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Abstract 

     The existence of water is vital because it is necessary for all living things. Due to their fixed 

and limited allocations, Palestinians currently face a number of obstacles in their quest for 

sufficient and safe drinking water. Many municipalities have water data, but it is not arranged in a 

way that makes decision-making and problem-solving easier. Therefore, all water data needs to be 

collected, edited, and managed to be analyzed and useful information can be drawn from it. 

      Water resource management is the management, development, distribution, planning and of 

water resources to guarantee their optimal utilization. A water distribution network's awareness is 

increasing through the use of GIS. Using water network analysis and GIS, we can locate and 

identify pipe breaks as soon as they happen. In addition to handling all of the data related to the 

sporadic water supply networks in Palestine and other nations. My goal is to locate a system that 

can evaluate Nablus' water distribution system. 

     Data from the study area (industrial zone) were gathered for my thesis. All of the data I have 

gathered were not GIS data; rather, they were converted from AutoCAD format to GIS data, 

which meant that they included many issues that needed to be fixed. Data must be organized in 

order for the developer to perform analysis. I have made numerous edits to the data, including 

defining simple, complex, and connected edges and junctions. Water data consist of Customer 

meters (water destination), Source data, Valves data, and Pipe data (main pipes, House 

Connection pipes). ArcMap software and (GIS) were combined to initialize a water network that 

supports the intermittent supply system. The purpose of the geometric network is to identify loops 

and other issues like finding disconnected or connected network elements, locating disconnected 
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network parts and figuring out how to reconnect them, as well as to perform network analysis and 

verify the connectivity between network components. 

     To get a fair water distribution system, it was necessary to first ensure the safety and 

correctness of the connection of the network components. Secondly, to establish a predicting 

system based on historical data for maintenance operations, this system used C# programming 

language to apply data mining algorithms, and  it used ArcMap software, to apply spatial data 

mining analyses that take into account the exact coordinates of each component and the spatial 

relations of the components around it, in particular the Ordinary least squares analysis, Lastly, the 

network is examined using the breadth-First algorithm and isolation algorithms to identify each 

network component's controlled valve, which the  intelligent system will then propose to close in 

the event that the related component malfunctions. 

     The results showed that the use of data mining techniques and spatial data mining techniques 

in the establishment of a prediction system based on historical data for maintenance operations to 

determine which components may need maintenance. The results also showed that the use of 

visualization algorithms in network analysis makes the system able to identify the controlling 

valve in each element to propose its closure in case the element breaks down; these results help 

save time and money and reduce water loss. 
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Chapter One 

Introduction 

1.1 Historical Perspective 

     Water is essential for everything, and because of development and population growth, we 

must conserve and deal with water resources wisely. Water loss in Palestine is serious, the 

Palestinian Central Bureau of Statistics (PCBS) cited that in 2021, the amount of water available 

in the case study (Nablus) is 14.4 mm3, and the losses are about 5.4 mm3, the percentage of loss 

is about 39% which is a significant proportion. GIS (Geographic information system) is used as a 

query instrument for vast amounts of geographical data, which has become increasingly relevant 

in various sectors such as the water department, telecommunications networks, gas networks and 

transportation. All water agencies need a system to handle all their data , detect problems, 

facilitate the service for the consumers and the suppliers and save effort money and time,  

Because water systems contain spatial data, GIS is considered as the major tool for water 

management. 
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Figure 1: Nablus City [108] 

 

1.2 Motivation  

     In fact, water data has been kept as mere deaf data, which cannot be used for analysis or 

decision-making, which are critical concerns for improving existing water systems and solving 

current problems such as water distribution. There are many severe issues affecting the 

Palestinian water system, including poor infrastructure, Israeli occupation, unethical use of water 

or waste, the consequences of climate change, and poor municipal water management. 

      Network theory is the study of charts, which reflects relationships between separate objects. 

Several factors prompt me to use GIS technology alongside a 3D (3 Dimension) analyst to build 

a coordinated water network. When the network regulates and controls the water system's data, 

we will be able to perform many analyses and make many judgments. 

     Water distribution systems in large cities, in particular, need ongoing follow-up and 

monitoring to ensure equitable access to all users, and to ensure the network's safety and 
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components. Therefore, in this research, we propose a fair distribution system based on advanced 

smart spatial decision support systems. We'll use Nablus city as a case study. 

     Our approach is to propose new mechanisms for prudently managing the water engineering 

system and solving distribution and maintenance problems using spatial and historical data. The 

proposed research methodology is the use of a smart resolution spatial support system that builds 

a special architecture for the engineering network to connect the components of the system 

considering the components' characteristics, water direction and engineering and physical rules. 

GIS is used to model the network, taking into account all components of the network such as 

locations, quantities of water, physical components, etc. We will consider conflicts of interest 

and priorities according to the types of service providers, etc. 

     Each feature is displayed in the water distribution system will be worked on and collected. All 

this relevant data will be preserved and managed in a geodatabase where each type of data will 

be preserved as a layer as a form file in the basic GIS format. The data consists of geometric 

forms and every geometric feature connected to its record in the database as a theme table. 

Layers for modeling water distribution systems are: (pipes, junctions, valves, and meters) 

monthly database of meters (these will all be connected to geographical location). 

     Our approach proposes GIS techniques to preserve, digitize, analyze, manage and visualize 

the layers handled from spatial data, 3D models will be built for the study case area, and the 

proposed model will detect problems and optimal solution with minimum cost and minimum 

effort. The optimal solution that will reveal the source of the problem and the minimum area that 

should be affected and that will be effectively and wisely addressed, photographed and presented 
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to give a better view of the system of equitable distribution of water and the surrounding spatial 

effects. 

     Management of the water distribution network through a spatial engineering network will use 

all analysis methods to obtain important solutions to solve problems of interruption or water loss 

or pipe failure. 

     C# will be used as a programming language for network analysis as a tree structure for 

calculating and managing water and pressure trends. But research will focus on water 

distribution and advanced calculations to find a formula for equitable and intelligent distribution. 

Spatial data mining methods will also be applied to analyze historical data of problems and 

maintenance problems to be able to design, predict and propose smart future plans, and the 

decision support system will rely on machine learning techniques to obtain the final decision. 

       Beside to the ability to monitor, analyze, and manage restructure the network in a way that 

increases the effectiveness of water distribution and smart plans, helping to reduce economic and 

technical loss and maintenance work. 

1.3 Research problem  

     Water management is critical since the demand for water is growing in a variety of human 

and economic activities. This study attempts to leverage current data sources to derive 

meaningful information about the network and user actions. Furthermore, the project will 

leverage existing data on the pipe network to create a model of the network, or at least a subset 

of it, this is to follow the water flow and propose solutions to the problems.  

Data in governments or other organizations such as electricity, telecommunications and 

transportation companies require an intelligent decision-making system. We proposed a concept 
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to create an engineering network for the water department with an intermittent supply system. 

The engineering network helps the water network developer locate all parts connected or not 

connected to the network and determine how to manage them. In case of intermittent supply, the 

municipality strives to distribute water to all regions with the quantity (demand) needed for all 

consumers in order to achieve fair water distribution. The pipes in the municipality vary in age, 

length and diameter; all the above factors affect pipe performance. In ArcMap, we utilized a 

computer model to simulate the water distribution network. The municipality receives 

recommendations from the research findings. 

     Water governance should depend on substantive aspects such as spatial location, 

determination of user behavior (customer meters), pipe network modeling, etc. The Nablus 

Municipal Water Department keeps records of customers' use (individually and collectively). In 

fact, its staff organizes regular visits meters to check the water readings on the meters. 

     Maintenance problems in municipalities are one of the most important problems to pay 

special attention to because they require a great deal of effort to determine the part to be 

maintained without the financial cost and time needed for maintenance and are lost until the 

completion of the operation, which means that water services are interrupted for many 

consumers. This is done using various methods, including data mining techniques and spatial 

data mining techniques that will be relied upon in this research, especially the linear regression 

algorithm and ordinary least square analysis.  

We can formulate my research question as follows: 

Can we rely on data mining algorithms and spatial data mining algorithms to create a prediction 

system that can identify components that may need maintenance based on historical maintenance 

data? 
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Can the system analyze the water distribution network and propose a controlling valve in each 

component to close this valve if the component fails? 

1.4 Contribution  

     Water distribution systems in large cities, in particular, need ongoing follow-up and 

monitoring to ensure that water reaches all users fairly and to confirm the system safety through 

periodic maintenance and repair of any failure of a component as soon as possible (ASAP). 

Therefore, in this research, we propose a fair distribution relied on advanced intelligent spatial 

decision support systems. We'll use Nablus as a case study. 

We assume in this research several hypotheses: 

1 Using data mining algorithms to create a prediction system capable of identifying components at 

risk of failure and requiring maintenance based on historical maintenance data. 

2 We can use spatial data mining analyses to identify and quantify the impact of various 

parameters on analysis results which determine if the component needs to maintenance or not 

according to the maintenance historical data. 

3 The network can be analyzed using the isolation algorithms and the theory graph algorithms to 

determine the controlling valve for each component of the network that have to be closed if the 

component breaks down, which helps save time and effort and contributes to the conservation of 

water from leakage. 

Our solution is unique as it proposes new mechanisms to wisely manage the water engineering 

network while resolving distribution and maintenance concerns using geographical and historical 

data. The proposed study technique is to use an intelligent resolution spatial support system that 

creates a specific engineering network structure for connecting the components of the system 
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taking into account component features, water direction and engineering and physical principles. 

GIS is used to model the network, considering all elements of the network such as locations, 

water sizes, physical components, etc. Conflicting interests and priorities will be considered 

based on service provider type, etc. 

     The data of each feature of the data is stand for in the water distribution system will be 

gathered and worked on. All relevant data will be recorded and stored in a geodatabase, with 

each type of data preserved as a layer in the form of a file format in a basic GIS format. The data 

consist of geometric forms, with each geometric feature attached to its own record in the 

database via the attribute table. Pipes, junctions, valves and meters are the layers used to 

represent water distribution systems. Monthly database of meters (all of this will be connected to 

the geographic location). 

     GIS approaches are provided for the preservation, digitization, analysis, management and 

visualization of the spatial data layers addressed. 3D models will be created for the study case 

area, and the proposed model will detect problems and propose ideal solution with minimal 

expense and work. The optimal solution will discover the cause of the problem and the smallest 

area to be affected, this solution will be presented efficiently and intelligently to provide a clearer 

perspective on the system of equitable water distribution and the surrounding spatial impact. 

     Water Distribution Network Management will apply all analysis tools to get useful answers to 

problems for example if we have a pipe failure a number of users will automatically be deprived 

from water. The system will anticipate the failure process as accurately as possible to try to 

handle it in advance, and in case of unexpected damage, the repair will be done as quickly as 

possible and alert affected users. 
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     The network will be analyzed as a tree structure using C# programming language in order to 

calculate, compress and regulate water trends. To find a formula for fair and prudent distribution 

and ensure the integrity of the network and its components, research will focus on water 

distribution and complex calculations. Furthermore, historical data on challenges and 

maintenance issues will be examined using geographical data exploration techniques to model, 

predict and advise on prudent future plans. To make a decision, the decision support system will 

use machine learning courses. It can be used to monitor, analyze, reorganize and rebuild the 

network in a way that promotes intelligent planning and effective water distribution. It also helps 

reduce technical and financial loss as well as maintenance work. 

     The Nablus Water Service's engineering network integrates all aspects in a rational manner. 

Feature categories form the engineering network. Feature categories are a set of geographical 

features with the same geometry and species. All features in the same feature category have the 

same attributes, so in ArcGIS we can inquire and choose a particular field based on a particular 

property or the result of a particular hydraulic model. We modify current formats and build 

topological links between water distribution network feature categories relying on the test of 

basic aspects of current data. The hydraulic model used to simulate the function of the actual 

water distribution network of various components in the intermittent water delivery system. 

     Spatial analysis tools will be relied upon by ArcMap to analyze data and establish a prediction 

system to contribute to the solution of maintenance problems. ArcMap program contains a 

number of spatial statistical analyses, including what depends on time such as space time pattern 

mining tools, and what derives from modeling like spatial static tools, measurement and many 

other tools and analyses that facilitate the organization of control, modeling and analysis of the 

components of the network and the rules of association of its components. 
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As for the C# programming language, it will be relied upon to analyze the network, conduct data 

mining for one of the mining algorithms, utilize it to create an expectation system, show results 

on the network, and be used to create desktop applications, user interfaces, and others will be 

mentioned later. 

      Using spatial data characterized by the distinctive structure of the study area (industrial area 

in Nablus City) after its processing and the establishment of an integrated geometric network, 

consideration is taken of spatial attributes such as location, component size, size of elements 

compared to each other, height from ground level, distance between them and road, etc. 

     This proper and coherent network is an integrated system so that each element is aware of its 

function and qualities and the functioning of the system is the integration of the functions of all 

components. Topological rules are applied to ensure the proper integration of the system so that 

we get a network documented spatially with precise coordinates of each component. 

     We built a tree structure of data within this network by identifying the main root and sons of 

each father and by doing so; we can identify the controller of each component and determine the 

direction of the water flow in the network so that the process of spatial data analysis becomes 

easier, more accurate, and more effective. 

     The analysis and decision-making process was based on a number of AI algorithms with the 

aim of harnessing computer science in general and AI in particular to analyze spatial data and a 

decision-making industry related to the network system for genuine integration between GIS 

science and computer science. A number of network services like viewing the map, handle the 

components, include a prediction system for components that may need maintenance using data 

mining algorithms and a network analysis system using visualization algorithms to construct the 
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tree structure of the valves and identify the controlling valve for each component to be proposed 

by the intelligent system to be closed if the element breaks down, and so we have proven the 

hypotheses valid and achieved the objective of the study. 

1.5 Study Area 

      Nablus is located between Gerizim Mount 881 masl (meters above sea level) in the south and 

Ibal Mount (940 masl) in the north It is also referred to as the Queen of Palestine and Little 

Damascus. Geographically speaking, Nablus is the most industrial and commercial city in 

Palestine and one of the most populated as well. It has a population of about 384,900. Nablus is 

situated in the West Bank's northern region. Its limits are shown in the figure 2 below. The 

average temperature is between 6.2 and 29.4 degrees Celsius. Nablus has a hot dry summer and 

mild wet winter. According to the Nablus meteorological station, the annual average rainfall in 

the city of Nablus ranged from 1975 to 2023 between 350 and 1200 mm. Well Ras al-Ayn, Ayn 

Dafna, Al-Quriyat, Dir Sharf, Ayn Beit 'a, Ayn al-Asal, Beir al-Ba'dan, Beir Sebastian, Beir al-

Fara 'a, and Beir Udala are the city's primary water sources. I did my research in a certain zone. 

The zone is a part of the city of Nablus which is known as the industrial zone. 

    The city suffers from scarcity of water and resources. The basic idea behind the water problem 

in the city of Nablus is that as the population grows, demand increases, yet new resources are not 

generated to meet the city's demands. Nablus is the economic center of Palestine and one of the 

Palestinian cities built around 3600 BC. It has an area of 85 km2. 
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Figure 2: : (b) Nablus City and (a) its boundaries [108] 

 

1.6 Usage software  

     I used a computer with an Intel® Core (TM) i7-6500U CPU, 8GB of installed RAM, and a 

64-bit operating system. ArcGIS 10.7 was used for data handling and analysis and the 

establishment of the engineering network that logically connects the components of the water 

distribution network. ArcGIS 10.7 via the ArcObject SDK (software development kit( to build 

and customized GIS applications ,I used ArcScene as hydraulic modeling software, ArcMap used 

to visualize data and build the network properly and control it and perform statistical analysis . 

     The desktop application was constructed in its entirety using the C# programming language 

via Visual Studio 2022, and data mining using the linear regression algorithm was performed. 

Excel has been used to save process and clean data. Excel 2010 has been used from Microsoft 

2010 package. 
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1.7 Methodology 

 

     Personal and informal interviews were used to identify diverse needs and perspectives on the 

subject of my study in order to achieve research objectives. I identified my study problem using 

the results of these interviews, as well as reviewing literature in an objective area. The 

information obtained from these interviews was examined to help me achieve my goal. The main 

benefit of data analysis is that it helps to organize, understand and simplify the data obtained. On 

the other hand, I got results proving some data inaccurate and some important data missing. Data 

analysis helps me structure the acquired data in a way that meets the requirements of my thesis. 

Brainstorming, current scientific knowledge (methodological literature, past work and related 

function), and the industrial environment are all part of the first step of my research. It gained 

new information, identified a topic, research strategy, and a goal to study based on preliminary 
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data collected from books, the Internet and related materials, as well as other data sources. The 

second component included topic analysis, learning the GIS concepts we used to achieve my 

study's objective, and then choosing Nablus water management as a case study. Preliminary 

statistics of Nablus water management have been collected. All data obtained contain many 

problems to be solved, updated and controlled. It was difficult to determine the study area and its 

components associated with the water system, as well as to correct current data inaccuracies.  

      We need to produce a large number of shapefiles, including pipes, meters, water source and 

valves. The water source, valve, water meters and all the point features are under the point 

feature data type category. Then, with all shapes, which include main pipes, house connections, 

valves, sources and customer meters, we must build a relationship between them, such as 

topology and connection. Therefore, we use the engineering network, but it has a number of 

problems, such as incorrect water distribution, water stopping in some places for long periods of 

time, and breakdown caused by damage to a physical component of the network. Therefore, 

using GIS and Excel software, we must prepare each customer's spatial data and track source-to-

consumer water flow to ensure access and safety of pipelines and valves. 

     Network topology is the physical form of the network. The method of passing information 

between nodes is known as logical topology. Topology in GIS describes how categories such as 

point, line and ribbed engage in engineering. For example, it takes into account the connection 

between the water pipe and its associated control valve. The industrial zone was selected as a 

residential area based on the credibility of its statistics. As a result, the focus of the study will be 

on it. The third step involves the use of GIS capabilities to manage, modify and generate 

additional required formats and the engineering network. The fourth and last step is the creation 

of an intelligent system based on spatial data After it is represented and ensured that it is 
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properly connected, the data is processed and joined by a spatial join tools and cleaned so that it 

is ready for analysis, The system becomes capable of analyzing data based on data mining 

algorithms and techniques and spatial data mining and proposing appropriate solutions taking 

into account all spatial data. And then create the desktop app that shows the network and the 

results of the analyses. 
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Chapter Two 

State of Art 

2.1 Water supply system 

     Water is essential for life and industry, including agriculture, industry and local consumption. 

Aquatic knowledge is necessary to understand how water and humans interact. The water supply 

system consists of hydrological components designed to provide water. The percentage of 

freshwater is 3%, the rest is saltwater. Many issues affect the supply of this resource in Palestine, 

starting with loss, pollution, infrastructure and Israel's occupation of current water supplies. 

      Water problems affect each country's environmental and economic situation. In Palestine, we 

suffer from poor water distribution; in 2021, 14.4 mm3 is Nablus' total supply resources. Aquatic 

knowledge is necessary to understand how water and humans interact. Many reasons, like 

population expansion and global climate change, contribute to the global water issue, requiring 

prudent management of water resources. Water resources engineering deals with the design of 

systems to manage water distribution systems regarding planning, time, quality and various 

water volumes that must be provided to different regions in order to give citizens the sufficient 

amount of water with the least amount of waste. All of these items should be checked in all areas 

where we may have inadequate or excessive water, and may be placed in the wrong place. Water 

resources may be dirty or expensive; Information about water resources must therefore be 

collected and stored for use in monitoring and managing water systems. 

    Several studies have been conducted to manage, monitor, and control all elements affecting 

water supply, treatment, and distribution. Limos and others use a life-cycle assessment (LCA) 

approach to examine urban water systems. Takes into account all stages of treatment, such as the 
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abstraction, treatment, distribution, and management of water. The quality of the data used in this 

investigation is classified into three levels, Data of the highest caliber: electricity, water and 

wastewater flows consumption through sewage collection, water distribution, and during the 

stages of administration, fuel consumption in the stage of administration, and pipe consumption.  

The following data have a medium quality level: outputs of N and P in the wastewater that has 

been treated; outputs of sludge (overall weight of wet without composition); outputs to the 

landfill of inert waste and fats; and electricity utilized for treating and abstracting water, and the 

stages of the WWTP; inputs of lime, CO2, chlorine, and sodium hypochlorite. Poor-quality data: 

inputs of polymers and ferric chloride, N and P contents in the sludge, and emissions of CH4 and 

N2O.They investigate the effects of each level of water treatment. [5] 

     GIS is a spatial database containing all locations and distance measurements, as well as a lot 

of other information for each feature. It is used to create maps, which is an effective means of 

communication. Geographic Information System (GIS) provides a database of features used for 

reporting and detection of relationships between features. It is used to make judgments and 

choose the best options. GIS has different uses in water resources engineering, starting with 

watershed identification and presentation of location and geographical data, as well as watershed 

characteristics such as percentage rainfall and land-use change. GIS stores a range of 

geographically referenced map layers. Each set of maps is presented in a dataset and devoted to 

common projections. Class is the name given to each map. Class is a chip depicting a particular 

component in a given area, such as a political boundary layer or a road layer. [6] Water sources 

such as tanks, main distribution devices, fittings, faucets, systems valves, pump tanks, treatment 

plants, and side devices such as home and service delivery, are all part of the water system. All 

running pipes are fed by main distribution. They are used to deliver water to end consumers. 
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Fittings are used to join different pipe sections of the water system. In the water system, valves 

are used to manage and control water flow. As a result, each type of data in the water system is 

represented as a layer in GIS software. 

2.2 Related Work  

     A person often faces many difficulties, concerns and challenges that require support and aid 

in addressing and responding to them. Decisions must be made. For example, the urban planner 

may be asked to choose the ideal location for a new urban assemble. The farmer must decide on 

the most important features. Soil in private agricultural sites, traders faces the dilemma to open a 

new store in order to maximize profits [2] GIS improves spatial thinking skills by providing tools 

for the integration, presentation and   evaluation of data [3]. 

     The advantages of using dual digital technology in the water distribution system were studied 

in [4]. This study looks at the digital transformation that will be implemented in water 

distribution networks (WDNs). The qualities of smart water management were evaluated through 

the use of a case study that was realistic, i.e., the results of the use of Digital Twins (DT. A 

district-level measured area in Lisbon's water consumption system was selected as a case study. 

Due to a combination of SCADA, GIS, and smart sensors technologies, real-time monitoring of 

digital twins leads to rapid loss or recognition and repair, allowing for significant water savings. 

This has huge benefits, including reducing water loss and operational costs, as well as fewer 

social and environmental implications. The DT application was simulated by running an 

optimization technology to find the best valve regulations to reduce water loss within the 

examined network. When leakage is found, the need for improvement develops, and it is 

necessary to have a way of restricting the amount of leaking water. Once the leak is detected, it 

can take several hours to search for the best settings section, along with intervention. According 
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to these results, the total leaked volume declines from 1498 cubic meters every day to 1272 cubic 

meters every day, resulting in 15% savings. According to the results of this study, the potential 

benefits of digital twins in the field of water for digital transformation and enhancing system 

effectiveness are enormous, benefiting the water economy immediately, increasing customer 

experience, providing improved maintenance and environmental safeguards. DT technology also 

allows to predicting demand during peak demand, improving pressure and flow control, and 

greatly enhancing the flexibility of operation and system reliability. Furthermore, it should be 

noted that the substance DT has made a permanent home in the WDS area. Many water 

companies seek to build and maintain the water distribution system as a secondary target, but it 

is not a simple process. However, the data and technologies available today make this possible. 

This paper describes Global Omnium, GoAigua, and UPV's efforts to achieve this goal- being 

one of the primary facilities to be linked to DT to be Key data sources for companies. The many 

advantages ensure that they become common in some of the most advanced urban areas. 

GO2HydNet software may generate a complete hydraulic model of data saved on the company's 

extensive data platform, which collects data from GIS, AMR (Automated Meter Reading), 

CMMS (Computerized Maintenance Management System), and field sensors. Algorithms have 

been developed with the aim of maximizing efficiency. As a result, a comprehensive model can 

be GO2HydNet with 325,000 knots in less than a minute. Hydraulic simulation loading 

techniques are designed and implemented from data collected in the field, as well as successfully 

prepared and filtered. DT enables you to replicate any previous scenario as well as simulate 

immediate conditions and receive expected future progress. However, there is still domestic 

work to be done. At present, the comprehensive model and the strategically intensive model are 

not connected. More work is needed to develop an automatic mechanism to link both models. 
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Furthermore, water hygiene model has not been updated, or even it hasn't been created yet. As 

WUs (Water Utilities) are increasingly concerned about managing and promoting water-related 

issues, it is important to take advantage of the potential benefits of the DT quality model. [13] 

     In this study they examined the hydraulic efficiency of the Yika Abadu water supply area in 

Addis Ababa. Analysis of the system's capacity in 2021 and 2044 for a continuous supply 

scenario shows that the system met capacity requirements in 2021 but will be limited in meeting 

future need in the study area as demand for flow increases significantly between 2021 and 2044. 

According to the results of the typical study, the flow requirements in the network increase 

significantly from 285 to 1024 liters per second. Negative results for 2044 indicate that demand 

will exceed the system's capacity. The sheer volume of flow going through each pipe is the root 

of this issue. Since the flow is directly related to the loss of the pipe head, the increased flow will 

raise the loss of the pipe head. Extending the system may be one of the solutions to the problem. 

the device would lessen each tube's individual flow, reduce head loss, and stabilize pressure [7]. 

    They investigated the usefulness of the family profile and individual comments to improve 

decision-making on water use in this study report [8]. Their research recommended the 

establishment of an individual recommendation system relied on data collected by multiple 

sensors planted in different features of homes, with a particular focus on water outlets such as the 

basin (cold water), sink (hot water) and toilet. The deployment of an (artificial intelligent) AI-

driven recommendation system employing two strategies: collaborative filtering and with rule-

based proposals has proved very useful in providing feedback relied on consumption patterns 

seen in similar households. One important outcome of their study was the identification of 

families using water more than similar families. This determination allows the rules-based 

system to make personal recommendations, like replacing leaky taps in basins in bathrooms, to 
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reduce excessive water consumption. On the other hand, External incentives can be used to 

encourage low-use families to continue their water-saving practices, which will form the focus of 

the future study. In addition, they are aware of the possibility of expanding the system to assess 

the effectiveness of the advice provided. As a result, the dataset may be extended to train 

different machine learning techniques and offer suggestions to additional families. Continuous 

analysis of data, improved rules based on experts' factual knowledge, and interactive user links 

are needed to improve accuracy of outcomes and respond to changing household consumption 

trends. [8] 

    This research report introduces the Android app and a LoRa-based (Long Range) platform. 

When installed in fields at different agricultural sites, the prototype displayed is adept at 

monitoring crop factors. For an effective intelligent farming method designed to monitor and 

control environmental ingredients in agriculture, we used the LoRa module link. The low-cost 

system that is constantly proposed tracks accurate statistics and sends them to farms via the 

Android app. The results that show the proposed structure also support it, as rapid use and 

supervision of all farm sites are made possible by the availability of real-time information. The 

proposed system also provides for an automatic adjustment of irrigation and environmental 

parameters by introducing wireless data transfer capabilities into the intended application. [9] 

    The implementation of an intelligent global system in agriculture may help farmers achieve 

sustainable development goals by improving their financial position and increasing agricultural 

yields, which will result from the widespread implementation of the proposed system. Future 

developments may allow the expected automated system to be integrated with Sharma's strategy 

and others with the help of drones [10]. Moreover, a different thermal imaging camera can be 

used to monitor the farm, as can drone technology. With the help of a drone a liquid spraying 
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tank can be used to spray insecticides in the affected area of the crop farm if the pest feeds on 

crop leaves. 

    This study examined [11] sources written by magazines and indexed in Scopus databases from 

2000 and 2021 that included relevant publications on RFID (Radio Frequency Identification) 

technology and decision support systems in the context of Industry 4.0. More research should 

focus on how to improve other associated technologies, like (internet of things) IoT and artificial 

intelligence, for supply chain performance. The review covered a variety of topics, such as 

organizational strategies for the adoption of new technologies, such as RFID, equitable growth, 

contemporary methods, the IT approach for the design and management of the supply chain, and 

other advantages of RFID and Industry 4.0. The results reveal potential savings of up to 84% of 

total transit time and late time, as well as a nearly 60% decrease in the time required to supply 

materials, which generally improves the efficiency.by of about 80% of the supply chain. RFID 

has proven itself as a global technology that provides industrial benefits and has seen widespread 

use across industries, especially health care supply chains. This study made recommendations for 

improving the efficiency of supply chain operation while reducing expenses associated with the 

deployment of RFID technology. The paper's main contribution is its analysis and assessment of 

the various RFID implementation techniques in supply chains in order to save time and cost 

efficiency. The focus of this study is limited to investigating the impact of RFID on supply 

chains. Future research should look at the interaction between RFID-IoT and the physical 

internet, as well as whether real-time data processing may continue to improve supply chain 

decision-making. 

    Coagulation and flow are among the most well-known actions in water surface treatment to 

eliminate colloidal debris and turbidity. The clotted dose should be adjusted based on logical 
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criteria by operators. Manufacturers are interested in improving chemical components and 

energy consumption to remove high-efficiency turbidity. As a result, they need reliable and 

sophisticated patterns and techniques to examine glamour and clotting behaviors. A correlative 

analysis of both the inputs and the results of the water treatment process were conducted in this 

paper. The amount of iron chloride introduced into the water was one of the inputs. The results 

included the outlet's turbulence and the amount of energy spent on the procedure. To systematize 

this practice, the Integrated Financial Information System (IFIS) model was used. The large 

determination factor (over 80 %) indicates a coherent relationship between inputs and outputs. In 

the last phase of this project, Petri Net modeling is used to apply (decision support system) DSS 

at wastewater treatment facility. According to the technology given, each smart order is 

associated with turbidity changes via Petri Net modeling. Based on the detected DSS, the 

additional coagulation component (iron salt) should be set at, 60–85, and 40–60 kg/day as higher 

as and lower than inlet ruffle values. In general, the main benefits of their ANFIS (Adaptive 

Neuro-fuzzy Inference System) model are its excellent accuracy and strength, while the main 

downside is its long calculation time. It goes beyond indicating that there are multiple proposals 

to improve the study's impact on future studies. First, more elements related to water treatment, 

such as employment opportunities and social justice for workers, can be examined in our model. 

Another good idea is to apply the concepts of improvement and uncertainty to our water systems. 

Finally, in order to enhance the effectiveness of their ANFIS model, alternative programming 

approaches such as genetic algorithms and adaptable research methods can be recommended 

[12]. 

    This research [14] showed the usefulness of smart agriculture in boosting agricultural 

productivity and increasing it to help close the food need gap. IoT is the core of smart technology 
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for agriculture because it connects every aspect of smart systems, not just those in agriculture. 

However, there are additional requests. With regard to the IoT in agriculture, it can be used in a 

variety of disciplines, like farm monitoring, irrigation, pest management, harvesting, etc. IoT 

connects different sensors to processing units, analyses data, and makes appropriate decisions in 

real time. This paper examined the integration of IoT with drones and robot systems operated 

using AI approaches, as well as the limitations of their implementation in underdeveloped areas. 

In recent years, achieving SF (smart farming) performance has been linked to fast data 

transmission. As a result of its very high speed compared to first-generation networks, 5G 

enabled smart farming and provided flexible and effective solutions. The use of smart 

agricultural equipment benefits developing countries, including some Egyptian roads that reflect 

the beginning of this proliferation. Technology can help those countries expand their agricultural 

sectors and achieve agricultural sustainability. Lastly, governments in third-world countries must 

promote smart technology at the small farm level while striving to boost production while 

promoting effective of land and water resources management. 

The need to provide expensive resources and prevent the effects of spills has led to an increase in 

the field and industry of study devoted to locating pipeline leaks [15]. Immediate identification 

of leaks can prevent large gas leaks, water leaks to the ground under highways and sewers, and 

infrastructure damage. Avoid harming the environment around you, as well as saving money. 

The ILP system (Identification, Localization, and Pinpoint) divides leak detection into three 

steps, but this method is thought to be unclear, so a new approach, the ILP system, is proposed. 

The ILP method defines the boundaries between research areas. The first step is identification, 

which determines whether leakage occurs or not and distinguishes leakage data collected from 

additional data sources. They can also locate and localize the place. But dynamic leak detection 



24 

 

 

systems are used to confirm leaks by deploying devices and workers to suspected locations. This 

method gives a quick clarification of the leak and accuracy determination, but allows for 

increased leaks if the reaction is delayed. The best practice right now is the combination of the 

two systems, where the fixed system provides initial detection and the dynamic system, on the 

other hand, provides localization and accuracy. Fixed leak detection techniques will be able to do 

the entire ILP within seconds, according to studies in the fixed detection sector. With regard to 

technological applications, the topic of identifying leaks in pipelines is expanding as new 

technologies are always developed to explore more rapid and effective aspects. The profession is 

likely to expand further as demand grows in the water and gas systems industries. 

       In the management of underground facilities, the storage of data in two-dimensional form can 

be difficult, there is no single database, and data records are inconsistent. The majority of facility 

cases are unknown to managers. As a result, the decision on maintenance and inspection of 

facilities is ineffective. All obstacles can be traced back to the lack of a unified platform for 

storing, analyzing, managing, and updating information. Based on the combination of the 

building information model and GIS, this study [16] established a common structure to facilitate 

facility-level facility management and spatial network components. The integrated BIM-GIS 

(Building Information Modeling) framework is implemented by mapping IFC (Industry 

Foundation chapters) and CityGML (City Geography Coding Language). As the current IFC and 

CityGML lack entities, the standard utility data model has been created to serve as a reference 

for the expansion of the IFC and CityGML Utility Network ADE (Application Domain 

Extensions). Data model entities are used to show data from five major categories: First network 

data, Second component information, Third engineering data, Fourth status data, and Finally 

miscellaneous data. The facilities' data model is being developed. Relied on the data involved 
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and needed at various stages of the facilities project, including the semantics and engineering 

data required for the design of facilities and the inspection data and status required for the 

maintenance of facilities,. The applicable utility model also includes references for the creation 

of the important Database Management System (DBMS), which stores and updates all relevant 

information. By integrating BIM and CAD (Computer-Aided Design), rich and useful 

information can be distributed. GIS, the integrated platform, may assist in the management of 

facilities in several ways, including assessing the situation, assisting in decision-making, and 

influencing the perception of facilities. A case study has been conducted to show how the 

suggested framework can be applied. The functionality of the existing framework was verified 

by introducing the system to possible users and gathering feedback from them through scanning 

and in-depth conversation, the results of which supported the completeness and usefulness of 

their proposed framework. The utility degradation model was not fully built and tested because 

of the lack of long-term historical utility data. More will be added in the future. The system 

designed to collect historical inspection data will be used. The basis for the development of the 

underground facility degradation model is that the potential for collapse can be assessed in order 

to achieve the maintenance of predictive facilities. 

     As people become aware of the necessity of water and the need to maintain its near-depletion 

sources, a number of solutions and systems have emerged, such as [17]. It proposes a framework 

for the design of a multi-standard system to support spatial decision-making aimed at 

establishing a link between the subject area and the evaluation area. Its methodology is based on 

creating a network model and selecting the highest-priority characteristics for building links.  

     Monitoring and decision support systems were most needed in particular, such as monitoring 

systems and the scheduling of irrigation [18]. This idea emerged in the 1970s to make the 
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irrigation process more effective. Irrigation water management is required on farms due to the 

use of a computer to link water quality conditions, soil, and crops. It can be used to analyze and 

determine the amount of water needed and the time to be given thereafter. 

     Understanding the concept of water loss is the first and most important step in its 

management and control journey [19], which is why it provides strategies that support good 

understanding. 

To reduce water leakage and loss, this research [20] provided a methodology for analyzing water 

distribution and simulating its screening process using the genetics algorithm and MATLAB 

software. New tools and methods were used in the form of advanced hydraulic simulation 

models and improved, resulting in a reduction of 73% of actual leakage calculations. 

     The water distribution area was not the only one designed using GIS. It was stated in [21] that 

the use of GIS infrastructure and applications in electricity distribution systems. They developed 

an application on how to perform automatic reporting in the GIS environment with county 

integration and used the C# programming language. 

       In [22], the authors review the models and decision support systems that are currently in 

place at the basin level for the distribution of public water supplies. They also offer real-world 

examples and conduct a thorough literature review on the ideas that arise from the definition of 

integrated water resources management. They have considered two environmental concepts in 

this study: sustainability and managing water quality. The use of the decision support system has 

expanded to include energy distribution. One of the main challenges in energy informatics is that 

electricity supply must be balanced with demand at all times. This, in addition to balancing 

manufacturing between demand and purchase, has become a powerful challenge between 

decision support systems and human decision-making capabilities. 



27 

 

 

      In [23], the authors propose a new model-based decision system to strengthen operators' 

manufacturing or procurement decisions under different levels of data quality in terms of 

availability, detail, and timeliness. The research indicates a saving of up to 40% in cost 

adjustment to support the ambitious municipal development efforts we study in our realistic 

assessment. 

     In agriculture, there is fierce competition in the agricultural digital data market, and although 

farms are the key element in data collection, their presence remains weak. In [24], they 

conducted the study on a data platform that can be developed, deleted, and added to, even for 

small landowners. They have selected the fruit and vegetable industry in Spain as their case 

study, and their goal is to develop a multifaceted, multi-layered platform under the guidance of 

the theory of superior governance. In order to obtain efficiency, transparency, and good results, 

decision support systems and tools are used to help farmers make better decisions. 

     A qualitative shift is occurring in the management of water resources. This shift requires 

sufficient effective techniques to ensure good results. Therefore, studies are needed not only for 

intelligence department but also for assessing the available tools and integrating them with 

existing management models. This thesis [25] provides a decision support system for supply 

networks that helps managers make decisions on the basis of objective information rather than 

intuition or experience. In general, open source software and hardware are used, and the 

development of this thesis should be emphasized. They are permitted to use the approaches that 

water companies have suggested thanks to this particular feature. Regardless of size or financial 

resources, the entire system is only part of it will be adapted for the company's operation. 



28 

 

 

      In [26], authors proposed a system of spatial decision support for geographical disaster 

management. To take advantage of the benefits of geospatial techniques in disaster management, 

despite the significant challenge that remains in aligning sources such as data algorithms due to 

gaps such as knowledge gaps and network gaps, this approach aimed at supporting disaster 

management through the integration of geospatial resources and mission chains. This approach 

has been implemented as a geospatial platform in China that provides effective and timely 

responses to natural disasters. 

    Monte Carlo's approach to this work [27] has been used to address the problem of 

improvement. It was implemented in the UKE laboratory network (University Medical Center 

Hamburg-Eppendorf.). In addition, three mathematical models (EPANET, the AZRED model 

based on Romero-Gomez and Choi formulations, and EPANET-DD model) were considered to 

see how they could influence the best position of water quality sensors in terms of detection 

probability, detection time, and redundancy. The following examples highlight the research 

paper's accomplishments: 

1- Sensors were placed in places with high Reynolds numbers, where flow systems are usually 

instable and transitional, whenever adjective technology is used to address the improvement 

problem. 

2- Using distracted AZRED technology; sensors were placed in a linear manner and covered the 

majority of the network. 

3- The EPANET-DD model performed a 95% probability of detecting contaminated events, a 

70% frequency, and an average detection time of about 9 minutes. 

4- Whatever model is used to solve the improvement problem, different configurations of the 

sensor location are achieved, as a result of the different detection efficiency of the target 
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functions. The parameters determined by the adjective model, for example, are much lower than 

those obtained through the dynamic dispersion model (EPANET-DD). 

   The purpose of this study [28] was to consider the spatial distribution and gates of nitrate and 

fluoride quantities in Behbehan's drinking water distribution network, as well as associated 

health risks. From 2018 to 2019, their focus was calculated through sensitivity analysis and 

Monte Carlo simulation. The current investigation determined that the maximum and minimum 

levels of nitrate and fluoride in the study area were 26.5 and 1.39 mg/L, 7.2 and 0.36 mg/L, 

respectively. Furthermore, the average concentration of nitrates was higher during the rainy 

season, than during the extraordinary winter. Nitrate concentrations across the North, South, and 

Southwest decreased, according to the zoning map. In Behbehan, the largest and lowest volumes 

of fluoride in water-based beverage sources were 1.39 and 0.36 mg/L, respectively. During the 

low rainy season, the average fluoride content in the study area was higher more than during the 

rainy season. Furthermore, three samples (6.7%) and two samples (4.4%) showed fluoride 

contents below the minimum during the low rainy season. Fluoride concentrations decreased 

from north to south during the heavy rainy season. The headquarters produced by ion fluoride 

were larger in children than in others. During the rainy season, nitrate headquarters levels in the 

groups investigated were 0.5, 0.4, 0.34, and 0.07 for children, adolescents, adults, and infants, 

respectively. Nitrate ions 95 P and nitrate-induced fluoride remained greater than one in all age 

groups, showing that nitrates and fluoride do not pose any cancer risk to 95% of the population at 

the research site. 

    Evolutionary algorithms for improvement seem to give superior results, albeit at a much 

higher computing cost. However, determining the amount of time required to reach an optimal 

solution is difficult. The dual characteristics of 100 ideal WDNs from Pareto, especially the path 
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of improvement from random solutions to optimal Pareto solutions, were explored in this paper 

[29] for three separate real-case studies (a total of 14,300 design solutions). The improvement 

was implemented using a multi-purpose design technique, with each case study reaching 500,000 

generations and an average community size of 100 individuals. Two topics are being studied: (1) 

what constitutes the characteristics of the global development networks' optimal dual chart, and 

(2) when and how the important phase of improvement is achieved and in what way this can be 

assessed. A dual graph technique has been created that uses diameter as a generalization model 

to distinguish between the optimal and non-optimal approaches to design global defense 

networks. Dual features are thoroughly explored using a 14,300-point dual graph to find aspects 

of ideal WDNs and assess whether dual properties can be used as a measure of how close 

existing optimal solutions are. The total number of double nodes in double charts decreased as 

one approached ideal solutions. The distribution of global development network requirements 

identifies the smallest possible number of twin contracts. Flow categories resulting from the 

demand edge between central (dEBC) have been found to be a good indicator of the lowest 

possible double node score in the improvement process. As a result, the dual version of the 

primitive chart can be used to determine whether an evolutionary improvement method can 

produce superior results. As a result, the number of double nodes with a lower value attainable 

based on demand distribution characteristics (dEBC) can be seen as a measure of the progress of 

the improvement approach and can be applied to the evolutionary improvement of global 

development networks to improve this technology. The proposed method does not add any 

significant computing expenses and can be applied to any assembly engine used to plan the water 

distribution network. However, when other goals are added to the less network structure-based 

improvement strategy and order distribution, the (dEBC( scale may become less effective, 
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requiring additional research. The dual mapping method can also be useful in determining the 

effectiveness of search engines during the improvement process. For some generations in this 

study, the range of possibilities was somewhat limited at the beginning of the improvement 

procedure. A future study in this area could focus on a systematic analysis of the effectiveness of 

research operators using the proposed dual method. 

2.3 Geographic Information system 

2.3.1 Definition of Geographic Information system 

  

    Freshwater is the second most vital resource in human life after food, and access to drinking 

water is a human right. The difficulties of accessing drinking water affect people's standard of 

living throughout the world, and in Palestine, we suffer from water loss. Statistics from 2021 

reveal that 5.4 mm3 of the total supply resources were wasted in Nablus. GIS is a type of 

information system that collects, stores, verifies, manipulates, analyzes, and displays data that 

specifically refers to Earth. [30] [31] Dr. Tomllinson published the first recorded use of the word 

GIS in 1968. [32] Tomllinson is often seen as a "GIS parent." In the early 1960s, he established 

the first computer-based geographic information system for use by Canada's land inventory. His 

efforts in the GIS sector earned him the Canadian government's highest civilian award. "He 

pioneered its use around the world to collect, manage, and manipulate geographical data and 

change the face of geography as a system." [33] GIS facilitates spatial analysis by 

conceptualizing sites and items from different fields of study, such as modeling the complete 

cycle of the water supply network from its originator to its dwelling. GIS provides an interface 

for spatial data analysis and calculations, as well as users' ability to ask questions and receive 

responses. [34] Because of the diversity of uses and discrepancies in defining the system's 

objectives, there is no single definition of GIS. It is a computerized map that is associated with 
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databases that enables us to add, delete, and change data, as well as carry out search operations 

and analysis to make the best judgments. 

    GIS is a robust web and information interconnection system. It is a powerful data visualization 

tool. In [35] the data is classified into two categories: metadata and spatial data. Metadata 

provides descriptions of features related to feature category characteristics, it’s separated into 

tables.  Spatial data is a description of the location, shape, and coordinates of geographical 

features. It connects relationships with each other. Spatial data can be represented in GIS in two 

ways: vector and raster. I'll select raster data and vectors using GIS. The vector data model uses 

points, lines, and polygons to stand for the world. It is used to retain data with distinct limits, 

such as power lines, water pipes, or streets. Deng et al. A method is used to integrate vector data 

with landscape visualization, where vector data is used in many applications to analyze and 

manage nature. [36] The world is represented using the Raster data model as a layer divided into 

pixels (or cells) organized into rows and columns (or networks). Each pixel is connected to a 

value, such as temperature. Raster images come from satellites, digital images, or scanned maps. 

It is used to store data about these changes over time, such as soil type, land use, chemical 

concentration surface, precipitation, or elevation surface. On the altitude surface, for example, 

pixel values may reflect elevation above sea level, which appears as a network of cells (often 

square). During the first step of my research, I gathered information from previous scientific 

studies, such as methodological literature, previous works, and industrial attitudes. 

    Identifying the problem and mastering GIS principles is part of the second phase. Water 

difficulties vary depending on the research area's infrastructure, access to water in the study area, 

the method used to transport water in that area, and the components and characteristics of the 

water system. GIS helps describe all elements of the water network and create relationships 
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between all components in order to identify problems, try multiple solutions, and choose the best 

one of all options. 

2.3.2Geographic Information System as Decision Support System 

GIS can be used as a spatial decision support system (SDSS) tool. SDSS is complex because it 

includes a number of goals and limits. It's a way to choose the best option from a range of 

substitutes as well as an intelligent and integrated tool to organize information and knowledge in 

the desired field. SDSS requires spatial data, organized or unregulated knowledge, and human 

governance. To determine the solution, the decision-making process can use traditional 

(organizational) solution processes, or there is no specific (unregulated) action, or a combination 

of both (standard procedures and human provisions). Information from SDSS is derived from a 

variety of sources, including maps and remote sensing. This information is often incomplete or 

complete and changes over time and space. As a result, we must use human understanding to 

manipulate it in a successful and effective manner. Like if then rule- which is a rule-based 

system that can be used to represent human knowledge. We must prevent rings in the set of rules 

and separation in proportions when designing this rules-based system. 

    Spatial decision-making included information and knowledge aspects [37] as shown in the 

figure below. SDSS requires the integration of geographical data with algorithms, technologies 

or other tools in order to optimize the choice between different alternatives. One of these tools is 

(GIS). [38] GIS is a science which connects digital maps to databases. Uslu a et al. Processing, 

assessment and analysis of data from the Ondkuz Mays water distribution system, an area of 

Samson City, Turkey, using the Urban Information System as well as geographic information 

system capabilities. They used GIS technology to visualize the water distribution system by 

introducing pipe data, but they did not create a network or provide topology between layers in 
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order to make the system smarter. They use GIS technology to automatically calculate node 

heights from DEMs (Digital Elevation Models). [39] 

 

Figure 3: Spatial Decision Support System. 

     Any software may be open-source or owned. There are many examples of open-source GIS 

software, including SAGA GIS, gvSIG, and QGIS. [40] ArcGIS, chosen for this thesis, is an 

example of closed software. ESRI's ArcMap 10.7.1 GIS software was used. ArcMap 10.7.1 is 

GIS software that allows users to question raster-based graphical and non-graphical data. 

ArcMap offers high-quality mapping presentations to users through its functions of presenting, 

updating, inquiring, analyzing, and displaying current graphic and oral data. 

2.4 water network as a distributed system and complex adaptive system (CAS) 

     The water system is a network of distributed components, each with a specialized duty. Water 

systems consist of many nodes, including customer meters, bulk meters, pumps, pipelines, and 
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valves, which are often placed in huge geographical areas for remote operations. In my model I 

have collected data for the industrial area in Nablus city and build a geometric network to do 

optimizations in order to meet the problems faced by the employees of the institutions to make 

the interest easier, which means providing better services more fairly like maintenance problems, 

The water system is a flexible system because it can accommodate a large number of contracts 

(customers) without affecting the overall system, its performance, or its effectiveness. 

     Transparency in water systems is the main aim of the distributed system is to hide the fact that 

the system's components and devices are widely spread in distinct logical areas and make them 

look to consumers as one coherent system. In general, the idea of transparency can be applied to 

several features of a distributed system. As an instance of this in water distribution system, I will 

address the most important systems and what can be achieved in a built-in distributed system. 

The term "node localization" refers to the process of establishing location awareness across every 

water system node in deployment. 

    One of the most critical difficulties in the water system is location information, which allows 

the system to recognize events and route packets between pipes, valves, and sink nodes in order 

to share information and readily discover faults. Location transparency in the water system, 

which is a distributed and complex system, for example, across a big building or a large area, one 

of the major goals of this network is to provide water from water sources to the customers 

meters, so the position of this meter and the other network components must be identified in the 

network, and we have two methods to find the positions of these components. The first way is by 

GPS (global position system). But this is an expensive option.  Another method is to employ 

predetermined location node information with GIS technology. In contrast, with a distributed 

embedded system, the scalability of a water network means that it can still scale and maintain its 
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efficiency even if we add a large number of nodes to the network. The scalability of a water 

network allows consumers or nodes inside a building to be included in such a way that the 

system continues to perform its tasks without affecting system performance. The water network 

requires scalability, which allows the network to add a large number of nodes without reducing 

the network's efficiency or performance. 

     In this section, I will examine the water system from a CAS (complex adaptive system) 

perspective, as well as how to construct an intelligent system utilizing GIS technology. A. 

Rattrout et al. [41] describe CAS as a collection of integrating nodes or agents that come together 

to form a behavioral pattern. CAS may be used in a variety of domains. There are certain CAS 

characteristics that are prevalent; I will examine some of these qualities and how they apply to 

the water system. The complex adaptive system components combine to generate the overall 

system behavior. The water system has several agents or components, such as users, pipelines, 

wells, customer meters, and pumps etc.  The CAS component must adjust to changes in the water 

environment. Due to their temporal-spatial arrangement, CAS level water adjusts and modifies 

their internal model and behavior. For example, as the water cycle begins, the network responds 

to any change smartly in case of any failure in any element. Water networks are dynamic 

systems that change over time as a result of internal changes or external factors. Water pressure 

and flow, for example, alter in an unforeseen way over time. 

     Aggregation, flows, internal models, tagging, diversity, non-linearity, and building blocks are 

some of the aspects of CAS as defined by John Holland.  Each component in a water system that 

uses GIS technology is recognized by a particular tag that indicates the tagging mechanism. The 

water system is a non-linear system since the change in output is not caused by a change in input, 

and data changes from zone to zone and from water cycle to water cycle. As an example, when 
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we pumped water into the zone, not all of it reached the customers, and part of it was lost as a 

result of real or commercial loss. Water system components form the building blocks for 

distributed system services. [41]. determining how to construct a water network that can adapt to 

changes in structure while maintaining low communication costs will be the problem 

(localization). Node localization is the process of making all deployed nodes aware of their 

location. I've grouped the water network into many zones, each of which represents a DMA 

(District Metered Area). 

Conclusion 

    GIS is one of the most effective solutions for managing data since it integrates all geographic 

data with data from many sources, it can now assist in spatial decisions. As a result, GIS has 

become one of the most effective tools for managing water systems. 
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Chapter Three 

Our Approach for building water network 

3.1 Water System Geo database 

     Databases are commonly used to store, manage, and modify data. A geo database is a 

database that stores spatial or geometric data in addition to conventional or multimedia data. Geo 

databases contain datasets such as feature classes, raster datasets, and network datasets such as 

geometric networks or network datasets. All of these datasets may be modified and operated 

using a Database Management System (DBMS) like SQL (Structured query language) or 

ArcGIS. When a geo database is saved as a spatial type, SQL may access, modify, and update it. 

     A storage model exists for the geodatabase. We have many feature classes with various data 

types, like point, line, and polygon. The water meters and the tank feature class are recorded in 

the geodatabase as a point feature class. It is saved in the form of a table containing attributes 

and records. Every attribute is a characteristic, and every record is a feature. The point geometry 

was saved in the shape. There are several benefits for storing data in a geodatabase. Subtypes can 

be defined in a geodatabase. Subtypes are branches of the primary type, such as land use, 

commercial, industrial, religious, and agricultural. 

     Water resource information is intrinsically geographical. The global water distribution 

network is constantly increasing. Pipelines are used to transport water. However, this does not 

imply they are risk-free. The water distribution leaks are among the most serious issues that must 

be evaluated and recognized.  
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    Before repairing the water network, it is required to verify the network's difficulties, such as 

the connection relationships between the components of the network, the life span of the 

components, etc. 

3.2 Water Geometric Network 

    Geometric Network is a novel participatory decision-making process that is based on the 

development of a geographic information system database. The essential components of a water 

system are the water source, main pipes, laterals, service connection, fittings, and water sink.  

There are two types of water distribution systems that vary by nation in terms of water 

availability and water infrastructure: continuous supply and intermittent supply. 

    Geometric networks enable the representation of typical networks in the real-life world, like 

water distribution, water flow, and electrical cables. All of these networks may be modeled and 

analyzed using a geometric network. I constructed geometric networks but not network datasets 

in my water network because geometric networks enable agents to go in only one direction at a 

time on edges. As a result, the agent is unable to pick which path to take. External factors, 

including electromagnetism and water pressure, determine the destination.  As a result, the 

programmer has the power to manage the flow of the agent by manipulating how external 

influences affect it. Network datasets, on the other hand, such as street, allow the agent to 

traverse on edges in both directions. 

      A geometric network is made up of a number of feature classes. All feature classes included 

in the geometric network have to be recorded in the same feature dataset, which is constructed 

under the file Geodatabase. ArcCatalog allows me to build new feature classes and subtypes to 

make editing easier. A feature class is just a table in a database that contains records, including 
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geometric data. A type is assigned to each record. Geometry is a specific discipline that includes 

concepts such as points, lines, and polygons.  

    When I add them to ArcMap, they constitute a layer, and the layer cannot exist without data, a 

table, a feature class, or a source. When the geometric network is constructed, the geometric 

network icon will appear inside the feature dataset in the ArcCatalog Tree.  Since all edges finish 

with a junction, geometric networks such as water, electricity, sewage, and gas networks are 

made up of edges (line feature classes). These include both distance and orientation. Point 

feature classes (Junctions) Junctions can exist in two states: one as the termination point of an 

edge and the other as an intersection of two edges. If the point in the point feature class is not 

accessible to act as a junction, an orphan junction in the junction feature class is produced. 

Simple or complicated edges and junctions can exist. Simple edges have two junctions at each 

end and correspond to a single edge component in the logical network. Because a complex has 

not less than two intersections throughout its length, it has one or more edge elements in the 

geometric network. 

     Simple junctions are junctions that correspond to a point in the point feature classes, which 

are divided into two types: Source-location junction where the flow begins and Sink-location 

junction where the flow stops. The second type of junction is the complicated junction (orphan 

junction), which is generated when the initial edge is introduced to the geometric network rather 

than based on user source data. 

     In the real world, there are several networks that consist of water distribution, electrical 

connections, and transportation networks. GIS is utilized as a tool for modeling all of these 

networks so that they may be manipulated, managed, queried, and analyzed. Many studies have 
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been conducted using GIS technology in all forms of these networks. (GIS) are repeatedly 

utilized in urban planning. GIS is used to design the location of many different network 

elements, like energy supply systems, gas supply networks, and water systems.[1] Jiang et al. 

employed GIS technology to depict and forecast traffic flow in a transportation network. Jiang et 

al. employed topological representations based on streets. Other modeling, such as pedestrian 

modeling and crime analysis, was applied, allowing for more analysis and improved results [43]. 

Many more studies make use of GIS technology to track, manage, simulate, and evaluate water 

delivery networks. Ruggeri assesses the Byzantine water supply system using satellite data, GPS 

data, and a GIS environment [44]. 

3.2.1 Geometric Network Component 

     A geometric network has edges and junctions, which are lines and points that are given spatial 

names. When we developed the geometric network, we defined the edges as simple or 

complicated. The feature dataset generates a geometric network. Feature classes in feature 

datasets will have new behavior because it may alter. It is more than just a line and a point. 

Edges and junctions are so named because edges know what junctions are linked to, and 

junctions clarify what edges are connected to. So when network feature classes are in a 

geometric network, they exhibit some extra behavior, which is why we utilize these spatial 

terms. A connectivity link exists between the features classes specified in my network in a 

geometric network. Now, a key point about this is that network connectivity is built on geometric 

coincidence, which is why we call it a geometric network. So, when you add or remove features 

in a geometric network, the way those features are connected is determined by their X and Y 

coordinates. 
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    The connectivity index is a set of tables that reside behind the scenes in the geo database. It 

stores all connection information between network features. If you have primary information 

stored in a connectivity index regarding a specific feature and decide to delete this feature data, it 

will be deleted automatically without user intervention because the connectivity data in these 

tables is not displayed in ArcGIS. We do not interface directly with ArcCatalog or ArcMap with 

these tables that we utilize behind the scenes to maintain connection and keep it up-to-date. 

 

Figure 4: The Geometric Network Component How it is Manipulate And connect to provide the 

final Geometric network with all connected component [44]. 

 

3.2.2Geometric Network Analysis 

      The data obtained for the industrial zone consists of five layers of Tank water sources. Each 

source has an identification number and data showing its type and statues. The (2,133) water 

meters have identification number, meter number, coordinates and meter reading for specific 

months; Construction number; a pumping area; a pressure area, etc., valves that control water 

access and cutting; 18 valves have identification number and diameter; and its condition and type 
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have counting types as follows: Air-valve, Ball, Butterfly, Bypass, check, cone, gate, hydraulic, 

Isolation-valve, plug and Wash-out. 

     The main pipes drenched at a low depth of 202 have an identification number and the length 

of each tube and the material made of it are its external and internal diameters, as well as its 

spatial coordinates pumping area and pressure zone. The household connections pipes were 99% 

non-existent. There were a small number of connections. The remainder was manually added 

with an identification number, length and material, of which 2,244 were house connections. 

    The geometric network faces two types of problems: the first is the lack of connection 

between the customer meter and the house connection. Thus, there were many meters that were 

not connected to the network pipes, and this is not acceptable in the geometric network.  On the 

other hand, if we draw the service connection, the model will involve a large number of pipes, 

which means a complex process. The second problem is that many pipes are not connected to 

any edges. I have solved these problems and prepared shapefiles that support the network using 

the following scenario:  

    First of all, I used an aerial image of the study area to solve problems in a guaranteed way 

because converting data from a CAD format into shapefiles resulted in some unacceptable errors 

in the geometric network. 

Secondly, I processed data errors to access a perfect geometric network. 

     The geographical database contains a number of form files, first, The tank (water source) 

supplying the area (ain difna), Secondly, the main pipes that are distributed over the area of the 

study area are Third, home connections are subcontracts that connect the main pipes and 

consumers , Fourthly, consumers' water counts, which perform the task of measuring their water 
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consumption, and finally, water valves that are distributed over the course of the main pipes that 

are used to control the water flow. Each of these files was displayed as a separate layer in the 

ArcMap. 

     Using the geometric network editing tool, the geometric network was constructed, 

maintained, and the errors in the water pipes were corrected. The feature dataset's geometric 

network can identify seven different types of errors, which are listed in a table in figure (5). They 

will be detailed in the next chapter 

     Two types of issues with the Nablus City data have come up for me: error 11, which indicates 

that "The feature's geometry has multiple parts." Since the parts of the two highlighted geometric 

shapes are discontinuous or disconnected, figure (6) below provides an example. Error 16—"The 

junction is not connected to any other edge feature"—is the second type, as seen in figure 

(7).The geometric network editing toolbar and the NET_BUILDER table, which are used to 

identify all network issues, are shown in Figure. The errors are kept in this table. 
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Figure 5: The Geometric network build errors. 

  

 

                               

Figure 6: An example of error 11 in GN                               Figure 7: : An example of error 

16 in GN 

I have located loops and connected and disconnected components in the network using the utility 

network analyst. The figure (8) below provides an example of detecting loops.  
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Figure 8: Detecting Loops. 

 

Conclusion 

     A geodatabase allows for the ordering of water systems. It connects every element of water 

network using the geodatabase for the water system. I have examined the water network using 

geometric networks to identify issues and provide solutions. 
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Chapter Four 

Data Preprocessing 

4.1 Spatial Data Preprocessing 

     We have had a number of problems during the course of this research, the most important of 

which is the quality of the data. These data are archived and preserved in the municipality in 

CAD format, and when they are converted to shapefiles, this leads to an impairment of its 

validity. Also, the process of cumulative data preservation and not updating the old version of 

the data to collect two copies of the data for the same point is inconsistent with the requirement 

that this type of data is sensitive and must remain with high accuracy and higher quality. 

For the data in our study area, several problems and issues have emerged that should have been 

resolved once and for all before the network was built (figure 9(, the data before modified 
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Figure 9: Data Before Modified. 

 

     The network is confronted with some sorts of issues: The house connections layer was 99% 

non-existent or disconnected, so the missing connections between the main pipe and the 

consumer meter had to be added. That's why we used an aerial image of the area to make 

corrections closer to reality. (Figures 10a, b ) 
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(a)

 

Figure 10: (a) Meters without connections to main pipe. (b) The map with the aerial image. 

 

The following figure (71) shows the shape of the map after the addition of house connections 

pipes and the complexity of the network. 
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Figure 11: The Map Complexity. 

 

Converting the data from CAD to shapefiles, some pipes appeared to be cut off from both sides 

without contact with any lines which led us to the deletion of some of them, as shown in figure 

(12), so we deleted the excess of it and connected it logically and closer to reality. 
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Figure 12: Random distributed Pipes 

 

Some water meters had their geographical coordinates away from the buildings; like houses for 

example, because of the lack of a house connection layer, we manually returned the meters to 

their right place and connected them to the main pipes using house connection pipes.as shown 

figure (13). 
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Figure 13: Disconnected Meters. 

 

The network contained a number of loops and this is a fatal error in the geometric network 

because it hinders tracking the flow of water and estimating users' consumption. As shown in 

figures (14 a), (14 b). 
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Figure 14: a: Loops in Pipes 

 

 

Figure 15: b: Loops in Pipes. 
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During the processing of main pipes, we noticed that pipes are of two layers, such as a long, bent 

pipe attached to the next pipe of the bending joint. This is also a fatal error that impedes the 

tracking of water flow. As shown in the figures (15 a), (15 b), colored pipes were under the main 

pipes. 

 

Figure 16: a: Bent Pipes. 
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Figure 17: b: Bent Pipes. 

 

At the beginning of the work, we set up a geometric network using data before any modification, 

producing a network with more than (2500) errors, the figure (16) building errors number. This 

network contained more than (2500) errors monitored in building error table, Figure (17) shows 

building errors table. 
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Figure 18: The Geometric Network Errors Number. 

 

 

Figure 19: Building Errors Table 

 

The data processing process was done in two stages, in the first stage the number of errors of the 

geo-network building process decreased from more than (2,500) errors to (67) errors as shown in 

figure (18) showing the number of errors after the first phase. 
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Figure 20: Building Errors Number in the first processing phase. 

 

In the second stage, the number of errors decreased to zero and we got the Geometric network 

without any errors, errors in the network were processed according to the table of errors from 

ESRI (Environmental Systems Research Institute).  

4.2 Topology Rules 

For spatial data in a GIS to remain accurate, consistent, and intact, topology rules are necessary. 

They offer a framework that facilitates trustworthy spatial analysis and decision-making, 

guarantee high-quality data, and validate spatial relationships. 

In GIS, topology rules are used to specify and impose constraints and spatial relationships 

between various features in a geospatial dataset. These guidelines support the preservation of 

data consistency, accuracy, and integrity—all of which are essential for decision-making and 

spatial analysis. Here are some typical applications for topology rules: 

1- Data Integrity: 

Data integration means integrating consistency and harmonizing data from several sources into a 

single, comprehensible format that can be utilized for a range of operational, analytical, and 

decision-making objectives [73].  



58 

 

 

 Harmonizing Datasets: Topology rules assist in ensuring that features, such as roads from 

various sources connecting smoothly, align correctly when integrating multiple datasets. 

 Consistency across Layers: Make sure that various feature classes are spatially consistent with 

one another, for example, by making sure that river and buildings do not cross. 

2- Spatial Analysis and Modeling: 

Spatial analysis means investigation entities by inspection, assessment, evaluation, and modeling 

of spatial data features—such as locations, attributes, and their relationships—that disclose the 

geometric or geographic properties of the data [74]. 

 Accurate Analysis means accurate results from spatial analyses, like overlay operations and 

proximity analysis are guaranteed by stable spatial relationships. 

 Model Building means to create and analyze spatial models, such as hydrological models that 

need accurate stream connectivity, maintain accurate topology. 

3- Editing and Quality Control: Quality assurance and editing are essential parts of managing GIS 

data. They guarantee the accuracy, consistency, and dependability of spatial data, which are 

necessary for efficient modeling, analyzing and decision-making. High standards of data 

integrity and quality can be upheld by GIS specialists by employing powerful editing tools and 

strict quality control procedures [75] [76]. Such as Automated Error Detection — Errors during 

data editing can be automatically found and flagged by topology rules; Quality Assurance—

Make sure edits follow specified spatial rules so that high standards for data quality are 

maintained. 
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4- Data Validation and Error Detection: 

Validating entry data decreases the possibility of errors entering the system and increases data 

input accuracy by guaranteeing that data satisfies quality standards prior to storage, it offers 

users real-time guidance and lessens the need for subsequent data correction and maintenance 

[77]. 

 Ensuring Data Integrity: Errors in spatial data, like gaps, overlaps, or misalignments, can be 

found and fixed with the aid of topology rules. 

 Consistency Checks: it makes sure certain requirements are met by the spatial relationships 

between features, like no overlapping polygons in a land use dataset. 

5- Cartography and Visualization: 

Mapping techniques are used to transmit data that include spatial information about on the 

surface of the earth like points, paths [78]. This application provides: 

 Clean Map Representation: To provide a clear and accurate representation of spatial data, make 

sure that maps are free from visual errors such as gaps or overlapping features. 

 Semiology and Labeling: In order to properly arrange labels and symbols and prevent conflicts 

and overlaps, topology rules can be helpful. 

6- Maintaining Spatial Relationships: 

spatial relations (SR) is the ability to determine an object's position in relation to a previous 

position by taking into account its size, distance, or any other distinguishing sign. [79].this 

application helps to obtain: 

 Adjacent Features: Making sure that there are no spaces or overlaps in the common boundary 

between neighboring features. 
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 Connectivity: connecting all network features—such pipelines correctly for a reliable network 

analysis,  

There are a number of topology rules, but we don’t need all of them. We have only applied what 

our data needs. Here are the two needed rules: 

 Must Not Self-Intersect this rule is to make sure that no two lines features cross over one 

another. 

 Must Be Covered by Endpoint Of this rule is to make sure that point features, like junctions, 

cover the endpoints of line features, like pipes. 

These two rules we had to make sure they were properly applied in the geometric network to 

ensure that all components and network work correctly. We checked using utility tools to track 

the flow and the network appeared as shown in the figure (19). 

 

Figure 21: Track the correct water flow in the network. 
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Based on Geometric Network, many analyses can be done on the network such as identifying 

connected areas and disconnected areas in case of breaking. (Figure 20) 

 

Figure 22: The Geometric Network Connected and Disconnected using the Utility Network 

Analyst toolbar. 

 

4.3 Meters Maintenance Data: 

Water meters in the water system are used to measure consumers' consumption and have several 

types that are installed under municipal supervision, including Actars, Baylan and others. The 

shelf life of these meters is five years, but during the period of operation, they may cease to 

operate due to emergency breakdowns, which require either repairing the meter or replacing it 

with a new one, depending on the type of failure. 
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After considering that the study area (industrial zone) is a relatively small area and the 

maintenance cases in which it is not enough to analyze and anticipate had to find a solution, the 

solution was to rely fully on the maintenance data of the city of Nablus to train the model and 

adopt the data of the industrial area for testing.  

For the municipality of Nablus, maintenance data for meters is kept in Excel sheet so handling it 

needed special attention, although there is a common field between maintenance data and our 

network data, which is the meter’s number, maintenance data needed to be thoroughly processed 

before it was ready to be analyzed and utilized. As shown in figure (21), Arabic was used in the 

documentation process, And in the address field, the same place was almost encrypted in more 

ways than one (Many ways to write the address), this is what I need to process and convert data 

into English and address all maintenance cases correctly. 

 

Figure 23: Meter Maintenance Data Before Modified. 

The data have been transformed into data that is valid for analysis and utilization of all the 

parameters these data provide in the analysis and data mining processes to create a predictive 

system for meter malfunction based on historical data of previous maintenance in Nablus after 

the necessary adjustments and processing. The data include the date of maintenance, meter 
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number, address, procedure required, meter diameter, type, source, cause of failure, inspection 

result, pump area and new meter type. Figure (22) shows the data after processing processes. 

 

Figure 24: Meter Maintenance Data After Modified. 

 

4.4 House Connection Pipes Maintenance Data 

 

House connection pipes in water distribution systems are the most vulnerable physical 

component of breakdowns and fractures due to the small volumes and the little depth on which 

they are dumped and the materials from which they are made. This is why, when reviewing the 

historical data on pipe maintenance, most of them are 95% due to the piping of house 

connections, so they had to receive special attention in this study. 

Because the case study was very small we needed to use Historical data for the maintenance of 

house connections in the city of Nablus which was obtained from the municipality in the form of 

an Excel sheet, but it had several problems that needed to be addressed before it began to be used 

in data mining.( figure 23). 
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Figure 25: House Connection Pipes Historical Maintenance Data before Modification. 

As can be seen in the figure (23), maintenance data have been archived in Arabic. This is inconsistent 

with the possibility of making use of it. Therefore, initially it had to be converted into English, and then 

the different similar data were consolidated in the way it is expressed. As shown in figure (24) 
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Figure 26: House Connection Pipes Historical Maintenance Data after Modification. 

4.5 Calculation of Approximate Cost of Maintenance: 

Water Distribution Networks (WDNs) are vital infrastructure for the transportation of water for 

home and industrial purposes. WDNs are vulnerable to failure due to their subsurface location 

and several internal and external variables [53, 54]. A single component failure in a water 

distribution network (WDN) might affect the system's ability to supply appropriate water quality 

and quantity [55]. When a single component of a WDN (e.g., pipeline, pump, valve) fails or is 

damaged, a segment (small collection of nodes and pipes) is separated by closing isolation valves 

to perform maintenance. Segment isolation may cause accidental cut-off of additional segments 

downstream of the isolated segment [55], depriving them of supply from the primary source(s). 
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This makes segment isolation in WDNs highly important and must be handled properly to lessen 

its effect. 

WDN assets, such as tankss, valves, and reservoirs, are not always operational because of the 

dynamic nature of WDNs. The way that flow is distributed throughout the network varies greatly 

based on how these assets are operating. Furthermore, nodes' pressure and demand also change 

dramatically over time. This suggests that the WDN's cumulative demand shortfall brought about 

by a segment being isolated for maintenance becomes time-dependent. If segment I is isolated at 

time, for example, its effect may be different from that of segment I isolated at time. Therefore, 

the length of time a segment is isolated for rehabilitation establishes how much of an impact it 

has on the WDN [57]. 

Depending on the part that needs to be maintained, the financial cost of each maintenance 

process will change. The length of the depth of the material made of excavation works and other 

materials induced to ensure its safety and installation properly [58].Palestinian municipalities 

deal with private companies to obtain the necessary materials and pieces based on special 

agreements between them and according to these companies, the prices were as shown in the 

table(1)(2)(3)(4) 

Table 1: Main Pipe Prices (HP: high-performance polypropylene). 

Pipe Type Material Diameter Price\unit 

Main Pipe 

 

Steel 8 inch 250 ₪ 

6 inch 140  ₪       

4 inch 95   ₪ 

3 inch 75   ₪ 

2 inch 47   ₪ 

HP 110 mm 40   ₪ 

90   mm 32    ₪       

75   mm 20   ₪ 

63   mm 17   ₪ 

50   mm 14   ₪ 
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Table 2: House Connection Prices (HDPE: High-density polyethylene). 

Pipe Type Material Diameter Price\unit 

House 

Connection 

HDPE 63 mm 17   ₪ 

32 mm 6     ₪ 

steel 63 mm 32   ₪ 

32 mm 15   ₪ 

 

Table 3: Meters Prices. 

Meter Type Price\unit 

Arad 140   ₪ 

Baylan 130   ₪ 

Actars 150   ₪ 

Kent 120   ₪ 

Sattco 170   ₪ 

Itron 150   ₪ 

French TD8 160   ₪ 
 

Table 4: Valves Prices. 

Valve type Diameter  Price\unit 

Air-valve 6 inch 800   ₪    

10 inch 1000 ₪ 

Gate 63 mm 20     ₪ 

1 inch 80     ₪ 

2 inch 150   ₪ 

3 inch 300   ₪ 

4 inch 400   ₪ 

8 inch 700   ₪ 

10 inch 1000 ₪ 

 

The cost of maintenance for each material component is calculated based on a mathematical 

equation as follows: 

 Meters total maintenance cost = .  ……………..(1) 

 Valve total maintenance cost= Valve Price + installation costs.         ……………..(2) 

 House Connection pipes = pipe price (unit price * length) +             ……………..(3) 

                                                   Excavation quantity price (unite price * quantity) + 
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                                           Sand price (unit price* quantity) + 

                                           Base course (unit price* quantity) + 

                                           Bitumen (unit price * quantity) 

 Main pipes = pipe price (unit price * length) +                                ……………..(4) 

                                                   Excavation quantity price (unite price * quantity) + 

                                           Sand price (unit price* quantity) + 

                                           Base course (unit price* quantity) + 

                                           Bitumen (unit price* quantity) 

 

These prices are obtained from the companies concerned and can be adjusted depending on the 

situation. 

Conclusion: 

The aim of all the data collected to study this research, is to look for a solution for the problem 

and to prove the validity of hypotheses, whether it is spatial data or ordinary data, needs to be 

processed, as we indicated earlier that spatial data is saved as deaf data and converted from one 

formula to another, which has led to an imbalance in their validity. And when we represent it, it 

must be true without any problems. Frequently occurring data that has problems as a result of 

improper preservation and archiving practices. 
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Chapter Five 

Data Mining and Spatial Data Mining 

5.1 Data Mining 

Finding patterns, correlations, and insights in massive data sets through a variety of statistical, 

machine learning, and database management techniques is known as data mining. It is a crucial 

part of database knowledge discovery (KDD) and data analysis [80]. 

Data mining's main goals are as follows: Finding relationships, trends, and patterns in data is 

known as pattern recognition, Prediction: Forecasting future occurrences by utilizing past data, 

Classification is the process of dividing up a dataset's items into predetermined groups or classes, 

Clustering: Assembling comparable items into groups without established classifications, and 

Association Rule Learning: Finding fascinating correlations between various variables in sizable 

databases [81]. 

Data mining employs a number of approaches, each of which is appropriate for a particular type 

of data and analysis objective: 

 For Classification there are several algorithms such as Decision tree (DT), random forests (RF), 

support vector machines (SVM), and neural networks (NN) [82], which are used for image 

recognition, Spam detection, and credit scoring [83]. 

 For Regression, data mining provides many of algorithms like linear regression, polynomial 

regression, and ridge regression [68], that is beneficial for risk assessment, Stock price 

prediction, and resource allocation [84]. 
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 Algorithms for Association Rule Learning are Apriori, Eclat, and FP-Growth (Frequent Pattern 

Growth) [85]; it’s used for bioinformatics, Market basket analysis, and recommendation systems 

[86]. 

 Anomaly Detection to obtain results in this domain there’s diverse algorithms are allowed like  

Isolation forest, one-class SVM, and local outlier factor (LOF) [87] which are useful for Fraud 

detection, quality control and network security [88]. 

 Dimensionality Reduction feature extraction, Data visualization, and noise reduction, are  

available services we can obtain it by applying one of these algorithms Principal component 

analysis (PCA), autoencoders, and t-SNE (t-Distributed Stochastic Neighbor Embedding) [89]. 

 Clustering: about this topic, data mining provide the following algorithms hierarchical clustering, 

K-means, and DBSCAN (Density-based spatial clustering of applications with noise) [90], which 

we can use for social network analysis and Customer segmentation [91]. 

Numerous industries have employed data mining for a variety of purposes like Finance, 

Healthcare, Telecommunications, Manufacturing and Retail, on the other hand, there are many 

advantages for data mining, but there are also some challenges such as Privacy and Security of 

the data, Interpretability and make the model understandable to non-experts, Data Quality which 

means that it is accurate, complete, and reliable; Ethical Issues and fair use and Scalability with 

any volume of data [89], [87], [80]. 

If we want to apply the data mining process there are steps we have to follow: 

1- Data Collection: This step was already implemented and data was collected from the 

municipality and the institutions concerned at the beginning of the research for other objectives, 

such as data representation in ArcMap at chapter IV previously. 
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2- Data Preprocessing: This step was explained in detail in the previous chapter IV, and all the 

problems experienced by the data were explained, whether network data or historical data for 

maintenance and how the data was processed. 

3- Modeling: As a water system engineer responsible for municipal water systems, you want to 

count the physical components that are prone to failure. This is how you can save your budget, 

time, and effort. The process of classifying ingredients into a range of safe and fault-prone 

ingredients is defined as a classification problem. 

The process of classification has two stages: learning and prediction. During the learning stage, 

the model is constructed using the supplied training data. The model is used in the prediction 

step to forecast the response to the supplied data. One of the simplest and most widely used 

classification algorithms for comprehending and interpreting data is the decision tree. It can be 

applied to problems involving regression as well as classification [92]. 

A decision tree is a type of tree structure that resembles a flowchart, with each leaf node 

representing the result, the branch representing a decision rule, and the internal node representing 

a feature or attribute [92]. 

One can refer to the root node as the highest node in a decision tree. It gains the ability to divide 

data according to attribute values. Recursive partitioning is the method by which it divides the 

tree recursively. This structure, which resembles a flowchart, aids in decision-making. It is a 

visual representation which resembles human thought processes, much like a flowchart diagram. 

For this reason, decision trees are easy to understand and evaluate. [93]. 

Machine Learning algorithms of the white box variety include decision trees. It shares internal 

reasoning for making decisions, which is not present in black box algorithms like neural 

networks. When compared to the neural network algorithm, its training time is faster [94]. 
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The quantity of records and attributes in the provided data determines the decision tree's time 

complexity. The decision tree approach is non-parametric and distribution-free; it does not 

depend on assumptions about possibility distributions. High-dimensional data can be handled by 

decision trees accurately [92]. 

Any decision tree algorithm's has this fundamental concept [93]: 

1- To split the records, use feature selection method to determine which attribute is best. 

2- Classify the dataset into more manageable subsets by using that attribute as a decision node. 

3- For each child, repeat this process recursively until one of the conditions matches to begin 

building the tree: 

 Every tuple is associated with a single attribute value. 

 None of the attributes are left. 

 No further occurrences exist. 

 

 

Figure 27: How the Decision Tree Algorithm Work [95]. 
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The feature selection strategy is a heuristic used to select the splitting criterion that best divides 

data. Because it helps us in identifying breakpoints for tuples on a particular node, it is also 

known as splitting rules. It uses an explanation of the provided dataset to assign a rank to each 

feature (or attribute). As a splitting attribute, the highest scoring attribute will be chosen. 

Whenever a feature has a continuous value, split points for its branches must also be defined. 

The Gini Index, Gain Ratio, and Information Gain are the most widely used selection metrics 

[96], [95].  

Entropy is a concept developed by Claude Shannon that quantifies the degree of impurity in an 

input set. It is the randomness or impurity in a system and is used in mathematics and physics. It 

alludes to the impurity in a collection of examples in information theory. The reduction in 

entropy is known as information gain. Information gain calculates the difference between the 

average entropy following the split of the dataset relied on specified attribute values and the 

entropy prior to the split. Information gain is used in the ID3 (Iterative Dichotomiser) decision 

tree algorithm [97]. 

The feature with multiple outcomes is skewed in the information gained. It shows that it favors 

the feature with a high number of different values. Such as, take into consideration an attribute, 

(Meter_ID) that has zero info (D) due to pure partition and has a unique identifier. This produces 

pointless partitioning while optimizing the information gain [97]. 

The following formula represents the mathematical formula of the ratio: 

 

Where: 
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 Acts as the partition's weight in  . 

   Is the number of discrete values in attribute A. 

 

 The splitting attribute is determined by selecting the attribute with the highest gain ratio [95]. 

 

 

4- Evaluation: evaluating the models with respect to metrics such as F1 score, recall, 

accuracy, and precision. 

5- Deployment: Implementing models in real-world applications as we will see in next 

chapter. 

6- Monitoring and Maintenance: monitoring the model's performance and updating it as 

necessary. 

Conclusion: 

Large datasets can be mined for insightful information using a potent technique called data 

mining. It includes a range of methods and tools that can greatly improve how decisions are 

made in a variety of sectors. Notwithstanding the difficulties, continuous technological 

developments keep expanding the possibilities for data mining. 

In order to create a prediction system that can estimate the failure ratio of any component relied 

on historical data for maintenance and display the results of this system on our network through 

the desktop application that will be covered in detail in the next chapter, the decision tree 

algorithm has been chosen to be applied to historical data for maintenance of both counters and 

house connections. 
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5.2: Spatial Data Mining: 

Spatial data mining is finding intriguing, previously undiscovered, but possibly helpful patterns 

in spatial datasets; spatial data mining considers the attributes, geometry, and spatial 

relationships of data objects, in contrast to traditional data mining [59]. 

Fundamental Ideas in Spatial Data Mining [60]: 

1- Types of Spatial Data: polygons, lines, points, and raster data are among them. Mining spatial 

patterns requires an understanding of the various forms of spatial data. 

2- Topological relationships (adjacency, containment, etc.) as well as distance and directional 

relationships are examples of spatial relationships. These relationships are frequently used by 

spatial data mining techniques to identify patterns. 

In real life, spatial data mining is used in a variety of different fields as follow [61]:  

 Transportation: using geographic data on vehicle movements and road networks to optimize 

routes, control traffic flows, and enhance public transportation systems. 

 Retail and marketing: To improve sales tactics and advertising campaigns, analysis of 

consumer demographics, purchase trends, and store locations is conducted. 

 Public Health: The field of public health involves the identification of disease patterns, the 

location of healthcare facilities, and the comprehension of the correlation between environmental 

factors and health outcomes. 

 Environmental Monitoring: Tracking changes in land cover, managing natural resources, and 

anticipating environmental hazards like floods and forest fires are all made possible with the help 

of spatial data mining. 
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 Urban planning: Planners can decide on zoning, public services, and transportation networks 

by using spatial data on population density, land use, and infrastructure. 

Spatial data mining faces many challenges, including the complexity of such data. The 

complexity of multiple relationships and dimensions that characterize spatial data makes analysis 

difficult, and data quality is a difficult task. Because spatial data can be noisy, lacking, or 

inconsistent, the quality of the data is essential to achieving trustworthy mining results. They are 

also scalable and sophisticated handling large quantities of spatial data need strong algorithms 

and high computational resources, and finally, its interpretability for practical applications, it is 

essential that the results of spatial data extraction have to be intelligible to non-experts [62]. 

Spatial data mining can be accomplished with a variety of tools and software packages; GIS 

software, for example, offers powerful platforms for spatial data analysis and visualization 

through software like QGIS, an open-source program, and ArcGIS; data mining tools, like Weka 

(Waikato Environment for Knowledge Analysis), RapidMiner, and KNIME (Konstanz 

Information Miner), can be extended with spatial data mining capabilities. With libraries like 

Shapely, GeoPandas, and Scikit-learn, Python provides robust spatial data mining capabilities 

[63] [64] [65]. 

The Ordinary Least Squares (OLS) method is a fundamental statistical technique used for 

estimating the parameters in a linear regression model. It was one of several spatial mining 

analyses offered by the ArcMap program that we selected [66]. By minimizing the sum of the 

squared differences between the observed values and the values predicted by the linear model, 

OLS seeks to identify the best-fitting line through the data points [67]. 

A linear regression model's fundamental form is [68]: 
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                             Y = +ϵ    ……………..(6) 

Where:  

 Y is the variable that is dependent. 

 , ,…,  are to be estimated parameters, or coefficients. 

 , ,…,    the variables that are independent. 

 ϵ represents the discrepancy between the observed and predicted values and is the error 

term. 

 

The difference between the actual and predicted values, or the sum of the squared residuals, is 

what OLS aims to minimize. This can be expressed mathematically as [69]: 

 

Where:  

              Represent the predicted values.   

As we know each Statistical analysis has an assumption, OLS's underlying assumptions is as 

follows [70]: 

 Linearity: The independent and dependent variables have a linear relationship. 

 Independence: The observations standalone from one another. 

 Homoscedasticity: At each level of the independent variables, the error terms' variance 

remains constant. 

 Normality: means the distribution of the error terms is normal, which is significant for 

inference. 

 Lack of multicollinearity: There is little to no correlation between the independent variables. 
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A mainstay of regression analysis, the Ordinary Least Squares method is popular because it is 

easy to use and efficient at estimating linear relationships. Its foundational principles and 

application make it a powerful tool in statistical modeling and data analysis, even though there 

are some assumptions that need to be verified [70]. 

OLS Regression Steps:  

1- Create the Model [70]: Indicate the structure of the dependent and independent variables in a 

linear regression model 

2- Determine Parameters[71]: 

Matrix algebra can be used to obtain the OLS estimates of the parameters. Given a vector of 

observed values (𝑌), a matrix of independent variables (X), and a vector of coefficients (𝛽), the 

OLS estimator can be expressed as follows: 

 

3- Examine the Model[72]: 

Using the following metrics, the model can be examined: 

 Goodness of Fit: Evaluate the model's ability to fit the data by calculating R-squared and 

Adjusted R-squared. 

 Statistical Significance: To ascertain the significance of the predictors, run hypothesis tests 

(e.g., t-tests for individual coefficients, F-test for overall model significance). 

 Residual Analysis: Examine the residuals to make sure the OLS assumptions—such as 

constant variance and the absence of patterns in the residuals—are met. 

4- Interpretation of the Model[71]: 
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To comprehend the way that independent and dependent variables are related, interpret the 

estimated coefficients. For instance, the change in the dependent variable is represented by the 

coefficient . 

Holding all other variables constant, 𝑦 represents a one-unit change in the independent 

variable . 

This statistical analysis was selected for application to Nablus city data after adding historical 

maintenance data for both meters and house connection pipes. The workflow was followed for 

results, as shown in the figure (26). 

 

Figure 28: The Workflow Structure to Obtain Results by OLS. 

 

1- Data Collection: 

The data collection process began with the first steps of this study and obtained spatial data of 

the industrial area and spatial data of the city of Nablus completely individually. These data 

consist of several layers so that each layer expresses a physical component of the network, and 

the network contains a so-called attribute table that shows the characteristics of each part of the 

layer, such as the date of its composition, size, diameter, etc., which will be relied upon as 

factors in the analysis. These data are represented as points or lines according to the type of each 

component and layer. 

As mentioned in the previous chapter, the data needed spatially processed processes, and the 

processing processes were detailed to access the correct geometric network without errors using 
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the data of the industrial area. The data used in the analysis is that of the city of Nablus, but it 

also needed processing processes. Since OLS analysis only relies on numerical values, other 

factors such as indicators and texts have been excluded. Let's explain in more detail. We will talk 

about each analysis separately. 

    A-Meter OLS Analysis: 

2A- Data Pre-processing: 

Nablus City Network data contains more than 59 thousand water meters preserved and archived, 

each meter saved each (shape, meter number, pressure zone, bi number, block number, parcel 

number, installation date, Consumption type, x coordinates, y coordinates, water source, Meter 

diameter, meter type, meter location, meter reading for January 2023, February in 2023 and 

march 2023), some of these factors were unfortunately empty and had to be excluded, as shown 

in figures (27).  

The meter maintenance data are described in detail in Chapter IV (previous), and the methods of 

processing them are explained after they are ready to be joined to the meter layer to become a 

single layer that can be analyzed using the instrument of join between the meter layer and the 

maintenance spreadsheet. 
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Figure 29: Meters Original Data 
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One factor to consider is the rise of the ground level on which the meter stands because it affects 

the value of the water pressure on the meter, so we added contour data that shows the height of 

each area from the sea level in the form of lines, as shown in the figure (28). 

 

 

Figure 30: The contour line layer. 

 

The meter layer reflecting the contour line layer had to be converted into points for use in the 

analysis. The first step was to convert it to Raster using ArcMap tools, by using (to conversation 

->feature to raster) tool, as shown in figure (29). 
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Figure 31: Convert Contour Layer into Raster. 

The second step required converting the result of the first step (RASTER) to points associated 

with the layer of meters maintained by one of the ArcMap tools, it done by using (spatial 

analysis tools -> extraction -> extract values to point ) tool . As shown in figure (30). Thus, the 

data available in the contouring layer is ready for use in the analysis process. 

After converting to points, it is now possible to calculate the height of the ground for each meter. 

This was done using (Analysis tool -> overly -> spatial join) tool, as shown in figure (31) to 

result in a new column in the meter layer that expresses the height of the area on which the meter 

is located. Thus, the meter layer has full meter data in the city of Nablus and meter data on the 

maintenance in the city and the height of the ground on which each meter is located. 
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Figure 32: Extract Values to Point. 

 

 

Figure 33: Spatial Join between the meters and the height points. 
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I also mentioned the analysis of the statistical OLS dealing only with numerical values, so it was 

necessary to select the appropriate transactions, process them and clean them. Initially, the table 

must be extracted and converted into an excel file to modify the values and clean the data. 

As a first step: Selection of appropriate parameters, all non-numerical values such as pointer data 

(Object_ID* 1), dates (install date 01\01\1990, 12:00:00 AM) and blank columns (Reading 

22023 <Null>), (Reading 32023 <Null>) should be deleted, have to remain just the numerical 

values. As shown in the figure (32).  

 

Figure 34: Meter Numerical parameters. 
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Second step: is the cleaning stage, the cleaning process involves the elimination of null values. 

The missing records of (Point_X) and (Point_Y) were calculated using geometric calculation tool 

to obtain the exact coordinates. after this step we can generate a new parameter, the (Near_Dis) 

column which is a parameter displays the nearest horizontal distance between each meter and the 

Earth's elevation point from sea level, it has been calculated by using (Analysis tool -> proximity 

-> Near) tool, as shown in the figure (33). Thus, all parameters become complete, ready for the 

next stage. 

 

 

Figure 35: Near tool to calculate distance between meters and height point. 

 

Third Step: Removing Outlier Data, Sometimes we find in the data an extraterritorial value that 

is considered out of range, either for a special case or incorrectly in the input of values, This can 

be detected by checking the statistics of the data and ranking values from the largest to the 



87 

 

 

smallest and vice versa, and during the test of (Reading_12023) the statistics was as shown in the 

figure (34). 

 

  

Figure 36: Reading_12023 statistics. 

 
The figure shows that there are a number of values outside the range (24561, 22590, 19930, 

13158, 11874, and 10795) these values have been replaced with logical values that fall within the 

coefficient's range because it appears that they do not make sense. 

 

Reclassify Step: To determine the impact of each factor on the outcome of the analysis, so we 

created a decimal order to give us the ratio of each value per record of ten.by the following 

formula: 

                                            X= ( )*10     ……………..(9) 

         Where: 

                    X    , is the value ratio. 

          , Is the original value. 

        MAX  ,the maximum value in the parameter column. 

        MIN    ,the minimum value in the parameter column. 

This value has been calculated for all the numerical factors that will be used in the analysis, each 

value has been represented as (F_Dist). 

3A- Subset selection: 
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As shown in the figure (35), we use the (meter_SpatialJoin) layer to analyze the data, the  

(Object_ID) parameter as a unique ID field because it represents a unique number for each 

record, (maint) parameter as a dependent variable since it represents the target, it shows that the 

meter has been maintained or not, and each of ( F-y, F-R, F-DIST,F-GRID,F, CUSTOMER_N, 

POINT_Y, READING_12, NEAR_DIST and GRID-CODE) as an explanatory variables. 

 

Figure 37: The OLS analysis for the Meters Pipes. 

β0: This is the baseline value of the dependent variable (maint) when all explanatory variables    

are zero. 

Coefficients (β1, β2,..., βk): These values show how the dependent variable changes when each 

explanatory variable changes by one unit while keeping the other variables unchanged. 

 

3A – Fitting OLS model: 

 

The global linear regression of Ordinary Least Squares (OLS) is used to model the relationships 

of the variable to a range of interpretive variables and to produce predictions. We used this 

analysis to study and predict the occurrence of warranted maintenance and the impact of each 

factor on the outcome of the analysis. 
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 Model specification: to specify the form of the model 

 

                     ……………..(10) 

 

Where: 

                is (maint) parameter (The dependent parameter) 

, ,…,  are to be estimated parameters, or coefficients. 

, ,…,    the variables that are explanatory parameter. 

         ϵ is the error term (residual). 

 

 

 Estimation of Parameters: 

Estimating the values of the parameters (β0,β1,…,βn), by using this equation, to make the 

predicted values (Y^) are as close as feasible to the dependent variable's observed values(Y). 

 Ordinary Least Squares (OLS) Analysis: 

The fitting procedure for OLS regression entails reducing the total squared discrepancies 

between the observed and predicted values. In terms of mathematics, this entails identifying the 

coefficients that reduce the subsequent sum of squares: 

 

         
 

Where  

 Is the observed value and is the predicted value. 

 

 Calculating the Coefficients: 

The coefficients (β) are calculated using the following formula in matrix notation: 
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                         Where: 

                      X is the matrix of independent variables (explanatory variables). 

                      Y is the vector of the dependent variable. 

                     XT is the transpose of X. 

                    (XTX)−1 is the inverse of XTX. 

 Evaluating the Fit: 

Assessing the model's ability to accurately describe the data is crucial after it has been fitted. 

This entails examining: 

 

1- R-squared ( ): shows the percentage of the dependent variable variance that can be predicted 

based on the independent variables. 

2- Adjusted R-squared: Adjusts the ( ) value for the number of predictors in the model. 

3- F-statistic: evaluates the model's overall significance. 

4- P-values for coefficients: evaluates each independent variable's significance. 

5- Residuals analysis: Analyzes the variations between observed and predicted values to look for 

trends that could indicate an inadequate model. 

  4A –OLS model Results: 

  The results report was attached in the appendix, and let’s looks at the results as follows: 

 Number of Observations: 59,032 

 The Key Metrics and its Interpretation: 

1- Akaike's Information Criterion (AICc): -21,839.10(A lower value indicates a better fit of the 

model). 

2- Multiple R-Squared: 0.0373. 
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3- Adjusted R-Squared: 0.0372, (2, 3) (These values indicate that approximately 3.73% of the 

variability in the dependent variable (MAINT) is explained by the model. This is quite low, 

suggesting that other factors not included in the model may be important.) 

4- Joint F-Statistic: 254.14 (p-value: 0.0000) 

5-  Joint Wald Statistic: 376.08 (p-value: 0.0000) (4, 5) (Both are highly significant, indicating that 

the overall model is statistically significant.) 

6- Koenker (BP) Statistic: 2,644.46 (p-value: 0.0000) (Significant, indicating issues with non-

stationarity or heteroskedasticity. Thus, the robust probabilities should be considered for 

inference.) 

7- Jarque-Bera Statistic: 859,729.99 (p-value: 0.0000) (Significant, suggesting that the 

residuals are not normally distributed, indicating possible model bias.)   

1- Coefficient Estimates and Significance 

Each coefficient represents the relationship between an explanatory variable and the dependent 

variable as shown in the figure (36). 

 

Figure 38: OLS meters analyst results. 



92 

 

 

 

And that mean: 

1- F_Y: Negative effect, significant 

2- F_R: Large negative effect, highly significant 

3- F_DIST: Positive effect, significant 

4- F_HIGH: Positive effect, significant 

5- CUSTOMER_N: Negative effect, significant 

6- POINT_Y: Positive effect, significant 

7- READING_12023: Positive effect, highly significant 

8- NEAR_DIST: Negative effect, significant 

9- GRID_CODE: Negative effect, significant 

2- Diagnostic Plots: 

 

1- Residuals Histogram: The result of the Jarque-Bera statistic is confirmed by the residuals' 

imperfect conformity to a normal distribution, as shown in the figure (37) 
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Figure 39: Histogram of Standardized Residuals for meters analyst. 

 

2- Residual vs. Predicted Plot: Ideally, this plot should show no pattern, indicating that the 

model errors are randomly distributed. Organized patterns imply incorrect model specifications 

as shown in the figure (38). 
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Figure 40: Residual vs. Predicted Plot for meters analyst. 

Spatial Distribution: 

The map uses standard deviation to visualize the distribution of data points. Points that are 

significantly different from the mean (either much higher or much lower) are shown in distinct 

colors.as shown in figure (39), this type of visualization helps identify outliers and understand 

the distribution of the dataset. 
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Figure 41: Spatial Distribution for Meters Analyst Result. 

 

Conclusion: 

In summary, the OLS model provides a statistically significant but weak explanation of the 

variance in (MAINT) there are issues with non-normal residuals and multicollinearity, which 

point to possible areas for model improvement. 

B-House Connection OLS Analysis: 

2B- Data Pre-processing: 

Nablus City Network data contain more than 3033 house connection pipes preserved and 

archived, each house connection saved each (Object_ID, shape, length, pressure zone, material, 

diameter, inner diameter, subtype, project_name, fund, and x,y coordinate) some of these factors 

were unfortunately text and had to be excluded, as shown in figures (39).  
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Figure 42: House Connection Original Data. 

 

The House Connection maintenance data are described in detail in Chapter IV previously, and 

the methods of processing them are explained after they are ready to be joined to the house 

connection layer to become a single layer that can be analyzed using the instrument of join 

between the house connection layer and the maintenance spreadsheet. 

One factor to consider is the distance between the house connection pipe and the nearest street, 

so we added street data that shows the street of Nablus in the form of lines, as shown in the 

figure (40). 
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Figure 43: Nablus Street Data. 

Using this tool, X coordinates (NEAR_X) and Y coordinates (NEAR_Y) were obtained for the 

nearest domestic connection street, each in a separate column, and also in another column, the 

closest value distance between them (NEAR_DIST), it has been calculated by using (Analysis 

tool -> proximity -> near) tool, as shown in the figure (41). 
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Figure 44: Using Near Tool to Find the Nearest Street to the House Connection Pipe. 

 

I also discussed the statistical OLS analysis that only dealt with numerical values, necessitating 

the selection, processing, and cleaning of the relevant transactions. To change the values and 

clean the data, the table must first be extracted and converted into an Excel file. 

As a first step: Selection of appropriate parameters, all non-numerical values such as pointer data 

(Object_ID* 1), dates (install date 01\01\1990, 12:00:00 AM) and blank columns (Link <Null>), 

(Type<Null>) should be deleted, have to remain just the numerical values. As shown in the 

figure (42).  
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Figure 45: The Parameter which should be deleted. 

Second step: is the cleaning stage, the cleaning process involves the elimination of null values. 

The missing records of (Point_X) and (Point_Y) were calculated using geometric calculation tool 

to obtain the exact coordinates. After this step we can regenerate a new parameter, the 

(Near_Dist) column for the records which didn’t have correct coordinates at the previous step, 

thus, all parameters become complete, ready for the next stage. 

Third step include checking the statistics for each parameter to examine if any parameter have an 

out-of-range values by displaying the maximum, minimum and values histogram as shown in the 

below figures (43). 
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Figure 46: The House Connection Parameters Statistics. 

 

Statistics, as seen in figures, indicate that parameters do not contain values out-of-range. 

Reclassify Step: To determine the impact of each factor on the outcome of the analysis, so we 

created a decimal order to give us the ratio of each value per record of ten.by the following 

formula: 

                                            X= ( )*10              

         Where: 

                    X    , is the value ratio. 

          , Is the original value. 

        MAX, the maximum value in the parameter column. 

        MIN    , the minimum value in the parameter column. 

This value has been calculated for all the numerical factors that will be used in the analysis, each 

value has been represented as  

(F_Dist),(F_DIAM),(F_LENGTH),(F_X),(F_Y). 

3B- Subset selection: 

As shown in the figure (44), we use the (houseconnection-contractall) layer to analyze the data, 

the (Object_ID) parameter as a unique ID field because it represents a unique number for each 

record, (maint) parameter as a dependent variable since it represents the target, it shows that the 
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pipe has been maintained or not, and each of (shape-length, diam, F-Nearst, Near-x, f-depth, and 

f-y) as an explanatory variables. 

 

 

Figure 47: The OLS analysis for the House Connection Pipes. 

β0: This is the baseline value of the dependent variable (maint) when all explanatory variables 

are zero. 

Coefficients (β1, β2,..., βk): These values show how the dependent variable changes when each 

explanatory variable changes by one unit while keeping the other variables unchanged. 

3B – Fitting OLS model: 

The fitting model process for this analysis is the same as the previous analysis of the count; the 

analysis of house connections has been fitted in the same way as the previous modeling and 

calculation of value for transactions. 

4B– OLS model Results: 

The results report was attached in the appendix, and let’s looks at the results as follows: 

3- Number of Observations: 3,280 

4- Key Metrics and its Interpretation: 



102 

 

 

1. Akaike's Information Criterion (AICc): 2524.48, (A measure of model fit; lower values indicate 

a better fit) 

2. Multiple R-Squared: 0.4151 (41.51% of the variability explained by the model) 

3. Adjusted R-Squared: 0.4140, (2, 3) (These values indicate that approximately 41.51% of the 

variability in the dependent variable (MAINT) is explained by the model.) 

4. Joint F-Statistic: 387.15 (p-value: 0.0000, significant) 

5. Joint Wald Statistic: 2955.89 (p-value: 0.0000, significant), (4, 5) (Highly significant, showing 

that the overall model is statistically significant.) 

6. Koenker (BP) Statistic: 258.05 (p-value: 0.0000, significant), (Significant, suggesting issues with 

non-stationarity or heteroskedasticity. Hence, use robust probabilities for inference.) 

7. Jarque-Bera Statistic: 57.09 (p-value: 0.0000, significant), (Significant, indicating that the 

residuals are not normally distributed, suggesting model bias.) 

 Coefficient Estimates, Significance and Interpretation: 

Each coefficient represents the relationship between an explanatory variable and the dependent 

variable, as shown in the figure (45). 

 

 

 

Figure 48: The OLS analysis Results for house connection pips. 
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1. Intercept: The baseline level of the dependent variable when all predictors are zero. 

2. DIAM: Negative effect, significant, indicating that as this variable increases, the dependent 

variable decreases. 

3. SHAPE_LENGTH: Negative effect, significant. 

4. NEAR_X: Negative effect, highly significant. 

5. F_NEARDIST: Positive effect, highly significant. 

6. F_DEPTH: Negative effect, not significant. 

7. F_SUBTYPE: Positive effect, significant. 

 Model Diagnostics: 

1- Residuals Histogram: it ideally should follow a normal distribution; deviations suggest model 

bias, as shown in the figure (46). 

 

Figure 49: Histogram of Standardized Residuals for house connection analyst. 



104 

 

 

 Residual vs. Predicted Plot: Random distribution of residuals indicates a well-specified model. 

Patterns suggest model issues, as shown in the figure (47). 

 

Figure 50: Residual vs. Predicted Plot for house connection analyst. 

 

Spatial Distribution: 

Different clusters and patterns can be seen in the point distribution across the map, signifying 

regions with varying degrees of mean deviation. 

High deviation areas (highlighted in red or dark blue) may represent anomalies or notable 

differences in the data.as shown in figure  
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Figure 51: Spatial distribution for house connection analyst result. 

 

Conclusion: 

The OLS model accounts for a moderate amount of the variability in (MAINT) and is 

statistically significant. On the other hand, problems with non-normal residuals and possible 

multicollinearity point to locations that need more validation and model improvement. 

5.3 Control Valve: 

When there is a fracture in one of the main pipes or house connections and the detection of a leak 

of water, the flow of water must be stopped to save it, prevent its waste, and complete the 

maintenance process and replace the broken pipe. The process of locating the broken pipe 

remains important and needs special attention because precise identification accelerates the 

maintenance process and helps in the decision-making process to choose the best valve to close 

and cut off water from the area concerned. 
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The process of selecting the control valve for closure may be done using several methods, but 

not all of them with the required accuracy and realism, including the closest valve (the closest 

valve of the broken pipe) using the shortest path algorithm. 

The shortest path algorithm is a fundamental method for determining the shortest route 

connecting two nodes in a network with non-negative edge weights ;it is frequently utilized in 

several applications, including network routing, transportation planning, and logistics. 

To clear the problem definition of this algorithm we can say if we had given a weighted graph   

G= (N, E), where N stands for the set of nodes and E represents the set of edges (connections 

between nodes), along with non-negative weights assigned to each edge, the aim is to determine 

the shortest path from a source node s to a destination node d [45]. 

The process starts with initializing a data structure to keep track of the shortest distances from 

the source node (the broken pipe) to all other nodes (the valves) in the graph; and assigning a 

zero distance to the source node and an infinite distance to all other nodes. Storing nodes sorted 

by their estimated distances from the source node, and finally initializing a priority queue or 

other comparable data structure [46]. 

I need to repeat the following steps to reach the intended node or all the accessible nodes are 

processed [47]: 

 Extract the node at the lowest temporary distance from the priority queue. 

 Explore the adjacent nodes (neighboring nodes) and update their temporary distances if a shorter 

path is found through the current node. 

 In order to account for changes in temporary distances, update the priority queue. 
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 Proceed with the procedure until either the priority queue is cleared or the destination node is 

reached. 

The algorithm ends when either the destination node is reached or all attainable nodes have been 

processed. By using the recorded shortest distances and predecessors to return to the destination 

node to the source node, the shortest route from the source node to the destination node can be 

reconstructed [48]. 

The most popular uses for shortest path algorithms are in network routing, navigation systems, 

logistics, transportation planning, and other domains where optimization problems need to be 

solved. They assist in determining the best routes between points, reducing travel time or 

distance, and allocating resources optimally across a range of applications [49]. 

The shortest path algorithm can be made more effective by utilizing a variety of optimization 

strategies. For example, a priority queue or min-heap can be used to quickly extract the node 

with the smallest potential distance [50]. 

A variety of shortest path algorithm variations, like Floyd-Warshall algorithm, Bellman-Ford 

algorithm, and Dijkstra's algorithm, may be employed, depending on the particular application 

and requirements [51][52]. 

Despite all that said and all the benefits of this algorithm, it was not a viable solution in the 

process of choosing the best valve to close in the event of a broken single pipe or water leak 

instead of shutting down the main source and denying all consumers access to water, It is not 

always the closest valve in terms of distance that is responsible for supplying the broken pipe 

with water as shown in figure (48) , although the valve number (1) is the closest to the broken 
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pipe, the  valve number (2) is its provider. In the event of a break or leak, the responsible valve 

must be closed valve number (2) and not the nearest (1). 

 

Figure 52: The control Valve Not the Nearest Valve. 

To choose the controlling valve, the network had to be analyzed using specialized algorithms 

because selecting the valve manually is useless in case the data was changed to another network, 

so we searched for an algorithm that analyzed the network and selected the controlling valve, and 

among several options, we selected Network Isolation Algorithms with graph theory algorithm . 

Based on predetermined criteria, network isolation algorithms are used to locate and isolate 

particular network components. The objectives may be to stop breakdowns from spreading, 

divide the network for security reasons, or improve resource management [98]. 

In order to prevent cascading breakdowns, this algorithm is used for fault tolerance, which 

entails isolating failing nodes or segments. Security is the process of separating hacked nodes 

from the rest of the network to keep it safe. And resource management, which divides the 
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network into segments to control traffic and resources effectively. In a water distribution 

network, for instance, separating a section where a leak has been found will stop water loss and 

pressure problems in the remaining network segments [99]. 

However, we must first graph the network. Graphs are mathematical structures that stand for 

pairwise relations between objects. Graph theory algorithms are a collection of procedures used 

to solve problems relating to graphs. Edges show the relationships between nodes, which stand in 

for entities [100]. 

Various techniques are permitted to graph the networks, and each technique has its own 

algorithm. The shortest route between two nodes can be found by applying algorithms like 

Dijkstra's and A* [101]. Minimal Spanning Tree (MST) that is to identify a subset of edges that 

connects every node with the least amount of whole edge weight by using algorithms such as 

Kruskal's and Prim's [102]. Connectivity: Component identification and network connectivity 

algorithms for graphs [103]. Flow Algorithms: To determine the maximum flow in a network, 

algorithms such as Ford-Fulkerson are utilized [104]. These algorithms are useful in a many 

fields, including transportation networks (which employ them to determine shortest path between 

two locations) and utility networks (which use them to make sure all network components are 

effectively connected and functioning) [101]. 

The graph traversal algorithm is known as Breadth-First Search (BFS) which begins at a chosen 

node (root) and investigates every one of its neighbors at the current depth level before moving  

on to nodes at the next depth level [105]. 

BFS has two characteristics: the capacity to determine the shortest route from the root node to 

any other node in an unweight graph, and the ability to determine the Shortest route in unweight 

graphs in general. And Level Order Traversal, which can look into nodes at a level-by-level and 
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it can be used for Network Analysis and Shortest Path Finding. It can also be used in network 

isolation to help isolate sub-networks by identifying all nodes that can be reached from a starting 

node. [106]. 

In order to apply the Breadth-First Search algorithm, we must do the following steps [103], 

[105]: 

1. Begin with the root node. 

2. Put the root node in queue. 

3. As long as the line is not empty: 

-A node should be dequeued from the front. 

-Go to the node and designate it as explored. 

           - Enqueue every nearby, untouched node. 

BFS and other graph theory algorithms are essential when examining a network for isolation 

purposes. And the way they are related is as follows [107]: 

 Detection: Locate a node or edge (such as a leaking pipe or breakdown meter) that requires 

isolation. 

 Traversal: Investigate every node and edge that can be reached from the point of interest using 

BFS. This aids in determining how much of the affected area is affected. 

In mathematical terms we can explain the fundamental of the BFS as follow: 

1- Graph representation: 

The following figure (49) shows the graph of the valves distribution in our data each valve is 

marked through the (Object_ID) field. 
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Figure 53: The graph for the distribution. 

 

Let: 

                                                  G= (V, P)                      

G is a graph with P representing the set of edges (pipes) and V representing nodes (valve). 

For each V , N(neighbors) which represent the number of neighbors. 

And: 

 ∣X∣  represents how many vertices there are. 

 ∣Y∣  represents how many edges there are. 

2- Initialization: 

We have to create a queue (Q) to manage the valves to be explored, and create (D) as a set which 

used to keep track of visited nodes. 

Traversal process can be done by these steps: 

 Start from a node S (sources). 

 In Q store the D set.  

Q=[S] 
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D={S} 

 While Q Is not empty: 

1- Dequeue a node .(I = number of valves). 

2- For each neighbor ∈ N( ): 

IF  is not ∈ D : 

Enqueue  and add it to D. 

3- Complexity: 

 BFS time complexity of is , This is due to the fact that every valve(node) is 

examined and dequeued exactly once, as well as every pipe (edge). 

 Creating the queue and visited set takes constant time, . 

 Node Processing: Every node's enqueuing and dequeuing takes time, . 

 Verifying a node's neighbors requires examining its neighboring edges. This is to proportionate 

the total edges number in the graph, . 

 

Thus, the overall complexity is 

                                             Complexity Time =  ………………(15) 

 

Where  is the valves number ,  is the pipes number. 

Conclusion: 

Although BFS lacks a conventional mathematical formula, an understanding of its algorithmic 

phases and time complexity offers a clear picture of how it functions. When it comes to tasks like 

control valve placement in water distribution networks, the BFS algorithm's simplicity of 

implementation and efficiency make it an indispensable tool for achieving the best possible 

network isolation and management. 
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Chapter Six 

Our Desktop Application: 

6.1 The Application  

We found it possible to find a practical solution that contributes to the decision-making process 

with less time and effort and higher quality. This is because of the many challenges facing water 

systems and the scarcity of technology and applications that help municipalities and water 

service institutions save time and effort, and that there are real problems in these institutions. 

We have created a desktop application aimed at facilitating the handling of water distribution 

systems through the algorithms and analyses described in detail in the previous chapters. 

 

Figure 54: The App diagram. 

The previous diagram shows the capabilities of the desktop application and the services it 

provides. The application is an integrated system that receives the processed spatial data, 

displays it in the form of a network in the correct coordinates on the map and allows the user to 
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recognize the attributes and information of each element and to control it. The application also 

includes a network analysis system using theory algorithms to build the tree structure of data and 

identify the controlled valve in each element. A forecast system based on data mining algorithms 

is used to determine the component expected to require maintenance based on historical 

maintenance data. 

This app was created using the programming language C# and the Video Studio Code 2022 

software, mainly relied on GIS libraries provided by ISRI , especially ArcGIS SDK.NET 

Library, which is free, light, convenient to build a desktop application, suitable for a mobile 

version whether Android or iPhone, and effective in providing facilities for building code 

structures.. This program generally aims to display data as a network to facilitate its management 

handling and modification. As shown in the figure  
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Figure 55: View the network in the app. 

 

These data have been converted from shapefiles to Geofiles so that C# can read and represent 

them based on ArcGIS SDK.NET Library, after we have read and saved the data in dataset as 

tables to make it easier to read and view. As shown in the figure  
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Figure 56: Saved Data in the app dataset. 

These data are displayed as layers each layer is displayed on a panel on the left of the network, 

and the appearance of the layer is controlled whether to disappear or appear through a check box. 

On the right, another panel shows information on any component selected, such as its name, ID 

number and specifications by component type. It also includes fixes history which the historical 

maintenance of the specific component will be displayed. As shown in the figure (52).  

 

Figure 57: Application interface. 
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It is possible to change the icon for any item easily through the code. Some of the attributes 

which is shown on the information tab are adjustable, and the rest are not. If any of the editable 

features are modified, the new data can be saved by clicking the Save button, each item changes 

color depending on its condition; for example, the main tubes are blue when they are valid, 

yellow when they are under maintenance and red when they break down. 

It is possible also to change the background of the apparent network of the user through the list 

of map that appears at the top so that you can add streets, aerial image of the area or topography 

as shown in the images 

 

Figure 58: street background. 
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Figure 59: Aerial Image background. 

 

Figure 60: Topographic Background. 
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In case the component needs maintenance you have to press (Fix) button, this will lead to pop-up 

to display the details of the maintenance process, The pop-up contains details about the selected 

component, the price of this component, the approximate price of the total  maintenance process 

which was detailed in chapter Four and the start and end date of the maintenance process so as to 

allow the user to modify the maintenance process data as long as the end date of the operation is 

not entered, during this period, the button (Fix) button turns into a (Edit Fix). As shown in the 

figure (53) 

 

The maintenance process start date is the date of the establishment of the maintenance process by 

default, but it is adjustable if the process will start in another day. It also appears in the pop-up 

name of the worker so that it is entered by the user, automatically converting the component 

status from (valid) to (under repair) is activated, and it is adjustable by the check box at the top 

of the (start fixing) button. 

If the maintenance process is approved, the statues of the component will be converted into 

(under repair). The data in the maintenance operation can be modified until the date of 

completion and termination of the operation is entered. It will become non-adjustable and will be 

archived in the database as a GIS. The user will be able to view the previous maintenance history 

through the tab (Fix History).as shown in the figure  
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Figure 61: Maintenance Pop-up in many cases. 

 

The note box is included to add any additional note other than the data that can be entered by the 

user, such as the increase in the total cost value due to the need for an additional piece or 

displaying this component of rust, but it is still working, i.e., the notes of the exact component 

that cannot be circulated. 

 

Figure 62: Fix History 
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The process of determining the controlled valve helps save time and effort and reduces water 

loss. As we indicated in Chapter V previously, when there is a breakdown of one of the 

components in the network, the controlling valve must be specified, which must be closed to stop 

water pumping in that area first to conserve water and secondly to complete the maintenance 

process. 

The process of selecting the controlled valve is done in two ways: first manually and practically 

on our data, but it is not a useful solution in case the data are changed to another area and the 

location of one of the valves is changed, removed, or temporarily stopped. Second, using one of 

the algorithms that analyze the network and build a hierarchical model, considering that the 

water source is the main root and the valves are the sons, the isolation algorithm and the  

Breadth-First Search algorithm that are explained in detail in Chapter V have been applied in the 

analysis and identification of the controlling valve in each component of the network, the system 

is proposed to be closed if the selected component fails. 

 

From (Tools -> Generate Valves Dependency) we can apply the isolation algorithm and the 

Breadth-First Search algorithm on the data. As shown in the figure  
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Figure 63: Generate Valves Dependency. 

 

This will open a new pop-up .as shown in the figure (56) this pop-up contains the number of 

each feature in the network, When the button (load) is pressed the app load the data (because it 

may change in whole or in part), When the button (start) is pressed the algorithm starts to 

analyze and determine the number of visited feature to be sure every component is visited, and 

build the tree to determine the control valve for each component.as shown in the figure (57) 

which represents the tree and the components with their control valve . After this step the value 

of control valve will be save in the dataset so when we select any feature, its control valve 

number will appear on (info) panel.  



124 

 

 

 

Figure 64: Generate Valves Dependency pop-up. 

 

 

Figure 65: Generate Valves Dependency Tree. 

 

the controlled valve number for each meter has now become known , and the set of meters that 

will be disconnected Upon closing the controlled valve, so when the valve status is turned into 

(invalid) or (under repair), a pop-up will appear to ask the user if he wants to send a message to 

the consumers of these meters that mean is (We apologize for the disruption of your water access 
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service for an emergency that will be dealt with as soon as possible, Thank you for your patience 

and understanding.) as shown in the figurer  

 

 
 

Figure 66: The Massage will be send to the consumers. 
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Sometimes the user may need to make several scenarios to trace the water flow of the network 

and know the components that water connects in each scenario, so we created a network tracing 

tool from (Tool -> Network Tracing). This tool will display a new pop-up version of the 

displayed network to ensure that no erroneous modifications are made to the main interface (to 

stay in the safe side). This pop-up contains the same details as the main interface to control the 

appearance of the components, their invisibility, and the possibility of changing their attributes 

values, as well as the (trace) button. When this button is pressed, all the components that the 

water will reach will be highlighted according to the scenario data, such as if one of the valves is 

invalid, one of the pipes is invalid, or one of the meters is discontinued. As shown in the figure  
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Figure 67: The network tracing. 
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The use of data mining algorithms offers the ability to create a prediction system based on 

historical data for maintenance operations to predict components at risk of being broken and that 

may need maintenance. This topic was discussed in detail in Chapter V previously. 

The decision tree algorithm was selected to build a prediction system for both meters and house 

connections based on historical data for both maintenance operations as mentioned in the 

previous chapters, each explained in detail as follows: 

1- Meter Prediction System:  

The prediction system is based on the following four factors that the algorithm will analyze and 

rely on in the final decision: First, the date of installation that results the age of the meter is 

considered by the algorithm to be the root because it has the information gain highest value. 

Second, pressure tolerance if the meter can withstand pressure, this mean it has less chance for 

needs to maintain. Third, the flow rate for each meter, and finally the remainder of its life span, 

as it is known that each meter has a life span after which it loses its efficiency to operate. The 

shorter the meter's life span, the greater the chance it needs maintenance. The following figure 

shows the factors relations. 

The flow rate per meter has been calculated according to the monthly reading available in the 

data for the month of January 2023 (Reading-12023). A new field has been added to the data, 

including the calculated value based on the following formula: 

 

 
We multiplied the number of working hours in a day by the number of working days in a month, 

and then divided the total reading for the month by that number, to arrive at the flow rate. 
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Figure 68: The Meters Factors Relations. 

 

 

2- House Connection Prediction System:  

The house connection prediction system was created based on four factors, analyzed by the 

algorithm to obtain the final decision: First, the pipe date of installation which presents the pipe 

age and has been considered root because it has the information gain highest value. Second, the 

pipe is able to withstand pressure; the less likely it is to need maintenance. Thirdly, the pipe's 

material—steel has a lower likelihood of breaking. Finally, the longer pipe is the greater chances 

of being exposed to malfunction. As shown in the figure  
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Figure 69: The House Connection Factors Relations. 

 

     Since the projection process factors may vary from month to month depending on the data 

saved - bearing in mind that the accumulation of data generates new factors such as the time 

difference between each maintenance and the next or the number of times of maintenance 

operations for the same component - the user can determine the file that will be relied upon in the 

projection process through (tools-> predict). 
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Figure 70: Predict Setup Tool. 
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Figure 71: Predict Setup Window 
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Two prediction systems have been created in our app. We have created a new prediction tool 

(tool->predict to maintenance)  as shown in the figure (64) that, once selected, starts the 

algorithm by analyzing meter data, house connection data and showing in a new pop-up meters 

and house connections data which is expected to need maintenance. As shown in the figure  

 

 
 

Figure 72: Predict to Maintenance Tool 
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Figure 73: Predict to Maintenance Tool Results. 
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     One factor that is supposed to be illustrated in the decision tree algorithm is the max depth 

value of the tree, The depth of the tree is determined by the experiment to reach the desired 

accuracy in the result of the algorithm and it is clear from the figuers that all that increased the 

depth value increased the resolution accuracy, but in return, the time needed to reach the decision 

is complicated by this in our application, making the process of determining the depth value 

depending on the user. 

 
 

Figure 74: Meters Data tree with max depth = 5 
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Figure 75: Meters Data tree with max depth = 6 

 

 

Note that the depth difference led to different results, so when it was equal to 5, there was no yes 

decision, but when the depth became equal to 6, some decisions appeared yes. 

The application also provides the advantage of searching the database of items maintained within 

a specified period of time so that the start date and end date of the period are determined and 

then pressing the search button. 
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Figure 76: Fixes History 

 

 
 

Figure 77: Searching in Fixes History. 
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As for the code snippet you will them in the appendix. 

 

6.2: Testing and Validation: 

In order to inspect the capabilities of the system, we have applied the functional test, as will be 

shown in detail 

Functional testing is a crucial phase in the software testing lifecycle to ensure that a system 

operates according to its specified requirements. 

       The application-based prediction system using C# language and based on the decision tree 

algorithm aims to identify components of the network that may need maintenance in the near 

next period so that the system expects elements that need maintenance after analyzing historical 

data of past maintenance operations and devising as a mathematical equation that is applied to 

elements of the study area network and through the result of the equation that is limited to (0 or1) 

which expresses that the element needs maintenance or not. Through the testing phase we will 

test the application capabilities through several cases to estimate the accuracy of the algorithm in 

prediction. 

         The test phase includes a number of scenarios that represent changing the ratio of training 

data to testing data, apply the algorithm by using python language,  the libraries were used: 

numpy, pandas, scikit-learn (DecisionTreeClassifier, train_test_split, accuracy_score)  and  then 

comparing accuracy and error rate for each scenario where : 

 Accuracy: The ratio of correctly predicted instances to the total instances. 

 Error Rate: The ratio of incorrectly predicted instances to the total instances. 
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Cross-validation involves multiple rounds of splitting the data into k subsets (folds) and 

systematically using each subset as a test set while the remaining subsets are used for training. 

The model is evaluated k times, and the results are averaged to provide a more stable estimate of 

performance. 

The purpose of using cross-validation in machine learning is to evaluate the performance of a 

model in a more reliable and robust manner compared to a simple train-test split. Here are the 

key reasons for using cross-validation 

1-More Accurate Performance Estimate: 

Cross-validation gives a more accurate approximation of a model's performance by averaging the 

results across numerous training and testing cycles. This decreases variation and provides a more 

accurate overall evaluation. 

2-Improved data utilization:  

It enables the model to be trained and evaluated on several subsets of data. This guarantees that 

every data point is utilized for both training and testing, which is especially beneficial when the 

dataset is limited. 

3-Reduced over fitting:  

Cross-validation aids in the detection of overfitting by evaluating the model across different data 

splits. A model that performs well across all cross-validation folds is less likely to be overfitted 

for a single subset of the data. 

4-Model Selection:  
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Cross-validation allows you to compare different models or hyperparameters. By comparing 

each model or parameter configuration across numerous folds, you can determine which one has 

the best average performance. 

5-Reliable Performance Metrics:  

It displays a distribution of performance parameters (such as accuracy, precision, and recall) 

across the folds. This aids in understanding the stability and variability of the model's 

performance. As shown in the table  

Table 5: Testing and Validation Results. 

Test Case Testing Data Ratio k-fold Accuracy Error Rate 

1 0.3 10 0.9946 0.0054 

2 0.3 5 0.9941 0.0059 

3 0.15 10 0.9217 0.0783 

4 0.15 5 0.9182 0.0818 

5 0.09 10 0.9196 0.0804 

6 0.09 5 0.9164 0.0836 

7 0.05 10 0.9159 0.0841 

8 0.05 5 0.9158 0.0842 

9 0.01 10 0.9158 0.0842 

10 0.01 5 0.9117 

 

0.0883 

   

    From the results in the table, it is evident that the system achieves high accuracy in most test 

runs, with an accuracy range between 0.9117 and 0.9946. The error rate is relatively low, ranging 

from 0.0054 to 0.0883. The variation in results suggests that while the system performs well 

overall, there might be instances where prediction accuracy could be further improved. 
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Conclusion 

    PalGIS application demonstrates strong predictive capabilities with high accuracy and low 

error rates across multiple test runs. Future enhancements could focus on further reducing the 

variability in accuracy and improving the system's robustness. 
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Chapter Seven 

3D Simulation 

 

    Water distribution network 3D simulation is an effective tool that improves planning, 

customer service, maintenance, operational effectiveness and training. Utilities and stakeholders 

can make well-informed decisions, optimize resource allocation and guarantee a sustainable and 

dependable water supply by utilizing the comprehensive and interactive network representation 

that it offers. 

To improve maintenance and emergency response, as well as visualization and analysis, we use 

the ArcScene software to create a 3D model of our network by following these steps: 

1- Import Data: 

We import industrial zone data which we represent in ArcMap previously. 

2- Semiology all Features: 

Each feature was given a clear symbol, indicating its meaning and function.  

3- Classify Main Pipe Layer and House Connection Layer: 

Pipe layers (main and house connections) are classified into several colors according to the size 

and diameter of each pipe so that each pipe is represented by a specific color according to its size 

and diameter 

4- Convert Contour Layer into Raster: 

As we did earlier in Chapter IV, but this time in ArcScene, We scraped a part of the industrial 

zone.as shown in the figure. 
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Figure 78: Converting the Industrial Zone Contour Layer into Raster. 

 

5-  The layer turned into a raster, thus we can activate the Base heights property for the layer to give 

the area altitude milestones, as shown in the figure  
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Figure 79: Activate Base Heights Property for the Raster 

 

6- To Obtain Altitude Milestones for all Components, we have to activate Base Heights Property to 

all Layers, in order to integrate them with the raster.as shown in the following figures  
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Figure 80: Network 3D Simulation. 
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Chapter Eight 

Conclusion & Recommendations 

 

Conclusion 

     In this thesis, we have developed a number of hypotheses that need to be validated in a 

number of consecutive phases, including processing several types of data in a number of 

different ways until we have reached valid data for use in analyses and algorithms to eventually 

reach a coherent network whose components have been correctly linked. Algorithms have been 

applied to regular data and spatial data, and these data have been represented in two and three 

dimensions to several objectives, such as facilitating the planning process, understanding 

complex data and helping to assess data validity. 

     We were finally able to present a practical and reliable solution that could validate the 

theories outlined at the beginning of this study. This solution contributes to the decision-making 

process and improves the quality of decisions in several areas, including saving time, effort and 

reduce water loss through its ability to analyze the network and propose the controlling valve for 

any physical component in the network if it breakdown. Its ability to predict house connection 

pipes that need maintenance through a predicting system relied on data mining algorithms and 

historical data for the maintenance of such pipes, and finally anticipates meters that need 

maintenance also relied on appropriate data mining algorithms and historical data for meter 

maintenance. 

     All of these results are displayed in a desktop application capable of displaying the network 

on the map, allowing the ability to control, monitor and modify the status of its components, as 

well as to archive maintenance data in the GIS format and help determine the approximate cost 
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for each maintenance process. The application also shows on the network meters and house 

connections expected to need maintenance according to the decision of the prediction system that 

was established based on data mining algorithms, The application also allows a live simulation 

of the network analysis process to select the controlled valve in the event of a break, identify the 

areas to which water access will be interrupted and inform consumers present in these areas of an 

emergency occurrence leading to the interruption of water services. 

    This app is capable of receiving and handling the data of any region, whatever its size, is easy 

to use and clear even for non-GIS specialists, and no need to be connect with the Internet. 

Recommendation 

We determined the following paths for the future: 

1- Explore our solution in other WDNs, in Palestine, since the app is able to handle the data of any 

region. 

2- The relevant institutions, which stand to gain from GIS facilities, give careful consideration to 

the storage and conservation of spatial data. 

3- Using other algorithms in the analysis process and perhaps in a timely manner, there is properly 

archived data to take advantage of new factors such as the time difference between maintenance 

operations. 

4- Documenting maintenance in this format makes it easier to know what features have been 

maintained before so as to take it into account and make data mining operations more accurate. 

5- More broadly familiarize organizations with geographical information systems, their capabilities 

and advantages, and the recruitment of specialists in the field. 

6- Enhancing the ability to take into account more spatial variables; data, layers and factors. 
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7- Take into account important variables affecting physical network components, such as life span 

and the quality of the manufactured material. 
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Appendices 

Appendix 1 

Ordinary Least Square Results:   
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Appendix 3 

1- Diagrams: 
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2-Code Snippets: 
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This code snippet is for modeling, representing and handling house connection pipes. 
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