. Furthermore, capacity building programs also
strive to equip the locals with the skills and resources that will enable them to be engaged in the use
of water sustainably and water pollution prevention. Through staff and community capacity building
programs corporations can create a climate in which organization and population will adapt to the
changing conditions in water management. Dutt and Punniakotty's holistic approach consider the
technical and non-technical issues, which are social and economic dimensions in sustainable water
management. Local governments can bring together environmental concerns with social equity and
economic development aspirations and as a result, generate synergies and hence, ensure overall resil-
ience and well-being. Green infrastructure projects not only improve water quality and attenuate flood
risks but also make jobs and build a livable community. Unsurprisingly, adequate water governance
also allows for social cohesion where stakeholders and authorities are supportive of inclusive and
participatory structural governance. Through the process of listening to and valuing all expressions
in the decisions making, municipal corporations can be able to strengthen the ties between its resi-

dents and make them responsible for water resource stewardship.

In general, the aforementioned literature emphasizes the multifaceted challenges which the water and

sanitation companies confront in coordinating their infrastructure data and operations. Embracing the
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new 3D management paradigm in the proposed thesis project can be the key to unlock better and
faster data handling. Through advanced technology like deep learning, cloud computing and GIS,
water companies can gain strength in their decision-making process and resource allocation optimi-

zation and boost the resilience and sustainability of urban water infrastructure systems.

4.8 Needs and Technology Assessment

Sustainable growth of municipalities in the present-day urban development, requires strategically or-
ganized resource and infrastructure management practice. Kerava, a city that is unique in its chal-
lenges and opportunities, demands an in-depth needs assessment to identify the weak areas and de-
termine the best technological solutions. The analysis concentrates on the Kerava community needs
especially to seek the most appropriate GeoAl (geospatial Al) and cloud technology that will solve

the concerns efficiently.

4.8.1 Needs Assessment for Kerava Municipality

By analyzing the challenges facing the Kerava Municipality, the thesis seeks to identify areas to im-
prove and propose solutions to revolutionize data processing practices. This thesis addresses a com-
prehensive needs assessment to address critical urban water supply management issues and open dif-

ferent pathways to more efficient and sustainable practices.

4.8.2 Water and Sewage Infrastructure Management

The water supply and sewage network of Kerava demands the incorporation of more advanced tech-
nologies in order to optimize the utilization, stop leakages of drinking water and ensure water quality,
respectively. The most effective way to satisfy the water needs arising from urban growth and the

increasingly complex demand of people is by taking the right management measures on water affairs.

4.8.3 Traffic and Transportation Management
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In urban areas like Kerava, traffic jams and transportation issues develop due to ever-increasing ur-
banization. Improving traffic flow, public transportation systems and infrastructure planning play are

crucial factors in achieving mobility and environmental goals.

4.8.4 Environmental Conservation

The natural environment and green spaces are the key aspects that need to be managed to preserve
the high quality of life in Kerala. Sustainable land use planning, biodiversity conservation, and cli-

mate change countermeasures must be among the priorities in tackling these environmental problems.

4.8.5 Crisis Response and Disaster Control

Besides the crisis response and disaster control plans, the population of Kerava should be protected
and provided with security. The use of modern technologies, such as early detection systems, prepar-
edness, and response to natural disasters, along with the coordination of emergency responses, can

boost one’s ability to handle disasters.

4.9 Evaluation of Suitable GeoAl and Cloud Technologies

The innovative applications of GeoAl and cloud technologies may be helpful in the with respect to
the needs of special circumstances in Kerava municipality. By merging geospatial data with those Al
algorithms and using cloud computing, nations managing these situations will be able to attain more

timely and credible data, have better resource management and make better decisions.

4.9.1 Geospatial Data Analytics

High-tech geospatial software is capable of developing a profile of the Kerava municipality that in-
cludes satellite data and aerial images analysis of large spatial data that contains GIS layers. Through
machine learning algorithms, geospatial dataanalysis would give municipal administrations an op-
portunity to identify similarities, reveal unexpected discrepancies, and utilize all the available infor-
mation when they are looking for decisions regarding infrastructure planning, environmental man-

agement, and urban development.
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Using ArcGIS will help the Kerava municipality manage its pipeline network and create detailed 3D
models. These models integrate with existing GIS layers. Visualization helps to simulate various sce-
narios, clearly plan maintenance, as well as real-time monitoring. This facilitates an effective re-
sponse to infrastructure needs. ArcGIS, with tools for analyzing potential impacts, also supports de-
cision-making for city development and positive environmental impact. The software is also im-
portant for the public, as these models will be transparent to residents. This is necessary for commu-
nity participation in municipal decisions. This approach greatly simplifies the management of the

pipeline network, and also makes urban planning and management strategies more convenient.

4.9.2 Remote Sensing Technologies

Conventional remote sensing tools such as LIDAR (Light Detection and Ranging) and UAVs (un-
manned drones) generate high-resolution images and topographic data essential for monitoring
changes in the physical environment. These sensors provide all the needed information about the
Earth's surface. They are essential for analysing modifications in land usage, assessing vegetation
health, and identifying hazardous areas, such as areas prone to floods and landslides.

Leica Cyclone 3DR is software used to process large volumes of point cloud data collected via aerial
photography and laser scanners, converting this data into detailed 3D models. This functionality
shows how efficient it is to create accurate models of pipeline networks. Cyclone 3DR can also trans-
form raw data into detailed 3D images and provide accurate visualizations of pipelines as well as the

environment.

The software is integrated with systems such as GIS and CAD (computer aided design). This integra-
tion makes data management and analysis easier. The software provides accurate measurements and
also highlights potential vulnerabilities. This improves maintenance planning by creating accurate
layouts of pipeline infrastructure. This approach is very important for the precise management and

modernization of pipeline networks to ensure quality planning and operational safety.
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4.9.3 Smart Water Management Systems

Applying intelligent water management systems that rely on GeoAl and cloud-appropriate technol-
ogies would be essential for the municipality to manage water distribution, detect leakages, or per-
form real-time quality monitoring. Municipal officials can utilize sensor networks and 10T devices
that are distributed all over the water network to collect dataon the flows of water, pressure levels
and water quality parameters, which will support the proactive maintenance and the efficient resource

allocation.

IoT using 3D modeling in smart water management systems greatly improves the management and
control of networks. 10T devices collect data in real time, and this in turn allows you to integrate the
data into 3D models. This allows them to be made relevant and dynamic, improving the accuracy of
models and providing a basis for decision-making.

The use of 0T allows datato be analyzed, facilitating predictive maintenance and predicting potential
failures before they occur for example,to pinpoint leaks and anomalies in flow data. These capabilities

reduce downtime and maintenance costs.

loT makes it easier to visualize the operational status of pipelines and allows for remote monitoring
and control of the system, allowing immediate adjustments to the system in response to datafrom 10T
sensors, which is critical to effectively managing complex pipeline networks. Accurate, real-time data
for reporting and control is provided through the automation of data collection, as well as its integra-

tion into system management processes.

Cybersecurity is needed to effectively integrate these technologies. This is necessary to protect the
network and data integrity. It is also important to integrate advanced analytical methods and machine
learning. With the help of such integration, the predictive capabilities of the system will significantly

improve.

In summary, the integration of 1oT with 3D modeling in smart hydrological management systems is
the strongest tool to improve the monitoring as well as maintenance of pipeline networks. This ap-
proach significantly improves operational efficiency. Of course, another undeniable advantage is the

reduction of costs and compliance with environmental standards.
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4.9.4 Traffic Flow Optimization

These GeoAl algorithms could scrutinize traffic flow patterns, predict traffic bottlenecks and set
optimal timing of traffic signals in order to minimize the ever-present mobility and travel time issues
in Kerava. Traffic management systems that have the ability to connect cloud-based platforms to
mind real-time data from vehicle sensors, GPS devices and mobile apps can give the power officials
in municipalities the ability to develop dynamic routing schemes, congestion pricing measures and
optimization for public transportation to manage traffic congestion and provide an efficient transpor-

tation network.

Using the existing pipeline network to simplify implementation and optimize traffic flow in Kerava
using V2X (Vehicle-to-Everything), Vehicle to Other Vehicle (V2V), Infrastructure (V21), Pedestrian
(V2P), Network (V2N) technologies and cloud (V2C). The installation of communication devices at
traffic lights and other elements of road infrastructure will help ensure the protection and invisibility
of the system. Such systems can interact with vehicles. Extensive traffic data is collected through
network and cloud connections. The gathered data is then analyzed in real-time. This is necessary to
control the flow of transport and adjust traffic lights, and this reduces congestion and reduces travel
time.

System security and minimization of visual impact, as well as construction disturbances, are ensured
by the use of the municipal pipeline network for laying communication and data cables for V2X
technologies. The use of artificial intelligence and machine learning algorithms greatly increases and
improves the efficiency of real-time traffic management. This makes it possible to predict traffic and
quickly respond to various changes, and the integration of pedestrian communications significantly
improves pedestrian safety by ensuring safe interactions between vehicles and pedestrians. By opti-
mizing traffic flow in the municipality of Kerava, it improves road safety and also contributes to

sustainable development.

4.9.5 Environmental Monitoring and Conservation

GeoAl and cloud technologies enhance environmental monitoring and preservation in Kerava as they
visualize and assess spatial data on land cover, vegetation density, air quality and wildlife habitats.
Machine learning in algorithms can detect shifts in the environment, reveal ecological hotspots and
suggest appropriate conservation interventions by protecting biodiversity and climate change mitiga-

tion purposes.



37

Observation of the environment, as well as its conservation, are very important for maintaining eco-
systems. Various technologies are important for this. For example, remote sensing and GIS technol-
ogies are needed to monitor deforestation as well as wildlife habitats. Future development should
include improved Al integration. This is necessary to quickly detect changes in the environment.
Drones required for data collection, as well as automated sensors, are important for collecting data
from remote areas. They can be improved using new battery technologies and, of course, autonomous
navigation. 10T provides real-time monitoring of air and water quality, with improvements including
improved sensor accuracy and expanded networks combined with machine learning to analyze envi-
ronmental data. This is necessary to predict the consequences of climate change, as well as to optimize

resource management.

4.9.6 Emergency Response and Disaster Management

Kerava municipality is given the ability to harmonize a variety of its crisis mitigation procedures in
an emergency response platform based on the Cloud. Through the utilization of geospatial data,
weather forecasts, and incident reports integrated into one coherent dashboard, emergency respond-
ents have the capability to visualize critical information, analyze risk levels, and deploy resources at

the right time during the emergency situations like floods, storms, and wildfires.

In summary, the implementation of a full and effective needs assessment is a must for discovering
the key points of interest and threats in the municipal development planning within Kerava munici-
pality. By harnessing the various GeoAl and cloud technologies like geospatial dataanalytics, remote
sensing, smart water management systems, traffic flow optimization, environment monitoring, and
emergency response platforms, Kerava would be more capable of meeting its diverse needs and reach-
ing sustainable urban development targets. In combination of Government agencies, Technology pro-
viders and other local partners, collaborative effort is crucial for the carrier of these innovative solu-

tions in Kerava, and it will hopefully last in the long term.

In Kerava Municipality, to reduce damage from natural disasters such as snowfall and rain, they can
integrate advanced technologies and strategically plan for emergency and disaster management. Mul-
tiply early warning systems with sensors need to be implemented. These sensors will detect signs of
extreme weather, sending critical alerts to the public, allowing for quick decisions and timely evacu-

ations.
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Drainage systems should be modernized, and structures strengthened. This will increase the perfor-
mance of critical facilities and will also significantly reduce the economic consequences. It is also
possible to implement so-called smart flood barriers. This will help upgrade the management of the
water system and control the flow of water and prevent flooding. Using GIS will help optimize emer-
gency response by predicting risk areas. It is, of course, important to create educational programs and
platforms to prepare residents for disaster scenarios. This will improve security and reduce infrastruc-
ture recovery time. By focusing on these strategies, we can significantly reduce the impact of natural

disasters in Kerava Municipality, thereby protecting people and infrastructure.
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5. METHODOLOGY

5.1 Data Collection and Preparation:

The initial part of a data management and analysis project is vital to the successful outcome of col-
lecting relevant quality, complete, and accurate infrastructure data. The situation is even more critical
for the city of Kerava when it is needed to digitalize all data collection and operating processes con-
cerning water and wastewater. This chapter lists out the tools and mechanics revolving the concept
of datacollection preparation. The first step is to have all the important information about Kerava
City's civil infrastructure network. These consist of networks related to roads, pipelines, electrical
establishing plantations, and drainage systems Grzegorska et al. (2021). The information collection
is concerned with the analysis of pipelines, sewage systems, water distribution networks, treatment
plants and pumping stations among others. This process involves a multitude of factors. Broadly, it
can be classified into network arrangements, measurements, material specifications, operational pa-

rameters, maintenance documentation and data on incidents and repairs in the past.

The site surveys, inspections, and evaluations which could involve multi-sensory equipment such as
the Geographic Information System (GIS), Global Positioning System (GPS), distant sensing, and
drone surveys might be conducted. This method enables the collection of prompt, precise, and com-
plete data that embraces capturing both visible and invisible things such as ground and above assets
(Calzada, 2020). Based on the collected data, the next step involves saving the data on a dedicated
server infrastructure to guarantee that it can be accessed, secure, and reliable at any time. Centralized
data storage facilitates access in the course of the work of authorized staff since sharing data and

maintaining its consistency and accuracy across the departments is a painless task.

The implementation of AWS as the platform for robust data storage is backed by its solidly con-
structed infrastructure, strong data encryption functionality, many varieties of data backup/recovery
options, and the strict enforcement of data security standards and laws. Thus, with the aid of AWS,
the organization has the ability to attain data security and robustness, hence this data security and
compliance practices of the enterprise will be fulfilled Pohjolainen (2020). The data collection and
preliminary preparation phase involves the collection of datarelated tothe constructive assets through
Advanced Technologies. The datais later secured and stored in a centralized infrastructure, which is

currently Amazon AWS, for instance, where there is security of data and for the data protection to be
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implemented. These actions are aimed to create a data management, analysis, and decision-making
framework that will later lead to establishment of quality data management protocols for the water

and sewage company in Kerava city Tuomisto (2023).

5.2 Experimentation with the Keyaqua Platform

The success of the Keyaqua platform in the exploration, analysis and visualization of water sewerage
datain the city of Kerava will, to a large extent, depend on the experimentation that will be conducted.
The next part focuses on the technique and the techniques employed in the experimental systems that
are used for the study. Firstly, initial centralized datatransmission occurs through the server to the
platform Keyaqua Abokersh et al. (2021). Keyaqua is a dedicated system for analyzing and organiz-
ing data, which addresses the issue of web-based connectivity. The software is able to stitch together
data, dig into it, impress it with graphical presentation and has the tools needed in decision-making
support for infrastructure management. First, the experiment involves feeding data to Keyaqua and
then carries out a set of diagnostic tests and examinations to study how the Keyaqua behaves under
these circumstances. The aim of these tests is to analyse how Keyaqua can take part in the processes

related to infrastructure management, analysis and visualization of information.

Keyaqua's performance consists of three key aspects. First, we need to analyze the ability to improve
data processing speed. This is necessary to reduce the processing time of significant amounts of in-
frastructure data Abokersh et al., (2021). Second, evaluating the reliability and accuracy of Keyaqua's
analytical model is essential. To do this, must enable the execution of Keyaqua's algorithms and sta-
tistical models, comparing with established patterns and actual events to get an accurate assess-
ment. Third, Keyaqua's visualization capabilities must be evaluated, considering visualization tech-
niques for real-time decision-making Mpuon et al. (2021). The experimental phase of Keyaqua calls
for a rigorous measurement of its performance by aligning the criteria against the established industry
standards and comparison studies.With the use of a comparative approach, Keaqua’s strengths, flaws,
and areas for improvement can be highlighted. On top of that, user feedback and usability testing are
going to be a vital part of the experimentation process as well Mpuon, Jimudi, and Dzaguma (2021).
The users and core players of Keyaqua will comment and suggest therefore helping in learning how
easy it is to use, the functionality, and the main purpose. The border of this research is summed up
via information compilation on the transfer of infrastructure data, performance assessment of Keya-
qua processing data, analyses, and visualization, executing comparative analysis, and collecting feed-

back from the users. Such operations are conducted to understand whether Keyaqua is indeed
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contributing to effective decision-making and resource allocation, as well as the databases admin-

istrations for the water and sewage network in Kerava City.

5.3 Security Testing with Amazon AWS

5.3.1 Security testing on Amazon AWS

Security testing on Amazon AWS is a very important step to take security measures for water and
sewage system of Kerava City. The principal reason for this trial stage is to find out if the data stored
in AWS is vulnerable or it is not and if it is protected against cyber threats Osemwowa, et al.(2021).
The first stage of the security of the test process is carrying out an overall audit of data infrastructure
systems to identify security vulnerabilities. The aim of this evaluation is to discover a break in where
robbers can get in and weak spots in the locking system. Furthermore, if the exploration is completed
well, you may find domains that necessitate fast resolutions coupled with suitable actions Kaisko
(2022). This evaluation aims to determine if the AWS security controls are actually effective and to
give an answer to the question of whether the AWS infrastructure leaves any vulnerabilities or not.
The simulated vulnerable point scenarios allow for collecting interactive required data on the current

assets' vulnerability level and the places for potential risk reduction.

Threat modelling constitutes one of the key components of the security testing process in which one
applies models that characterize threats of the production datain AWS platform, as illustrated in the
provided picture (Figure 7). This is a process of creative problem-solving that involves identifying
new tools, scenarios, and risk factors during datasecurity that will divert them at the time of an attack.
The team’s full understanding of various risks and hazards, in turn, makes it possible to develop a
competent security plan by designing and implementing the measures directed for the elimination of
potential threats Kaisko (2022). Apart from the core work of security testing is the verifying of ser-
vices compliance with the industry-defined standards and data security legislation. It is an ISO stand-
ard which is concerned with assessing the company’s level of compliance with the regulations, such
as SOC 2, GDPR, and data privacy rules.

Ensuring compliance is one of the most important factors in remaining secure and in understanding
that if you care about the hardships of critical infrastructure, their data should be the top concern.
Amazon AWS (AWS) has acquired powerful security infrastructure and processes from full-scale

security testing Gupta (2020). There are many built-in security procedures such as dataencryption
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for both stored and in-transit, exact access restrictions, network security configurations, activity track-
ing and logging and hacking mitigation plans are among them Wilenius (2022). As a collective they
are employed for cybersecurity purposes and help to ensure data from infrastructure is not compro-
mised by hackers while simultaneously ensuring the integrity, availability, and confidentiality of the
data. The security of water and wastewater network infrastructure in Kerava City is strengthened by
the adoption of comprehensive security testing as well as the use of top quality protection measures;

the risks of security threats like data breaches are reduced.

Figure 7 AWS IAM Management

5.3.2 Developing Cloud-Based Geospatial Pipeline for 3D Modeling and Visualization

The development of advanced tools for spatial analysis and visualization is necessary due to the in-
creasing complexity of urban infrastructure. This requires setting up and deploying a cloud geospatial
pipeline. Cloud services such as AWS and ArcGIS Pro are used to convert 2D pipeline datainto 3D
models. It uses the power of GIS software as well as the scalability of cloud computing to improve
decision-making processes, especially important in infrastructure management and urban planning.

Campiani, McAvoy, Lercari, Stuardo, Delgado, Mejia,Kuester (2023).

The processing and visualization of spatial data has been greatly influenced by the integration of GIS
with cloud computing. This integration makes it easier to create more interactive as well as accurate
3D models. Their advantages are very important in many applications. This includes urban planning

management as well as infrastructure monitoring.
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The cloud pipeline transforms 2D pipeline data into detailed 3D models. Additionally, it includes
specific targets for accuracy and functionality. AWS Cloud processes large volumes of geospatial data
with scalability and reliability. ArcGIS Pro and its GIS capabilities with deep learning tools are used
to accurately create 3D models. Automate a process within a pipeline to improve data throughput and
reduce manual intervention.Existing 2D GIS data of city pipelines must be used to collect and store
data. They must include all possible geographic coordinates and structural attributes.

Setting up AWS S3 storage includes setting up an S3 bucket, as illustrated in the provided picture
(Figure 8). This is needed to systematically store raw 2D data and processed 3D models. This ensures
data integrity and, of course, its availability. Data is processed using AWS Lambda. To do this, you
need to develop and deploy all AWS Lambda functions. This is needed to automate data prepro-

cessing: converting formats that are triggered by new data. This data is uploaded to S3 buckets.

For 3D modeling with ArcGIS Pro, you should create automated scripts using ArcPy, the Python
library for ArcGIS Pro. This is needed to process and convert 2D data into 3D models. These scripts
initiate GIS processing tasks and also manage the flow of data between AWS and ArcGIS. Using
cloud computing greatly reduces data processing time, and ArcGIS Pro's GIS features improve the
detail and accuracy of 3D models. The integration of deep learning, in turn, improves the ability to
recognize objects, and this is very important for accurate urban planning.

The cloud-based geospatial pipeline describes in this thesis demonstrates improvements and effi-
ciency in converting 2D pipeline data into 3D models. Such a system supports scalable and efficient

data processing and improves analytical capabilities, helping city planners and infrastructure people

by providing detailed and accurate 3D visualizations.

uuuuuu

Figure 8 WS S3 Bucket Management
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5.4 Integration with Infrakit Platform

The introduction of the Infrakit system is an important milestone further that leads to the management
of data including the visualization of the water and sewage network infrastructure in the city of Ker-
ava. The integration requires a collective work to take an advantage of the strengths of Infrakit and
the data skills of Keyaqua, with more focus on precise analytics and visualizations of the infrastruc-
ture data Salmensuu (2021). The integration process starts with good communication within the plat-
form infrastructure team to accommodate the connection into the Infrakit system with proper strate-
gies for the data feed from Keyaqua to Infrakit. The cooperative work guarantees effective joining of

the Keyaqua information extracted and simulated Infrakit for additional analysis and visualization.

A validation and testing of Infrakit having adapted with measurements in the 3D modeling and sim-
ulation integrated with Kerava key data including the urban infrastructure is an important part of the
integration efforts, as illustrated in the provided picture (Figure 9). This research is to determine if
Infrakit can handle the complexities of dealing with network data, render the environmental factors
properly that may impact infrastructure and provide simple visualisation tools to aid in better com-
prehension of the data Calzada (2020). As well, the intense assessment that is made to integrate In-
frakit during the installation phase is geared to decide if Infrakit is the best tool for the replication and
the simulation of operating pipelines distributed over a country. The reliability and correctness of the
modeled outputs are ensured by a set of factors, such as network complexity, simulation accuracy,
and the ability to ground the model in given environmental features Jia et al. (2021).

Moreover, a study of User acceptance of 3D modeling function and visualization features of InfraKit
is evaluated to determine its applicability in the practical world of construction and construction pro-
cesses decision-making. The fundamental reason for the introduction of the Infrakit integration is the
digitalization of data by incorporating the simulation and modelling of CHMC in data management.
This aims to reach much further into the behavior of members of the infrastructure, to make environ-
mental impacts closer, to support the infrastructure management and planning of the city of Kerava
better Abokersh et al (2021). The purpose of this process is to offerthe best results of the management
and visualization of the information that is related to the water and wastewater networks. This assess-
ment shall be based on the close cooperation with Infrakit. The objective is that people have some-

thing that will enrich them and help in the best possible way to manage the resources.
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5.5 Performance Evaluation and User Acceptance

The assessment of the system, which is Infrakit's 3D modeling abilities and data from Keyaqua, will
be carried out at the project analysis and user acceptance period. The current phase encompasses two
primary components: the assessment of both technical performance and users and stakeholders coop-
erating to provide feedback regarding their acceptance and satisfaction with the Infrakit 3D Modeling
System Grzegorska et al., (2021). The initial stage will entail examining the performance of Infrakit
in aspects of 3D modelling and construction. The goal of this thesis is to compare the time efficiency,
accuracy, and ease of use between Infrakit and Keyaqua when modeling water and/or sewage net-
works in Kerava City by Pohjolainen (2020). The crucial performance indices are the degree of ac-
curacy and speed of 3D modeling, the system capabilities for dealing with huge data sets, and the
quality of the visuals created in Infrakit, as illustrated in the provided picture (Figure 10). The inte-
grated system is appraised by gathering users', stakeholders', and domain experts' views and through

this evaluation ascertain the satisfaction and the acceptance levels Tuomisto (2023). This aspect of
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user acceptability testing includes the collection of relevant information, which refers to usability,

intuitiveness and the general user experience when they use integrated platform.

Stakeholders’ feedback at this stage is the most valuable source in the study of different needs, as-
sessment of improvement areas, and guaranteeing the system's alignment with their desires and aspi-
rations. The feedback and insights acquired are commonly operated on within the improvement pro-
cess that runs on iterations, and we use real-world usage scenarios to produce better system function-
ality and usability through their analyses Mpuon et al. (2021). The iterative approach embodies the
process of iterating over the user interface, improving performance, resolving usability issues, and
integrating additional features or functionalities based on stakeholder feedback. The project guaran-
tees that the integrated system complies with technical performance standardsand meets users' ex-
pectations Abokersh et al. (2021). This way, the water and sewage network in Kerava City becomes
more efficient in decision-making and resource management due to the active participation of the

user, stakeholders, and domain experts in the evaluation and improvement process.
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Figure 10 Infrakit 3D Pipeline Mapping Kerava infrakit.fi

5.6 Ethical Considerations

Data management and infrastructure optimization, in their perusal, require covering a lot of ethical
aspects to secure integrity, fairness, and the security of all the stakeholders. On top of the ethical
considerations is the safeguarding of sensitive data and the guarantee of following the law and ethical
norms throughout the process of data collection, storage, and analysis Mpuon et al. (2021). One of
the issues to be addressed is informed consent from subjects, especially when dealing with sensitive
data such as urban infrastructure and systems networks. Other than fairness and impartiality for all
stakeholders, such as urban dwellers, professionals, and technology manufacturers, is another ethical
issue that must be considered. Sources of bias and conflict of interest need to be minimized as they

could affect both the study results and decision-making processes.
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Moreover, researchers need to be totally reliable and accountable at every phase of the study process,
from information collection to the publication of the outcome of the research. However, the repro-
ducibility and validity of outcomes may not happen if the procedures, datasources, and analysis tech-
niques are not fully documented Wilenius (2022). Ethical considerations also include the conscious
use of those technological platforms and tools to manage data. Researchers should pay attention to
data security protocols, use data anonymization when required, and fulfill data governance principles
in order to protect people's privacy and confidentiality Osemwowa et al.(2021). This data safeguard-
ing, stakeholder engagement and transparency, accountability, and responsible use of technology, in
general, is about the ethical side of the research approach. Such considerations are needed to maintain

the ethical standards of the study and the integrity of the results.

This methodology is a systematic way of collecting data, doing experiments, penetration testing, in-
tegrating systems, and assessing performance. The prime purpose is to make a switch to modern data
management systems for the water and sewage company in Kerava. The initiative aims to achieve
datahandling efficiency, effective allocation of resources, and informed decision-making for sustain-
able infrastructure management through the implementation of KEY AQUA and Infrakit, which are

advanced platforms, and the application of robust security entitlements and user-centric evaluation.

5.7 Through Advanced Data Integration and Analysis by Keyaqua

Playing a critical role in the successful implementation of various projects, Keyaqua was developed
to effectively manage water and wastewater systems. The importance of this program is to centrally
manage data. This approach is needed to ensure consistency and accuracy of information. The benefit
of Keyaqua is that critical datais available to all stakeholders, which greatly helps to maintain com-
pliance with stringent environmental regulations. This is also extremely important to avoid legal

problems.

Keyaqua collects data through integration with sensor technologies, as well as sensors and 10T in-
stalled in pipelines. This is needed to monitor water flow in real time, as well as monitor pressure,
quality and integrity of pipelines. This approach allows any discrepancies to be identified immedi-

ately, and GIS compatibility greatly improves data management and visualization. Keypro. (n.d.)

The program contains powerful data analysis and reporting tools. They can process large amounts of

dataand predict potential problems and generate detailed reports. Such tools are an integral part of
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proactive management that prevent problems before they worsen. Keyaqua has a user-friendly inter-
face that makes dataentry, retrieval, reporting, and reporting easy and accessible to all team members
with varying levels of technical expertise. The program is suitable for projects of various sizes, from

small to large-scale municipal networks.

By using Keyaqua, Kerawa ensures that their water management projects are successfully imple-
mented and are sustainable and meet regulatory standards, resulting in more efficient and reliable

water infrastructure systems.

5.8 Results

The goal of the project was to establish an integrated system for Kerava's water and sewer network,
the main feature of which is the integration of In-frakit's capabilities. The project allowed us to have
four main components, which were - data management, GIS Pro integration, use of cloud resources

and deep learning application.

5.8.1 ArcGIS Pro Integration

The application of ArcGIS Pro into the research system was a consequential event triggering the
development in wasted water and sewage system management in Kerava. Using this powerful tech-
nology led the project to a significant level of progress as it successfully implemented 2D pipeline
datainto full-detailed 3D models and thus brought the visualization of the municipal infrastructure to
a new level of comprehension. The utilization of Buffer icon in ArcGIS Pro is the center of this
exercise. This intricate tool made it possible to process the initial linear pipeline data into cylindrical
features full of precision and fidelity that users have not seen before. With the careful use of the
Buffer 3D feature, the static drawings were transformed into living models that could be clearly seen
by the various stakeholders thanks to this function, as illustrated in the provided picture (Figure 11).
As well as that, modification altitude assumed the key function in reaching the highest accuracy of
the 3D models.
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Figure 11 ArcGIS Pro 3D Pipeline Modeling Hussein, Mahdi, & Al-Shukri, (2023)

Precision elevation settings were carefully adjusted by all team members to get an accurate snapshot
of the infrastructure topology, even though navigation was under the ground. Addressing the neces-
sity of experts' aforementioned capability, this capability was proved invaluable in fostering a nu-
anced understanding of the spatial layout and interconnectivity of the water and sewage network,
which the stakeholders used as the leverage for informed decision-making of effective management.
The integration of advanced 3D modeling capabilities of ArcGIS Pro not just revolutionized the vis-
ualization of water and sewage network, but also provided the platform for more insightful strategic
planning and efficient infrastructure management at Kerava. By overcoming the restraints imposed
on normally known 2-Dimensional systems, it allowed for new avenues of innovation and optimiza-
tion in the management of urban infrastructure. Also, the remarkable detail of raising and lowering
positions meant the 3D models were an accurate representation of the municipal complexities includ-
ing underground features, as illustrated in the provided picture (Figure 12). It not only improved the
visual quality of models being made as well as informed decisions related to infrastructure repair,

reconstruction and expansion through more detailed level of detail.
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Figure 12 ArcGIS Pro Geoprocessing for 3D Modelling Corbin, (2020)

5.8.2 Infrakit Integration

Infrakit ,the data collection, analysis and management tool, which is the core of the change being
brought to infrastructure network management for the city of Kerava, as illustrated in the provided
picture (Figure 13). With its professional tools Infrakit provides a unique platform to deal with the
most complex aspects of infrastructure data in a time- and cost-effective manner, introducing a new
paradigm of implementation efficiency and informed management. The integration of ArcGIS Pro
signifies the watershed moment of how infrastructure management practices have been regarded in

the past.
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Figure 13 Infrakit and ArcGIS Pro Integration for Infrastructure Management Corbin (2020).

Through this symbiosis between Infrakit and ArcGIS Pro, transfer of 3D models and spatial data into
the Infrakit ecosystem is smooth and efficient. These powerful platforms bridging the gap gives stake-
holders with holistic and unified infrastructure picture. The platforms act as a single entity. The ap-
plication of 3D modeling and GIS pro power with Infrakit full data management capacity leads to the
creation of a well-organized depot of roads repair information in detail. This integration does not only
increase the fidelity and accuracy of databut also makes real-time collaboration and analysis possible,
providing stakeholders with data-driven alternatives that they can trust, as illustrated in the provided

picture (Figure 14).
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Figure 14 Seamless 3D Model Transfer between ArcGIS Pro and Infrakit Sugianto, Hosea, Jabar,
Irwansyah & Fitrianah, (2023)

Moreover, with the KeyAqua data integration, which is predominantly used with infrastructure, this
greatly enhances the Infrakit ecosystem. Through the amalgamation of information from different
channels one integrated network, stakeholders are enabled to have knowledge of the infrastructure
network. This data aggregation equips all key parties with the necessary data necessary to make data-
driven choice and devise strategic plans that will deliver efficiency and resilience in infrastructure
management. The unified perspective that InfraKit affords through its integration capabilities sur-
passes organizational borders, supporting sharing and cooperation by the stakeholders. By creating
one data hub which enables data sharing and analysis, Infrakit helps to set apart the lines of demar-
cation and bring all the players together for common goals. It is no longer just about delegating re-
sponsibilities and monitoring results, but instead, it is about working together to improve efficiency,
with the idea of driving innovation, creativity and ultimately, improvement in the practices of infra-
structure management. Furthermore, Infrakit broadens data management ranging from the simple ag-
gregation and storage of data. Advanced technology of its simulation models lays a basis for the
stakeholders to run various simulations on events and determine outcomes, this helps in proactive
decision-making and risk management. Simulating different scenarios allows stakeholders to dis-
cover any hazards and opportunities, subsequently, avoiding risks and improving resource manage-

ment.
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Infrakit's graphical capabilities and advanced image processing provide the backdrop for data man-
agement. With Infrakit's user-friendly and interactive visualizations of infrastructure data, stakehold-
ers are able to better understand and analyze the network's performance and operational status. The
visualizations not only make the more frequent but other functions such as sharing the information
and making common understanding of the multi-dimensional infrastructure problems, As illustrated
in the provided picture (Figure 15). Finally, bringing Infrakitas part of the infrastructure management
of Kerava signifies an important achievement in the way of achieving efficient and effective infra-
structure management. Infrakit’s robust data management capabilities along with its integration with
GIS platforms like ArcGIS Pro offers stakeholders the rights tools and insights trusted to navigate
complex terrain of Infrastructure management with vision and confidence. Being the key player in
the infrastructure management of the municipality, Infrakit’s role cannot be over-emphasized as it
holds the future of the municipality in the palm of its hands. Efficiency, resilience, and sustainability

are the watchwords for its operation.
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Figure 15 Enhanced Data Integration with KeyAqua and Infrakit Sugianto, Hosea, Jabar, Irwansyah
& Fitrianah, (2023)
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5.8.3 Cloud Computing and Deep Learning:

In the era of digital technologies and data surge, data management and utilization are the essential
features of business operations in different sectors. In the field of urban infrastructure management,
the integration of cloud computing and deep leaning methods has brought about new dynamism re-
sulting in Kerava municipality’s ability to use data for improved decision-making, prediction, and
proactive intervention. S3 buckets in AWS are of core significance in this emerging terrain, tailor
made to store the voluminous data that is produced and processed during the different lifecycle
phases. The buckets have some important features such as scalability, durability, and accessibility
that enable them to provide an agile and reliable storage solution for water and sewage network man-
agement. The most relevant data entries to these buckets no longer remain associated purely with
static resources but become sources for proactive research, data mining, prognosis, and prediction.
At the very foundation of the strong regulatory role of cloud computing is the setup of effective user
role management and access permissions masterfully control through AWS IAM (ldentity and Access
Management). In the context of the urban infrastructure management project where data safety and
confidentiality is the key, IAM focus on ensuring proper data access and utilization which are vital in
maintaining security. Defining an authority scope provides the municipality with granular level of
access policies and roles, thus controlling it precisely and accordingly stops unauthorized use or
breach. These reinforced security ecosystems enhance the level of trust of all stakeholders, underpin
an accommodating atmosphere for collective data-driven decision making. The era of Al based on
deep learning technologies comes into being where this feature is paramount for thorough a data
understanding. Through the power of neural network architecture, deep learning algorithms can cover
massive data sets and detect those patterns, correlations and abnormalities which escape traditional

analyzing methods.

Machine learning techniques used in the domain of water and sewage networks are vital as they work
to channel pre-dictive analytics that allow municipalities to foresee system failures, anticipate mainte-
nance needs, and control the local water and sewage network system, as illustrated in the provided
picture (Figure 16). Deep learning allows to augment reactive with favourable preventive measures,
strengthening resilience for urban networks and reducing risks during the time of their operation.
Deep learning extends predictive analytics, which is used in diverse segments of structure manage-
ment. For instance, image recognition algorithms analyze data from sensor networks or surveillance
cameras, detecting leaks, blockages, or structural abnormalities in real-time. As opposed to the ana-

Iytical methods that are used in NLP, textual data is parsed from maintenance logs, customer
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feedback, or regulatory reports to draw out useful insights in order to provide trends. This multi-
modal strategy gives urban infrastructure management a realization of the interdependency of the
complex systems which improves the quality of decision-making and resource allocation. The selec-
tive utilization of on-demand cloud computing further deep learning performance and scale that are
truly worthwhile. Platforms like Amazon SageMaker that are based on cloud give a full-course soft-
ware infrastructure allowing engineers to develop, educate and send models at the scale. Municipali-
ties can harness elastic computer resources to accelerate model training cycles, deal with dynamic
process loads, and respond to growing dataneeds by utilizing compute resources. Furthermore, cloud -
based infrastructures facilitate teamwork and knowledge transfer, allowing municipalities to capital-
ize on prevailing frameworks, learning materials, and models by a flourishing community of devel-
opers and researchers. The alliance between cloud computing and deep learning is not only restricted
to infrastructure management, but also penetrates broader fields like biodiversity monitoring, energy
management, and public safety. Over every one of the areas, the blending of these technologies acts
as a key in opening the way for innovation, resilience, and sustainability to drive the new paradigm

of data-powered governance and urban development.
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Figure 16 information handling, digital transformation, virtual twin, data attributes and sewage water
modelling Nicolai, Vanrolleghem, (2020).
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5.8.4 Operational Efficiency

The use of ArcGIS Pro, Infrakit, and cloud computing solutions has resulted in significant innovation
in operational efficiency in water and sewage system of Kerava. Through optimization of such mod-
ern technologies, many processes that were quite laborious and time-consuming were automated and
facilitated, which positively affected performance, as illustrated in the provided picture (Figure 17).
Among the most notable examples of operational efficiency growth is the speed of data collection,
analysis and decision-making process. GIS Pro platform serves as a effective tool for location analysis

and illustration which allows stakeholders to dwell on dataand make efficient conclusions with speed.
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Figure 17 Optimized Data Processing with ArcGIS Pro, Infrakit, and Cloud Solutions Kanerva,
(2024)

A more integrated operation with Infrakit including a centralized shared platform for data manage-
ment and simulation contributes to these functions. Automation can be done more effective than be-
fore, with the corresponding cloud computing solutions now providing the ability to process and an-
alyze such tasks quickly and precisely. Cloud-based data storage solutions like AWS S3 bucket have
facilitated wide access to the large volume of information, enabling the stakeholders to catch-up with
data swiftly to make informed decision. The automation, for instance, implementing S3 events, and
lambda functions also shows that there is the potential for further automation and process optimiza-
tion in operations. Data files collected and generated through data collection activities can be directly

transferred into designated S3 bucket folders that will then trigger data processing and analysis tasks
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without human intervention. To sum up, the symbiosis of ArcGIS Pro, Infrakit and cloud computing
resources in the water and sewage utility management system of Kerava contributed to the total sys-
tem modernization of the latter. The duties that were once manual and time-consuming to perform
can now be carried out with higher speeds, precision and automation reducing, therefore, time spent

on the tasks and improving employee efficiency.
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6 DISCUSSION

The results analysis of the integration of different technologies and methodologies used to address
the water and sewage network management challenges in the urban environment is focused, specifi-
cally on the city of Kerava. The resulting analysis is followed by the discussed implications that will

emphasise the findings’ meaning, the scope of the limitations, and directions for future work.

6.1 Integration of ArcGIS Pro and Infrakit

The use of both ArcGIS Pro and Infrakit is a significant step forward in the management of water and
sewage networks in municipal environment, especially for the city of Kerava. Such integration has
turned out to be a decisive factor in developing visualization, analysis, and management by giving
stakeholders a broader perception of the infrastructure and simplify data processing. ArcGIS Pro, a
GIS software with robust capabilities for spatial analysis, data visualization, and management. The
unique capability of this system is to reveal 2D pipe data in 3D model form for multiple contexts,
which allows decision-makers to comprehend the integrated infrastructure in three dimensions. This
function is most beneficial for the systems where knowing the spatial dependency of the different
components is a key element in effective management: water and sewage networks, for example.
Using ArcGIS Pro’s 3D modelling capabilities, the counterparties in Kerava received the required
infor-mation about the layout of the network and the locations where there were points collapsed into
one line. For example, engineers can use ArcGIS Pro to detect all the utility pipes under the ground,
see how they are spatially related to other utilities or natural features around them. This capacity
allowed them to determine the critical zones and develop the exact maintenance or interventions
strategies in the next step.

Similarly, the seamless transfer of 3D models and spatial data from ArcGIS Pro to Infrakit not only
enabled a centralized platform for documenting, replicating and data governance of a certain infra-
structure but also facilitated their construction, design and analysis. Asa multi-faceted infrastructure
management tool, Infrakit is equipped with collaborative features that allow users from different de-
partments or organizations to gain access to the information and process the data. This integration
enabled the organisations to reduce operational costs, improve the co-ordination and enhance the

networking through provision of a unified view of infrastructures. The characteristic of Infrakit's
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teamwork, which promotes sharing and collaboration, assisted the involved parties in working to-
gether effectively to accomplish their common objectives. For example, operation, maintenance, and
engineering staff would coordinate workflow on infrastructure projects. They would share knowledge

and expertise to improve maintenance activities decision-making.

6.2 Utilization of Cloud Computing and Deep Learning

The use of cloud resources and deep learning enabled data handling and analytics contribute largely
to the project. The project used the astonishing storage capabilities of AWS S3 buckets to provide for
the large amount of data stored and used during the course of the project. The agility of cloud com-
puting had facilitated the processing and analysis of data in an efficient manner, which led to tasks
like predictive maintenance and detection of anomalies. Unlike traditional risk assessment, deep
learning techniques enable the extraction of value from the data, such as predicting potential failures
in the water and sewage network based on historical data. Through using the cloud’s training and
deployment of deep learning models, stakeholders can effectively address infrastructural problems.
At the same time, applying these methods exposed problems like data quality issues, the complexity
of algorithms, and the need for more computational resources. Overcoming these limitations would
become a key factor in developing models which will be a key role in maintaining their application

for real-world applications.

6.3 Operational Efficiency and Automation

Cloud computing resource utilisation with deep learning technigues have changed water and sewer-
age networks' data-handling and analysis processes. AWS S3 buckets are becoming a fundamental
resource to which a versatile and reliable proportion of datacan be moved, preserving it. Few other
storage solutions can beat the flexibility of the cloud, which allows for storing, accessing, and man-
aging any kind of data of any size or complexity. AWS S3 opens the datacan be shared from any-
where where internet connection is available and the enterprise level collaboration becomes an ordi-
nary fact for the stakeholders of the project. Moreover, the adaptability of cloud computing does not
stop with storage but covers data processing and analysis as well. There is a variety of tools and
services that are offered by AWS cloud computing platforms, and it simplifies work streams associ-
ated with data processing. These tasks include predictive maintenance and anomaly detection.

Through the exploitation of cloud-based resources for data analytics, stakeholders can leverage
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scalable computing resources for efficient handling of data-intensive complex tasks. This attribute
enables users to uncover crucial insights from their data that prompts effective policy and manage-

ment measures across the water and sewage network.

Data analysis methods, like deep learning techniques, such as neural networks, constitute a hot tech-
nology that covers water and sewage network management with promising results. These data-de-
rived techniques will not only provide insights from large and complex networks but also predict a
possible failure in the whole system by processing historical datarecord. Even though deep learning
methods could be considered as the most recent innovation in machine learning, the implementation
of this technique also has its challenges. On the top of the list of challenges relating to data quality is
the issue of dataquality that may jeopardize the accuracy of predictive models a great deal. Predictive
models depend on the accuracy and reliability of information inputs, therefore, in deep learning the
pattern recognition, ensuring the data inputs quality and consistency is critical. Moreover, the incon-
sistency of deep learning algorithms complexity and the large volume of the computational resources
for training and deployment of these models are the main problems forthe stakeholders. The problem-
solving processes have to be very cautious and involve data auditing, algorithm optimization and

proper resource allocation.

6.4 Limitations and Future Directions:

In spite of the substantial accomplishments that have been achieved so far, several limitations and
areas for further improvement should be considered. For example, the scalability and cost-effective-
ness of cloud computing solutions must be done cautiously, and especially as the volume of infor-
mation keep increasing. Besides that, there is still a need to have deep learning techniques such as
prediction models to be proved true and to be relied on through strict tests and validation processes.
In this case, researchers, engineers, and experts from the relevant fields jointly need to have the ability

to improve the models to an ever-greater extent in the future.

In addition, the consolidation of ArcGIS Pro and Infrakit could take the next step through real-time
data streams and sensor data feedsto provide proactive monitoring and management of the founda-
tion. Continual funding for research and developments together with consistent collaborative efforts
with sector stakeholders shall be indispensable for innovation drive and handling emerging challenges

in water and sewage management.
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Finally, the research findings show that the use of developed technologies and methods can improve
upon the management of water networks. Using ArcGIS Pro, Infrakit, cloud computing and deep
learning technologies stakeholders are able to make operational efficiency, take optimum safety de-

cisions reduce risks and maintain the resilience and sustainability of the systems.
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7 CONCLUSION

Finally, the thesis has explicated the complex strategy of water and sewage system operation in urban
environments by drawing an example of Kera-va municipality. Through utilization of these latest
technologies and strategies, such as ArcGIS Pro, Infrakit cloud computing and deep learning, great
steps have been translated into the actualization of the infrastructure management challenges in the
present day municipalities. The implementation of cloud computing services, especially AWS S3
buckets, provides the capacity that is needed for storage of the data used for the project without errors.
This has given various shareholders the ability to store, interface and manage data effectively, the
basis for connection, flow of dataand sharing amongst them. Moreover, cloud computing has made
data processing and analysis more efficient, permitting all stakeholders to uncover useful insights
about their dataand make data-driven decisions on the direction they should take in terms of effective

infrastructure management.

7.1 Improvement of Urban Water Systems by Al and AWS Technologies

Modern algorithms based on the deep learning approach have demonstrated a high competence in
data processing, which allows for multi-varied data to be analyzed efficiently. Through accessing
trained deep learning models through cloud-based resources such as AWS and leveraging them to
predict the trends of the water and sewage network, stakeholders can avoid any leakages or overflow,
which is a function of proactive management. Nonetheless, dilemmas to do with data quality, algo-
rithm complexity and computational resources need to be tackled to achieve accuracy and reliability
in prediction models. Notwithstanding such barriers, the deployment of innovative technologies have
been imperative in enhancing operational efficiency, better decision-making process, and the mainte-
nance of resilient infrastructure. Through data management harmonization, predictive maintenance,
and proactive management strategies, shareholders may mitigate risks, optimize resources allocation,

and boost network performance in water and sewage line.

In the long run, what follows is persistent financing of the research and development, availing a
chance of collaboration with partners in the industry, and being prepared for any innovation that will
drive more changes in the water and sewage network management. Through technology solutions,
the problems and advantages are addressed . Then the basic infrastructures like watersupply and other

structures are built upon for a more sustainable and resilient living city. Inessence, this thesis proves
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that technology plays the role of pathfinder on the course towards a greener urban environment full

of opportunities.

Companies contracting with the municipality of Kerava did not give consent to the implementation
of the proposals that are described in this thesis; in this regard, there may be an option to consider
continuing the research since there are many additional resources and to obtain results and increase
in financial investments in the project is required. To continue research, it is necessary to present the

development so that meets the requirements and expectations of the city authorities.

One option to improve urban water systems is to use modelling and simulation to show the potential
productivity of the author’s suggested solutions. This approach can help argue in as much detail as
possible for my research and convince the municipal leadership to reconsider their decision. Of
course, it is important to actively involve the public in introducing methods through organizing sem-
inars and presentations. This will help increase knowledge about the project's goals and positive so-

cietal impact.
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