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Abstract

This thesis expresses a suggested model for Spatial Decision Support System (SDSS) to
demonstrate the distribution of electric system as geometric network in Geographic
Information System (GIS). Spatial data of the Qabatya city as the suggested study area
was collected, Digitized and prepared for GIS geodatabase and analysis. A geometric
network was applied after collecting and preparing geometric and attributes data
connected to the relevant geometric layers. In order to present, analyze and make smart
decisions, relevant layers were created to express the complex electric system
components. Medium and low voltage networks were considered, transformers and
feeders were also taken into account. Cables were digitized and relevant attributes were
added just as material and cross section area, length was calculated geometrically
counting on the spatial abilities of GIS, and the resistance was calculated
mathematically. The consumers’ meters were considered and their updated data about
the electrical consumptions were exported from the municipality special system.
Electric theories and equations were used and implemented to calculate daily and hourly
power consumption where they helped to calculate the electric current for each
consumer’s meter. Geometric network analysis tools and methods were used to examine
and present the flow direction of the electric current.

In order to calculate the technical losses for each cable at any phase according to its

properties, resistance, length and electric current, the geometric network including all the



VI

calculated results was designed and built using a hierarchical tree structure model using
Oracle database to store exported data and SQL queries to calculate the current and
technical losses using backward and forward approach to express the electric flow and
its distribution in the network. The results were also presented in special website
programmed using java programming language. The results were exported to attribute
table that was joined to the spatial data. This enrichment data helped to present them
spatially on the map by producing semantic maps using graduated color sympology for
the electric current for each cable. In order to help the decision maker, the network was
separated and each phase was presented individually. Satisfying results were presented
for the electric network and the voltage vs. length, phases were highlighted for each cable
and each phase

A 3D model was created, designed and presented to give a virtual really image of the
system in the study area to help the decision makers to understand, watch the results of

the reality and to be able to manage it smartly and making right and effective decisions.
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Chapter One: Introduction

Electricity is the nerve of modern life, and people depend on it in all its aspects. Actually, it
is important in our houses, businesses, hospitals, factories and companies. In other words it
is an essential ingredient of a comfortable life, and like any other component in our life,
electricity is exposed to damages and faults which cause power cuts and power losses.
Additionally, when electric loads instantaneously exceed the thresholds allowed, the electric
supply is subject to temporal disconnections that disturb the rhythm of life, in general.
Qabatya city in Palestine is about 6 km to the south of the city of Jenin and is considered one
of the largest population groupings in the province of Jenin. This research study aims to
manage the electricity network smartly by using the geographic information systems to
support decision-making. As well as network analysis to know the routes of electricity lines
and to identify the electricity sources inside this town.

GIS one of the most important technologies that help in managing and planning of geometric
networks in general and electrical systems specifically in order to increase the efficiency of
their usage by the capability of considering the spatial location and obtaining different types
of statistics, data, charts and analyses to make the appropriate decisions for the decision
makers and managements by using different work approaches.

The basic advantage of the GIS is the spatial analysis capability, where analysis processes
consider elements that exist within the specific temporal and spatial frame. This helped to
eliminate the problems that were encountered in the traditional linear maps used to store and
display such spatial information, where the spatial data elements on these maps are recorded
either as points or as lines or shapes based on a local or a geographic coordinate system and

the altitudes from sea level.



One of the most important problems of using such maps is the inability of determining of the
logical relationship of the elements in the map. Also, the changing of any element of the
spatial data does not lead to any impact or effect on any other element logically associated
with. Another constraint is due to the different times the spatial data were collected in.
Therefore, the GIS is considered one of the most important modern technologies used in
information fields that provides a complete analysis of the management of land use, public
services, infrastructure, etc., whether these pieces of data are descriptive, numerical or
cartographic graphical data. GIS integrate spatial geographic features with alphabetic
databases adding topology and cartographically relationships that leads to great abilities of
multidisciplinary measurements, analysis and management to describe the site and its

characteristics using advanced programming to produce improved visualization and

sympology.

1.1 Motivation

In order to develop the disciplines that support the development process and not to duplicate
existing researches, the importance of this research has been studied for solving the electricity
problems that the Palestinian society is suffering from such as lack of network robust
management. The orientation of this study will be to use new GIS technology which is of
great benefit in improving the management of the network and its various resources, as well
as the ability to link data sets with each other with geographic locations, facilitating data
sharing and communication between different departments and the ability to support decision
making, which contributes to improving the electricity sector in Palestine and the possibility

of keeping pace with development and progress Worldwide.



Most of the information related to electricity is of a spatial and temporal dimension, so there
is a wide possibility to make radical changes in the methods of collection, documentation,
storage, management and maintenance of these data, which helps to benefit from them and
increase their effectiveness in terms of quantity and quality, and this is what distinguishes
GIS, where it will help us in specific spatial and temporal analysis, which would also lead to
make smart decisions supported by knowledge and data.

Therefore, this thesis aims at enabling electricity distribution companies to detect the spatial
location of grid problems and to specify their amounts and severity. This should provide an
effective and smart decision support system for the decision-makers to be able to analyze the
performance, specify the exact reasons for these problems, and to come to the best possible

practices to deal with them and best solutions.

1.2 Research Problem

The problems of the management of the electricity network, the management of the
distribution of electrical loads and power cuts constituted a headache for some of the
electrical networks operators for decades, especially when the demand for electricity
increases due for example to increased use of air-conditioning.

Qabatya town is an example of the above mentioned situation. It has an increasing number
of factories and quarries. Additionally, citizens use air conditioners increasingly. Therefore,
the electrical loads are dramatically increasing due to the large consumption of electricity.
The electrical network in different areas of Qabatya town suffers from occasional sudden

power cuts, due to the high electrical loads that exceed the maximum network capacity. In



addition to that, the fluctuations in electrical potential sometimes damage electrical devices
and appliances causing financial losses, disruption of citizens' lives, and large losses to
electrical consumers.

Also, there are many lines in the town of Qabatya suffering from high loads due to operating
the air conditioners at peak time which causes great problems, so this region needs to increase
the electrical network capacity to cover all its needs, in addition to the citizen’s responsibility
of optimizing the energy consumption.

Regarding the electricity theft problem, the municipality of Qabatya declared that this
problem is not local and exists in all cities, and that it is fighting this phenomenon by all the
available means.

After communicating with the electricity network engineer in Qabatya [1], he explained that
the electrical grid in Qabatya suffers from several technical and management problems such
as:

e Qabatya electric grid suffers from high technical losses between 15 to 20 %

e The voltage fluctuations exceed the universal level of +/- 5% from the source with
poor power factor on the low voltage grid especially in stone factories due to non-
compliance to install capacitor banks.

e Part of this losses caused by inadequate design of the low voltage network and due to
overloaded feeders leads to voltage drop in the network.

e There are many of remote control, SMS, GSM and SCADA connected for controlling,
protection and management of the network. But the problem is there is no platform
or software environment to link between all of these programs and databases to serve
the engineers for planning and administrate the network .

e Lack of the spatial data for the prepaid smart meters of consumers in database of



subscribers and this leads to inability to monitor the geographical location of the

consumers by x and y coordinates then ca not remotely control using the GIS.

This unacceptable status of the present electrical grid in Qabatya with the absence of GIS in

distribution management motivates toward.

The question we face as mentioned above, are there any effective techniques capable of

solving this type of problem in electricity networks??

We suppose that the GIS techniques can decrease these problems, this will be studied and

proven in our research.

1.3 Contribution

The aim of this thesis is to achieve several key contributions:

Building a research framework in Electrical Distribution system based on Spatial Decision
Support System using GIS in order to build a common multidisciplinary work to develop
Electrical distribution systems for improving the efficiency of the electricity grid.

The proposed research aims to represent the components of the electricity network
geographically, especially the medium and low-voltage poles, and cables, the
identification of transformers, feeders and their types, in addition to that consumers with
their types and behaviors and connected to any feeder specially at any phase.

Although the lack of possibility to get the hourly electric current, we contributed to find a
way to calculate the electric current at any point in the network, whether it is a line or a
pole, specifically at any phase network from historical data for the meters

Electrical equations and analysis techniques were implemented in GIS to model a decision

support system for Electrical Distribution Grids by using a hierarchical tree structure



model using Oracle database to store exported data and SQL queries for calculating the
electrical current and present it spatially separated for each phase to help managing
smartly the electric distribution

« Finally, the Feeders are geographically positioned and able to show the effect of its
operation or not on the network, considering the electricity properties and physics

parameters to model and estimate predict electricity losses.

1.4 Document Structure

This thesis is represented in six chapters and a conclusions. In the first chapter we list the
introduction, motivation, research problem and the main contributions.

Chapter two describes the state of art where the electrical distribution grid and Geographic
information systems for electric networks is identified, the development of electrical
distribution grid is reviewed, and the most related work is listed. In section two listed and
detailed the objectives of this thesis.

The third chapter is about methodology which is composed of many sections: the first section
describes Geographic Information system and its definition. The second section illustrates
the Electrical distribution grids and its components, then the Electrical losses types and its
meanings, especially the technical loss which is explained in its subsection and how to use
electricity equations to calculate the technical loss in the network. The third section is to
explain the spatial decision support system. Fourth section is about Geographic Information
system and how it is used as a tool for SDSS. The next section, is to explain Electrical System
Geodatabase in details. The Geometric Network and its component were defined, how to

model Electrical Geometric Network and how to manage the electric geometric network



by network analysis tools are illustrated in the fifth section . In section 6 is about modelling
our approach for SDSS for Electrical distribution grids.

The fourth chapter presents the Software modeling by using object oriented UML, in the next
sections to illustrates the main UML diagrams of the suggested SDSS to presents the
scenarios that describe the flow of the events in the system.

The fifth chapter illustrates the system implementation parts, study area, data collection and
preparing, used tools, additionally it presents the building of Geometric network, the next
sections for calculating electric current and losses using hierarchal tree, codes and results.
The last not least is how we build 3D Model for Qabatya electrical distributed network.
Testing and validating our SDSS results is illustrated in chapter six. Finally, the thesis

conclusion and future work.



Chapter Two: Background

This chapter introduces the field of Electrical Distribution Grids and some of its traditional
components. In addition, it lists the most related work in the field of Electrical Distribution
Grids management and other studies that discusses the importance of Geographic
Information Systems in government’s utility applications especially the electricity field. We
also describe Spatial Decision-Support System (SDSS). We finally describe Geographic

Information Systems (GIS), its definition, and illustrate it as a Decision Support System.

2.1  Literature review

Over the centuries, electricity networks and distribution systems have suffered many
problems, as mentioned previously. For example: Environmental impacts of power
generation, infrastructure ageing, technical losses of electricity ,equipment overloading,
increased demand for power quality and Reliability, low measurement efficiency, and power
theft resulting in significant business and economic losses[2][3]. Some research adopted
traditional methods to solve problems of electricity networks.

In [4], researchers used dynamical approach of the Crucitti-Latora-Marchiori (CLM) model
to solve the overload of substation in the North American power grid where they studied the
damage caused by the loss of individual nodes and after complex analysis the results showed
that the power grid in theory and experimentation is extremely strong in cases of random
failure. However they found potential damage to the network, such as limited disturbances
in the efficiency of the transmission of the power grid, and that the efficiency of the network
may be reduced by 25% due to the loss of any high-load and high quality transmission

substation.



Others used flow entropy to measure total heterogeneity in the distribution of energy flow.
The aim of this study was to analyze the causes of power outages in power transmission
networks by constructing the dynamic model of relay failure in the electrical power system
to identify important nodes or branches of the system which is of fundamental importance in
terms of system weakness and to determine the load flow of power grids, DC power flow
approximation was used to determine the load flow but the problem was that the errors of the

flow of DC power reached 10% [5].

Due to the complexities and problems faced by developers and researchers in the use of
traditional methods for the management of electricity grids and control all its components
and analysis of the problems that occur in it. The use of geographic information systems
(GIS) technologies has become very important because of its great facilities in managing and
analyzing such types of networks.

The main reasons for the success of GIS performance and the analysis of spatial data structure
and ensuring high accuracy in making improvements is the modeling of the topology of the
electric power system and its proper construction as in [6].

GIS helps manage distribution networks by planning the electrical and consumer network
database, which contributes to improved load management, reduced losses, and better
revenue, as research findings [7] have shown the importance of GIS as an excellent decision-
making tool to improve the distribution of electricity in Nigeria.

Moirangthem, J., Krishnanand, et al [8] integrate automation of a non-iterative power-flow
with Geographic Information System (GIS). Their method is called Holomorphic Embedded

Power Flow (HEPF). Theirs method produce a power-flow service over a communication
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network. Their proposed method is candidate for near real-time updates of the electrical states
of a power system. The system was a very good method for electrical network but they didn’t
use the capabilities of the geometric network for electrical network in GIS which is provided
in order to the analysis that they use a spatial analysis as provided in our work.

There has become an urgent need to use geographic information systems applications as they
are important in assisting with accurate and comprehensive knowledge about urban 3D space
for simulation and analysis in the areas of urban and environmental planning, city
management and disaster management. The authors in [9] took advantage of geospatial
techniques in their study to conduct a functional classification of land use, developing an
address-based geographic database in northern Nazimabad, examining actual design versus
implementation strategies for some basic facilities and proposing reconsideration and
redistribution factors. The maps prepared during their research may serve as an effective
analytical and planning tool for policymakers, emergency response and facility management,
and they have also developed a GIS-based electricity load analysis model to improve energy

load and suggest factors for reallocating resources.

The authors in [10] used the CityGML Utility ADE Network as a suitable data model for the
features of the underground utility network and related city objects above the surface of the
Earth. Check how to currently store and use Utility Network data in a database, and how to
utilize the data in the database to perform some routing analyses., the authors followed the
3D data modeling approach for the integrated management of underground utility networks
and related above-ground city objects. This approach consists of first manipulating the utility
data structure contained in the ETL Engine for commonly used feature processing software

to make the data compatible with the ADE CityGML Utility Network data model. After that,
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workspaces concerned with storing CityGML data are created in the 3D city database, which
has been expanded to manage network utility data as well. The study demonstrated the
suitability of the extended 3DCityDB for performing graph-based topographic operations
with the PostgreSQL pgRouting extension. Finally, they showcased the results in ArcGIS.
Through it became easy to find the things of a broken or broken city in the event of a strike
on the benefit, but the condition for carrying out such graphical analyzes is the formulation
of topological relationships between network elements which requires more other types of
relationships new queries and vice versa.

I.LHIJAZI et al in [11] showed the importance of CityGML UtilityNetworkADE in meeting
the requirements of modern urban complex facilities and needs of network infrastructure.
Where their study proved that the UtilityNetworkADE is capable of linking different network
systems, providing an integrated view to understand the relation to city entities. Several
examples are discussed on the various network data models and utility network problems and
applications that can be found between city settings such as electricity planning and
simulation. they used use cases to define requirements to evaluate specific network data
models where there was a need to link networks with other types of networks, intranets, and
city entities,, the researchers discussed the importance of the model in determining the effects
of maintenance operations performed on specific facilities on other types of networks and
will allow them to plan the network in conjunction with other city entities, as a change in
land use can affect energy demand in public utility network systems. In addition, they saw
that their model would help to see the full picture of the network, and use it to plan future
demand and maintenance and enhance management, yet they concluded that the model still

needs further development which includes:(Connectivity rules, application-specific
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extensions, reference network objects, and connection to the CityGML EnergyADE and to
Sensors).

G.Custodio et al [12] implemented an advanced GIS _based planning tool, named OpenGIS,
to assess the impacts of distributed energy resources on distribution networks, and to
investigate potential solutions for thermal and voltage problems, and to help accelerating the
transition to Smart Grids. The integration of OpenDSS, QGIS, and AIMMS along with a
friendly GUI created with Qt Designer allows results to be analyzed spatially, simplifying
the identification of voltage and thermal problems.

S.Nawaz-ul-Huda et al [13] designed a model using GIS to manage electricity production
and consumption in a transparent manner and they presented a case for a GIS modeling for
Spatial Electricity Management System in Karachi in Pakistan so as to help circumvent the
electricity theft and mal-distribution problems in the city. The researchers clarified in this
paper that the use of geographic information systems helped in drawing maps of the electrical
network and building a consumer database, which led to improved load management, reduced
losses, improved revenue generation, and possibly better relationships with the consumer.
Parkpoom et al [14] used a conceptual design model of GIS-based power network in
Thailand. Power transformers have been mapped using GIS and its applications. Researchers
used the capabilities of GIS and the system ability to manipulate geo-reference data. The
proposed method allows power system planners to work on the real system by relating the
output to the location of electrical wires and feeders. They use the GIS and GPS capabilities
to obtain data of poles and electricity cables. They used the obtained data to build an

electricity network using GIS that enhances and affects the performance.
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Many researchers have tried to address some of these problems using different techniques
(The most important was GIS). The researchers confirmed that the integration of geo-
information systems into electrical power systems is critical to any fast-growing developing
country with a large population, GIS and their applications play an important role in the
planning, analysis and control of the modern energy system [2]. In addition it provides the
ability to predict loads at the long-term, load flow and short circuit analysis. [3] they used
Global positioning system, remote high-resolution images, and Geographic information
systems to improve planning, maintenance and management standards in distribution
systems, GIS also helped them perform different types of analysis such as load analysis and
site analysis like the location of each pole, location of each consumer, and network analysis.
This is what we have demonstrated in our thesis, in addition to our ability to manage every
component and element of the electricity network not only the locations of each consumer,
cable and pole, but we have been able through our work to focus on network details such as
medium voltage and low voltage networks, transformers, feeders and all the 3-phases
networks, this is what distinguishes us from others, ability to identify type of problem, etc.
A. Khattak et al [15] clarified that the using GIS and GPS techniques that provides high
accuracy in mapping the electrical, analyze and find optimal solutions to electricity problems.
They used this techniques to map the 11 kV feeders and to carry out the load flow analysis
in SynerGEE Electric software. Results show voltage drop and annual energy loss using
Bifurcation and load shifting techniques, moreover, a single feeder can be optimized in
various ways to determine the best ideal method, which can be beneficial to the distribution
network.

GIS importance is also coming from the increased controllability of the electrical system and

its ability to identify the location of malfunctions on the map, its ability to manage
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interruptions and analyzing user’s requests and behavior, the determination of the best
location of the network components, which is essential for the success of the smart grid [16].
The paper discusses the subject of the smart grid and its importance and impact in the
development of the energy sector in India into a secure, adaptable, effective and sustainable
energy system within a specified time frame. A system has been proposed that provides a
reliable and competitive energy to meet the needs and aspirations of all the citizens through
the active participation of all stakeholders, and the innovative technologies and policies
owners. The smart grid helps reducing greenhouse gases, filling electricity shortages, and
reducing the economic and the environmental losses, etc. Authors explains the importance of
the GIS in managing the smart grid by building a powerful and appropriate model for network
work methods by understanding the relationships between the network, the surroundings, the
planning capability, and the data management and analysis [16].

Author’s in [17] redesign the distribution network of Milano based on geographic
information system (GIS) and a cascading of MILP (Mixed-Integer Linear Programming)
approach. The purpose of this work is to propose a procedure for testing a real large-scale
distribution subsystem of Milano .they use geographically referenced data to determine the
optimum shape of electricity distribution network, and perform computational measurements
on it. They use GIS that maintains, creates or removes cable routes, taking into account
electric power cable joints. Considering that joints, results in a more effective topology and
profit optimization. They focused more on the whole shape of the electrical distribution
network ignoring the details of the network elements such as consumers and all component

of the low voltages network that our proposed system focus on it.
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In [18], the authors provide a developed geographic information system (GIS) for the
integration of solar energy into energy planning in a wide area of Province of Frosinone in
central Italy. They chose this area because of the weak active performance of existing
buildings and the climatic characteristics of the area). The model that has been put to use
equations and the (raster data grid) as tools to analyze the many quantitative assessments
needed at the planning stage. This model has specialized only in solar energy data where it
aims to comprehensively analyze the different energy production scenarios in the Province
of Frosinone.

The data was submitted on the basis of: The availability of land, and the high land production
potential classification from RES, taking into account the restrictions listed in the Italian code
to limit the spread of solar power plants on lands dedicated for use, for example, placing solar
power plants at a distance of at least 2 km and not exceeding 10% of the land area. The main
agricultural land was excluded in order to avoid the loss fertile land and was limited to the
available space available for the production of solar energy on grassland and heterogeneous
agricultural land. After study and analysis using GIS, they found that the actual available
land to utilize is located in the valley areas of the province and is often close to the cities.
Thus, the installation of solar power plants will allow the rehabilitation of these areas and
these stations will be close to urban areas where the demand on energy is high on energy
[18].

The Integration of the renewable energy sources where the active productivity of these
sources should be assessed, the technology has been taken into account, thus, in the proposed
model different data on buildings have been included (such as the classification of surfaces
types i.e. tapered, flat, inclined, etc.) and the theoretical characteristics of the solar panels;

This classification process helped them to assess the area by the occurrence of solar radiation,
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a three-dimensional model was produced for the buildings identified by the examined
database. The obstacles they faced at this stage are that they could not obtain the data of the
inclination of roof directly through the model because the gutters and the roof surfaces are
not able to be assessed. There are also obstacles that reduce the useable space for installing
solar panels such as windows, chimneys, stair cases, etc.... [18]

Authors in [19] discussed the problems of power cuts that make tremendous negative
economic results over a long period of time, particularly when the affected province contains
many commercial units, this problem has made the authors think about building a web-based
system for smart cities able to: Connect to web sensors that collect power cuts data, also
connect to web services that provide an estimate of economy losses (ELES), processing their
spatial database over the web, and finally provide data for real-time power cuts and the E.L.E
in real-time by creating and sharing web map services (through WMS). This spatial Web
service has provided this tool to support the decision-making in emergency management in
responding to crisis in the energy sector in real time by helping to prioritize the restoration
of processes in electrical facilities to reduce the economic effects of power cuts, helping to
improve decision-making and planning, and enabling real-time monitoring, supporting
operational decisions, solving critical problems, and creating new and innovative experiences
in smart electrical facilities and smart cities making these cities more flexible. The
disadvantages of this system are using of (ArcGIS for Server) which is an expensive program.
Moreover, this system needs to make flexible and upgradable. Another disadvantage is the
usage of the simple E.L. calculation models.

In their study, J.Acostaet al [20] focused on technical losses and how it can be defined and
minimized based on measured data and modeling energy systems in IPSA. Their developed

methodology was to identify the losses in the low-voltage network with limited data
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available, they proposed interventions in order to improve the overall efficiency of the
distribution of power across Scottish and Southern Electricity Networks and reduced the
respective cost (6%) to the customers.

V.Telukunta et al [21] studied the technical losses in distribution networks for 11kV
Hosakote agriculture distribution feeder in Chamundeswari Electricity Supply Corporation
Mysuru area Karnataka, India. The proposed methodology was to collect the proper technical
data of the network, loss evaluation and finally loss reduction, they used GIS for mapping
the data, and for measurements, used two approaches for reducing the technical losses in the
electrical network. Replacing the inefficient irrigation pump sets and 11kV network
reconfiguration by using particle swarm optimization technique. Their study results showed
that the reason for high technical losses in the network was all substandard pump sets and 90

percentage of pump sets are re-wounded at least ones and overloading some of DTR’s.

[22] Discusses the problem of congestion of the electrical network resulting from the
complications that leads to many problems including unexpected electrical power cuts.
Network congestion is a condition or situation in which power transfer restrictions (placed
by engineers and specialists) to reduce the flow, transfer or productivity below the levels
required by market participants or government policy. Increasing of DER (Distributed
Energy Resources), shall increase the restrictions thus increasing the congestion problem.
This research illustrated the importance of GIS in helping to manage the smart grid by placing
its major components such as batteries more properly, and also by providing a model for
improving network operations by balancing the supply and demand for electricity, so that the
proposed model helps companies in decision-making by identifying the potential congestion

areas and identifying areas priorities where additional actions are needed (priority can be
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given to areas where potential demand to charge batteries) and to detect areas where the
DERs may provide a general benefit.

In some studies, the orientation was towards critical and repeated electricity problems such
as commercial losses in electrical distribution system over the years in an attempt to solve
them in several ways. Some applications and devices capable of detecting electric theft were
designed and implemented on GIS, for example, [23] authors used a robber detection device
that helped detect the thefts, some of it was by consumers illegally using bypass ways, this
has been applied by Microcontroller to calculate the difference in input and output voltage,
if there are differences, a message of theft is sent through the Global System of Mobile
Telephoning, while the reliability of the identification of data sources through the use of the
and the functions of the software may be subject to failures was one of the dilemmas

encountered in their study.

Others [24] discussed the problem of loss of electricity may be technical as problems in the
wiring or parts of the electricity network or non-technical such as thefts, MATLAB
techniques have been used for analysis, loss assessment and solutions, but it turns out that if
it was the data was detailed or accurate more precisely in particular both technical and non-
technical losses which is not exist in general then the results will be more accurate and
reliable.

Au et al [25] calculate technical losses depended on feeder load factor and feeder
characteristics, such as feeder length, peak demand to installed capacity ratio, and load
distribution profile along feeder. They used the energy distribution along each network

component to calculate the percentage technical losses for the whole network. Requires
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minimum component and data but it is give an accurate results which is good advantage of
this study.

Others [26], focused in calculating the low voltage losses in Britain. They aims to reduce the
whole network losses. Losses calculations is affected by the configuration, interactions with
other incentives and the cost-effectiveness of possible actions. They try to build a real model
of the network and this was one of the difficulties that they face they present at the end of the

papers some measures for losses reduction.

CONCLUTION

This chapter discussed the term of GIS as one of the best technologies that facilitate data
management, and its importance and abilities to support spatial decisions because it
consideration for geographic data, location and spatial distribution. These abilities are very
important and effective for managing electrical distribution grids, many researches and works
were listed to highlight the importance of the suggested subject and specifically the suggested

work in this thesis work.
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Chapter Three: Needs Analysis

To achieve the objectives of the proposed thesis, several main stages were followed:
beginning with describing the need assessment methodology that we will follow it : the first
one is the Geographic Information system and its capabilities to support spatial decision
through managing electrical distribution grids and its components, solve problems that may
faces such as electrical losses and it’s to use electricity equations to calculate the technical
loss in the network depending on hierarchical tree that structured using geometric network

components.

3.1 GEOGRAPHIC INFORMATION SYSTEM

3.1.1 Geographic Information system (GIS) definition

Geographic information systems in general is an information system that depends on
geographical data, these systems allow to store, configure and formed this information, and
therefore it will works by processing and visualizing the data. [27].

GIS is the science that is concerned with collecting, processing and studying geographical
information, and it depends on recognizing maps, aerial photograph, using tables, working
to treat them, and making sure that they are completely correct, and free from any errors, so
that they can be preserved, and used when needed, especially In cases where it is necessary

to study it, or analyze it via computer, paper, or graphics [27].

Geographic information systems (GIS) have the ability to collect, input, process, store,
retrieve, query, spatial and statistical analysis, and display and output spatial and descriptive

information for specific purposes, and helps planning and decision-making [28].
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GIS shows its importance in determining the coordinates of each component in the map
(location) as well as the topology relationships between these components, will make this
environment very effective and promising to make smart design and manage spatial decision

support systems especially for the electrical grids.

3.2 Electrical Distribution Grids

It is a power distribution system consisting of cables/wires that deliver electrical energy from
its start (connection or purchase) point to end users. Electricity distribution systems are
primarily designed to meet consumer energy demands. This is done by taking energy from
the main stations and connecting them to the different customer stations either by
underground cables or lines above the ground. Because there is no free space, some cities
and towns rely on underground cables and rural areas use air lines [29].

Usually, electricity is transmitted at a very high voltage through power lines spread across
rural areas. The higher the voltage, the lower the current required for the same amount of
electricity, and consequently the less electricity is lost. (The resistance to the current in the
lines creates heat that causes some electricity to be lost)[30].

When electricity reaches the neighborhoods where customers reside, transformers convert

high-voltage electricity to a lower voltage for distribution to homes and business centers [31].

The electrical network consists of the four major component [32]:
1. Generation station: It is the power plant where electrical energy is generated. There
are a lot of types, sizes, voltage levels, and categories according to resources of

electrical generators. [33].
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2. Transmission and sub-transmission: It is the system that is used to transmit electrical
power from the generation side to the distribution system. It normally operates at high
and extra high voltage.

3. Distribution: It is the system that distributes electrical power received from the
transmission and sub-transmission system to the electrical consumers. It normally
operates on both medium and low voltage levels. This is the system that we
concentrate our study at. It includes many components such as different types of
electrical poles, wires, cables, switches, transformers and others.

4. Consumption: This part consists of all the electrical consumers. It is the core of the
electric power system. All of the power system is built up to supply and satisfy the
electrical needs of the consumers with adequate quality and quantity. Each consumer
has different needs from the other, and the types of consumers are classified according
to these needs, which may be residential, industrial, commercial, etc.

Figure [3.1] below shows a sketch of the electric power system with its four major

components.
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Figure 3. 1: the electrical network component [34].

3.2.1 LOSS DEFINITIONS IN Electrical DISTRIBUTION NETWORK

Electricity distribution grids suffer from the excessive growth in losses resulting from
the loss of electrical energy, and this results in the loss of a large amount of allocated
resources without utilization, which leads to an increase in the burdens on the
electricity companies.

Electricity losses can be divided into [35]:

Non-technical losses: often due to electrical current theft, non-payment of electricity
bills by consumers and possible mistakes when accounting for electricity
consumption

Technical losses: These are losses caused by internal procedures of the energy system,
such as energy lost through transmission lines, transformers, measurement systems,

etc.
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The transmission and distribution of electricity across transmission lines and substations is
usually accompanied by technical losses, mainly due to the resistance and iron core loss in
the metal lines connecting the power plants to the end users. Incomplete infrastructure also
weaken efficient network operations.

The high technical losses in electricity distribution grids are mainly due to the lack of
rehabilitation of power lines, in addition to the insufficient number of substations, and more
losses due to increased distances (technical losses are proportional to the distance covered by

electricity) [36].

For this reason, the proposed system will study the technical loss of the electrical network by
finding the relationship between the electrical current passing through the lines and the length
and resistance of the cables, which is what GIS will offer us in its great ability to define and
store the exact lengths of each cable. Once you draw any line (cable) using the ArcMap
program, it will calculate the length in meters for this line very accurately and also by using
the program tools, it will make it easier to perform the calculations and apply the equations,

which will save effort and time, in addition to giving real results, more correct and accurate.

Below is a definition of terms in Electrical Distribution grids [37] that will considered to calculate

the technical loss in the low voltage network:
e Electric current: a flowing electrical charge as or a stream of electrons traveling from
one place to another through a conductor
e Ampere: a measurement unit of electric current intensity
e Electrical resistance: is a characteristic of electrical circuits, which is a part of the

electrical circuit that converts electrical energy into thermal energy, where it is
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defined as the ratio of voltage applied to the device or circuit divided by the electrical
current flowing through a device or circuit, and this is also known Ohm's Law

e Ohm: It is a unit for measuring electrical resistance, symbolized by the symbol Q.

e Electric Voltage: It has other names, such as the electric or driving force, which is the
energy that is given to the electron to be able to move, and is symbolized by the
symbol (V) and measured in units of volt (\Volt).

e A prepayment meter: It is an electronic electrical device that measures the electrical
energy consumed in the place in which the consumption is calculated, but differs from
the regular electricity meter where it does not conduct electrical current unless it is
pre-charged with the consumption value for a specified period of time

To calculate electrical Current at meters we will depend on these equations:
1. For Single phase:
I=P/V [1]

Where we have adopted the value

of V=220 volte
I is electric current
P=Hourly consumption rate.

2. For three phases:

P=\/§V3®*I*cosﬁ [2]



26

So ...

I =P/\V3V3¢ * cos?d [3]

e And using formula for calculating the Electric Losses for each cable:

Plosses = 12 * R [4]

Where R= L *R [5]

Plosses - is the power loss in each cable

R :is the cable resistance

L: is the cable length.

3.22 TECHNICAL LOSS DETECTION USING Hierarchal MODEL

Hierarchical tree depends on the principle of the hierarchy in the work, as it makes a sequence
from the root, as this system begins to branch in the form of sections, and the principle of its
work is based on accessing data in a sequential and branched manner, and it is either from

the bottom up or from Top to bottom [38]. Figure [3.2] illustrate the hierarchal tree

components.
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Figure 3. 2: The hierarchical tree components

Components of the hierarchical tree will explain as follow:

Root: The highest element in the tree (at the top) as shown in the image above
(which is A). The feeder are the root in our approach.

Children: The element below any other element (B, C), we represented the poles as
children of feeders.

Parent: the element above a specific element (such as B is the parent of D, E). The
poles is also represent the parent.

Leaves: Items that do not have any children (such as K, F). The Leaves represent
Meters in our case.

To calculate the technical electricity loss, we will need to information’s which are
electric current and resistance for each cable.

First, we had to calculate the electric current at each pole, and to get the current
values, the data must be built in a hierarchical tree structure. As we do not have the
current values initially, but we can know the electric current at the meters (which is
leaves of our tree). From this information, we can use the hierarchical tree to calculate

the current at any point in the network using the backward approach (bottom up).
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To do that we will add the parent for each meter, by using Geometric Networks, we
have the ability to do that by selecting each meter on the map and then selecting the
pole connected to it, then selecting the pole id and adding it in the column that we
will add to the meter layer and call it the P_Source.

Now that we have the parents of the meters, we will build the hierarchical tree
structure in the LV _Line layer, and we will add four column which representing the
root (Feeders), children, parents and leaves, as we indicated previously that the poles
will represent parents and children, as they are the children of feeders, or may be the
parent of another pole, or it may be the parent of the leaves, which are meters.

We will determine for each line its source and destination weather was any of
hierarchical tree elements.

After we will build our data structure as hierarchal tree now we can calculate the
electric current at any pole or line, by using hierarchal tree query, where the electric
current will be the summation of all electric currents of meters that connected to this
pole.

but the complexity will be in calculating electric current at any pole for any phase (A,
B, C), where the meters distributed in 3 phases network, our proposed system will
make it happen by propose algorithm to calculate current depend on hierarchical tree
take into account phase type, by selecting just the meters of one of these phases or
the meters of 3 phases.

If we success with calculating electric current at any pole or line we can also
calculate the electrical technical losses, by using forward approach (Top to bottom).
we have the current at any pole or line already but the resistance value from source

(root) to destination are unknown, but we know every line resistance value when build
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LV_Line layer, by using hierarchical tree that we build we will can calculate the
summation of line resistance (which is the a product of multiplication of the line's
length in km Dby its resistance) from root (feeder) to determined pole or line. Then
multiply this result by square of electric current that was calculated previously which,
the result will be the electrical technical losses.

e This well be our proposed SDSS, where all elements of our database structure have
location and we will help decision makers to manage the electrical network by give
them this valuable information’s about loads and electrical technical losses especially
on specific phase.

e We will use relational database and geometric network in ArcMap for representing
electrical data, to then build hierarchical model of data, after that we will export
spatial data in hierarchy model to implement hierarchical tree queries in Oracle DB
to calculate electric current and loss at specific pole or LV_Line and represent it
through website using java programming language. The result will extracted and will
import it again to ArcMap to do visualizations of it by detailed every phase network
losses and loads.

The Figure [3.3] below that illustrates the mechanism of our approach in general.
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Figure 3. 3 :The flowchart that illustrates the mechanism of our approach

3.3 Use Case Diagram

Use case is a set of scenarios that describe the interaction between the user and the system, it
is shows the relationship between "actors” and use cases. It helps in revealing needs and
planning the project. Most of the use cases should be known during the first stage of the
project, however, since the project is still outstanding, we will see more [39].

In figure [3.] explain the use case diagram of proposed system. The two main components of
the use case diagram are:

e The actor: represents the user or other system that will interact with the system we
modeled. In this system we have three main actors which are: Admin that control all
system, the SQL Navigator, and Municipal Data System.

e Use case: is an external view of the system, reviewing some procedures and functions
that the user can take to complete the task.

e Relationships: They represent the relationships between use cases, for example
extends and include, the difference between them are illustrated as follow:

a) Extend: comes in the sense of expanding as the relationship between mother use case
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and subsequent use case is optional. Assuming it is not required to import the results
of operations performed by SQL navigator to calculate current and loss into the
ArcMap.

b) Include: It comes with a meaning that involves as the relationship between mother
use case and subsequent use case is compulsory, meaning that in order to achieve
what is in the mother use case, it must achieve what is in the subsequent use case. For
example, the function of calculating the current must call the necessary data for it.

Admin tasks: collecting, Digitizing and editing relevant spatial data for medium and low
voltage network in GIS, then built the Geometric network to connect the relevant geometric
layers in order to express the complex electric system components and show the electric flow
and its distribution spatially. Cables at 3 phases will be digitizing and relevant attributes will
be adding just as material and cross section area, length will calculate geometrically, and the
resistance will calculate mathematically. Then we going to present the network spatially and
calculated measures were connected in order to produce semantic maps highlighted the
distribution that helps making right decisions. Obtaining missing electrical data to build a
spatial SDSS to calculate electrical technical losses using the capabilities of GIS by applying
electric theories and equations using backward and forward approach. Cables at 3 phases
were digitized and relevant attributes were added just as material and cross section area,
length was calculated geometrically, and the resistance was calculated mathematically.
Integrating computer science with GIS provided the ability to produce a spatial decision
support system that helps to manage complex Electricity distribution network.

A 3D model will be creating to give a virtual really image of the system to help the decision

makers to manage electrical network smartly and making right and effective decisions.
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3.4 Spatial Decision-Support System (SDSS)

It is an interactive, system-based software that aims to help decision makers collect useful
information in the form of a mixture of raw data, documents, personal knowledge, etc. that
links data, complex analytical models, and data analysis tools to support business and
organizational decision-making activities[40].

Decision support systems are considered one of the most important information systems that
depend on computers, and they were a harvest of development in information technology
during the seventies and eighties as a natural development for the way computers are used.
This system simply focuses on providing appropriate support to improve the quality of
decisions, as it works to achieve this requirement by incorporating data and models and
software in an effective decision-making system. Given the nature of its composition, it is
extremely important, as it carries in its establishment highly developed information
technologies, which leads to the organization obtaining a competitive advantage for all of its
competitors who do not use these systems [41].

According to this importance, there are many domains of its applications in institutions, and
in order to achieve the effective application of these systems, there must be several factors,
the most important of which is support for senior management in addition to the availability
of the cadres in various fields of economic analysis, statistics and operations research [41].

Figure [3.3] bellow shows the SDSS model.
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Figure 3. 5: The SDSS Model [42].

3.5 Geographic Information System as Decision Support System

GIS is one of the important tools that institutions, and organizations working in the domains
of future planning and development (which represents regional and urban development
strategies and planning in one of its areas) seek to use mainly in support of decision-making
and to benefit from their high capabilities in monitoring, documentation, analysis,
demonstration and other capabilities that It is required by the nature of those studies dealing

with large amounts of spatial and descriptive data [43].

To maximize the benefit of the collected spatial data, institutions and companies are
interested in converting geographic databases into an institutional form that allows more than
one user or management to access and modify data simultaneously, which saves a lot of time,
effort and cost in the medium and long term and later gives a broader horizon in data

dissemination and design Institutional applications on them [43].
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Many scientists and strategic experts describe the current era as the age of the information
revolution, which is characterized by the revolution of telecommunications, remote sensing
and information systems, which can provide, transmit and analyze information and important
data at the moment to support decision-makers in many important decisions that require the
accuracy, speed and reliability of the data and information [44].

It has also become certain to adopt a spatial analysis method (such as Topology Overlay,
Raster Analysis, and Surface Overlay) using digital maps contributes to preparing the
required analyzes for accurate development of areas and increases process efficiency and
planning product. The goal of establishing an institutional geographic database is to
implement technologies, methods, and standards that lead to the use of both geographic
information systems data and services in a high degree of efficiency and effectiveness [45].
Therefore, when institutions establish a comprehensive institutional geographic information
system, users of this data from different departments They can fully devote and increase the
time required to perform the required analytical tasks on the spatial data while reducing the
time spent searching, collecting the data required to perform those tasks. It can be said that
institutional geographic information systems consist of technologies, human competencies,
and the various data sources needed to create, preserve, display, research, and share
geographic data and its services in the organization. Leading to an Effective Spatial Decision
Support System (SDSS) [46].

Moreover, the capabilities of geographic information systems can be improved by integrating
them with multimedia technologies to provide more realistic applications that make them a
better tool to support decision-making due to the improvement in the accessibility of
information related to development procedures and positive results from increased citizen

participation and interaction [47].
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Also, the process of publishing spatial applications on the Internet added wider capabilities
by providing greater support to citizens concerned with development by providing them with
real-time information about the projects under study where citizens can collaboratively
participate in community development and on the other hand in building confidence and the
right to participate in decision-making taken by the planners [48].

The study of current electrical systems of Qabatya city illustrates the need to develop new
models for urban power management, especially in crowded areas for better management of
electricity grids. The suggested approach is part of computer modeling to improve network
efficiency. The approach we recommend is based on new models of distributed reasoning,
dynamic and cooperative.

As part of this research, we propose to treat the control of the power grid as a system where
decision-making is distributed among different components. The originality of this approach
lies in proposing new mechanisms for thinking about solving electricity problems and
improving grid management. Different models for the network well be developed in GIS.
These models will take into consideration all electric grid attributes (types, location, etc.).
We place ourselves in the context of decision support systems for the anticipation (prejudices
or information) about the events leading to electric losses or outages. We will consider
conflicting interests and priorities according to Feeders types, and so forth. All data for each
entity represented in the electric system will be collected and worked upon, these data are
low and medium voltage poles, transformer, Feeders and their types, data of buildings and
roads and all about the electricity grid (all of this will be linked to the geographical location).
GIS techniques are suggested to digitize, save, visualize, analyze and manage the handled
layers of spatial data. 3D models of the study case area will be built, visualized and presented

to give better point of view to the electric system and the surrounding spatial effects.
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3.6 Approach of SDSS for Electrical Distribution Grids

The proposed SDSS deals with the study of the performance of electricity distribution grids
because of its importance in managing traditional and modern complex networks due to the
tremendous development in electrical equipment etc. as it contributes to obtaining an
integrated vision of the performance of the electricity distribution network in the various

distribution and maintenance operations related to the electrical network.

3.6.1 Build SDSS Model

The proposed SDSS model is demonstrated in figures [3.4], after collecting, storing,
designing, modifying and preparing data, then building geometric electrical networks for the
electricity distribution network using geographic information systems in Qabatya city as a
spatial decision support system.

After building the geometric network and linking all its elements through it, it will help
decision makers to analyze the network using the capabilities provided by the Arc Map
depending the exact locations of each element in the network, which helps this analysis in
making the right decisions about network management or maintenance, etc.

A special data structure will be built to deal with the requirements and to enable calculation
of the technical losses using the electrical network structure. The Palestinian electrical
networks suffers in general and in this city in particular, the lack of instantaneous current
readers for such data, The suggested model in this thesis | will attend to solve this problem
by obtaining consumption data for each consumer during a certain period, from this
information the electrical current will be calculated at every point in the network, by

calculating the hourly consumption of each meter and obtaining historical data from the
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electricity system of the municipality of Qabatya during a period of time. After calculating

the current at the meters it becomes lacking in its knowledge at any other location in the

network. Therefore, a new data structure will be suggested to capable of calculating the

current value at pole, any cable and any phase in the network.

By knowing the current and the resistance of the cables, we will suggest a way to calculate

the technical losses at any pole and each individual phase in the network too, and the accurate

results will be contributed to increase the accuracy of the network assessment and support

the decision-making processes, especially when the results will be presented in the form of

thematic maps and build a three-dimensional model that simulates the current state of the

electrical network close to visual reality.
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CONCLUTION

Our research methodology was discussed and the importance of GIS was described as a tool
that supports decision support systems and its tremendous ability to deal with complex
electricity networks. The Approach for modeling data structure for calculating technical loss
in low voltage network was described and discussed. Hierarchical Model is one of the most
effective method to calculate electrical technical Losses, we had presented the

suggested SDSS model which was built based on arc map 10.3 and SQL oracle platform.
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Chapter Four: Geodatabase design and development

Electrical distribution grid data can be stored, digitized, modified in a geodatabase.
Geodatabase used to build the electrical geometric network that connects all electrical
distribution network components which give us the ability to analyze electrical network,

detect its problems which can help decision makers to take right procedures and decisions to

solve it.

In this chapter we explain the thesis objectives and Electrical system geodatabase, then the

geometric network and its capabilities in the analysis.

Finally the main UML diagrams to describe the flow of events in the proposed system,

including class, sequence, and activity diagrams.

4.1 Goals and Objectives

The main goal is to build new spatial decision support system for electrical distribution grid

based on GIS to enhance electrical distribution system in old crowded cities with difficult

topography.

£ ild electrical geometric Network

Build new geodatabase structure Develop electrical Models Va:;dation
=L
Verification
Build 3D Model L Build SDSS

Figure 4. 1: Thesis Objectives

Thesis Objectives
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As shown in previous Figure [4.1], the objectives of this thesis are as follows:

Objective 1: built a geometric network that connects all electrical distribution network
components which give us the ability analyzed electrical network, examine and present the
flaw direction of the electric current, and detect its problems which can help decision makers
to take right procedures and decisions to solve it.

Objective 2: Implement electric theories and equations to calculate daily and hourly power
consumption were they helped to calculate the electric current for each consumer’s meter.
Obijective 3: Calculate the electric current and technical losses at any pole, cable at any phase
in medium voltage network using a hierarchal tree structure model.

Obijective 4: Validation, verification and calibration of models.

Objective 5: Create a 3D model for the electric network and the voltage vs. length, phases
were highlighted for each cable and each phase, the network will separate and each phase
was presented individually. And then to present results of suggested SDSS spatially on the
map, presenting, semantic maps using graduated color sympology for the electric current for

each cable.

4.2 Electrical SYSTEM GEODATABAS

Databases are considered one of the most important reasons for the development and progress
of information systems, as the world's data is stored in databases, and the databases also feed
other systems and reports for different goals, the different programs that use databases, and
the different goals of their existence, had make databases to take many forms and models.

Everything collected without organization makes it difficult to access, and databases are no
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exception to this rule. So methodologies were founded for organizing and arranging
databases to facilitate and accelerate searches and access to stored data. Some are traditional
and some are modern, but in both cases, the programmer must have knowledge of what
preceded and what is now.
GIS technology is built on the ability to organize databases as a series of layers that can be
integrated and merged using its geographic location. On the basic level, every database of
geographic information systems is organized in the form of a series of layers in order to
answer questions related to a specific problem such as carbines, transport, environment and
surface water etc. [49].
The geodatabase is the main organizational structure, data storage format and relational
model in geographic information systems. It is a comprehensive container that includes
different types of geographic data sets, the most important of which are Tables, Feature
Classes, and Raster Dataset [50].
The geographic data model implemented in the design of the geographic database is the basis
for all the activities, processes and analyzes that are subsequently performed in geographic
information systems such as the production of expressive maps to support decision-makers,
information retrieval, and the production of spatial analyzes[51]. To achieve these goals,
Geodatabase Design must follow a deliberate and careful scientific approach. Good or
Satisfying design of the institutional geographic database is produced by making sure of the
good construction, effectiveness, and functionality that this design reflects, which enables
[51]:

e Achieving the goals and supporting the predetermined needs.

e Contain necessary data without duplication.

e Organizing data institutionally, enables more than one user / department to access
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data.
e Ease of editing, adding and managing them well.

e The ability to build institutional applications on it.

When designing a geographic database, the layers that are used during the design of the
geographic database must be specified in addition to defining their content and how they are
represented. This includes [51]:
e How to represent geographic data (for example in the form of lines, points, polygons,
raster image or tables)
e How to organize data into classes of relationship properties
e Rules used to ensure the integrity and integrity of data and tables using: topologies or

networks etc.

4.2.1 Inside the Geodatabase

The hierarchy and the schema of the geodatabase is classified to logical and physical schema
[52]. The logical schema represent the metadata of the geodatabase, examples of logical
schema the cables (line feature) can be presented as complex or simple edges, the main
cables will be complex edges , the local cables that connected to the end users( meters) will
be simple edges type. Every point in the electrical grid (connection points, transformers,
feeders, poles, and meters) will be presented as junction in the network. When the geometric
network will build every line will connected to other line through junctions.

There are many types of geodatabase, file geodatabase, personal geodatabase and enterprise
geodatabase. The file geodatabase used to build the electrical distribution grid.

The second class of the schema is the physical schema which used to design the geodatabase
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for our electrical system as represent bellow:

Feature Dataset: Created and stored within the Geodatabase which has the same
coordinate system and spatial reference, where in it spatial relationships using
topology and networks [53]. All collected data will store in geodatabase to have a
geographical meaning, where every part of data will be linked to a location.

Inside the feature dataset will be build all electrical distribution grid features which

is: Cables, poles, towers, transformers, feeders, and meters features.

Topology:

What is Topology?

This topic can be defined in a very brief way ((the topological process aims at the

integrity of spatial data, so that we make the (Geodatabase) any metadata more

accurate [54].

So Structural Topology is a way for GIS to know the following:

1- Where is a phenomenon in relation to other phenomena?

2- Which parts of the different phenomena have a connection between them?

3- How does communication occur between phenomena (to give us the ability to
move between phenomena as in linear applications such as road networks,
waterways, etc.)?

Structural setup helps us ensure that data is not unnecessarily duplicated in the

database. The database stores only one line to represent one specific border

(compared to two lines, one for each polygon). The database here tells us that the line

is the left side of one polygon and it itself is the right side of the adjacent polygon.

There are three important concepts of structural composition in representing the

spatial relationships of phenomena [54]:
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1- Adjacency - to represent common borders
2- Connectivity - to represent common nodes with curves
3- Containment, or polygon definition - to represent polygons through curves, and
to represent polygons within polygons as in the Islands phenomenon. The GIS
program creates a database that maintains and tracks relationships as a series of
common phenomena. In a regular map consisting of areas or polygons of the
Earth’s covering, we find that the polygons are composed of linear chains that we
call Arcs - as in the Arc Info system, which have curves that polygons share, and
others that do not share polygons. The database syntax permission is designed to
keep a list of all the curves and how they share and relate to the information for
each polygon. «» Linear database links Vector Database Links: The connection,
as recorded in the structural composition in the database, allows us to perform
operations such as identifying bridges and paths from one phenomenon to
another. Relational inquiry capabilities with constructive data structures give us
the ability to examine through complex logic to identify and discover sites worthy
of our attention during GIS analysis processes, and here lies the power of these
systems.
e Networks : It is a system consisting of many interconnected elements, such as lines
and points, networks divides in ArcGIS into two groups [55]:
a) Network datasets: what distinguishes this network is that the direction of the
flow is two-way, such as transportation networks.
b) Geometric networks which is applied to sewage, electricity and water
networks, different from a network dataset is that the direction of the flow is

restricted in one way direction, and this is logical. For example, the electricity
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network stream from the source towards consumers not vice versa.

4.3 GEOMETRIC NETWOR

Geometric networks: it is a modeling of utilities such as electricity, water, sewage, gas, flight
networks, etc. It is called the infrastructure engineering network and it is subject to complex
rules [56].

It represents a correlation between several feature classes files built inside feature dataset,
these files be a line or point type, and we can benefit from this network to know the direction
of flow through identifying sources and sinks with the possibility of analysis in the event of
a break or malfunction in the network, it can find location of breakdowns, fractures etc. [56].
Geometric network will be built considering its geometric and topologic rules, geometric
network is composed of edges that are connected. Connectivity rules for the network specify
which edges are connected and at what points they are connected, commonly referred to as
intersection junctions. These edges can have weights (attributes and properties) or flow
direction assigned to them automatically according to the network graph, which dictates
certain properties of these edges that affect analysis results such as electric lose. In the case
of certain types of networks, source points (points where flow originates) and sink points
(points where flow terminates) may also exist. In this research, as a case of utility networks,
a source point correlates with an electric supply, and a sink point correlates with an electrical
consumer (whether residential, industrial, commercial, or others). Networks define the
interconnectedness of features in general. In GIS, it also defines the location and the spatial
distribution and the integration with other layers such as buildings, roads, consumers and
historic data. A set of tools, analysis and methods will be used or programmed to manage

and optimize the suggested electric network in Qabatya city smartly.
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When we say electricity geometric network, it will definitely be built on a number of feature
classes that represent components of electricity grid: in our case the electricity component in
general is the source that feeds the city of Qabatya, which is the Israel Electricity Company,
extends to the connection points and then to the medium voltage network and medium
voltage towers, after which it extends to the low voltage network and the low voltage poles

to the consumers at the end.

Geometric Network Component

Geometric networks are consists of the following elements [77]:

1. Edges network features:

It is a feature that has a certain length and the direction of the flow, and through it
which the direction of the flow, it is created from Lines feature classes, for example,
the transmission lines of electricity through which the electric current flows

There are two different types of edges:

e Simple Edge: this type has only one in point and one out like sub-power lines

e Complex Edge: each line has more than one branch, like Medium voltage cables, and
low voltage cables.

2. Junctions network features: It is created from points feature classes, which allows to
connect two or more edges, and ease the transfer of flow between edges, for example
:Feeders, fuses, switches
There are two different types of junctions:

e User-defined junctions: it is a junctions are created based on points feature
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classes, which were added during the construction of the geometric network,
such as transformer points, feeders, poles etc.

e Orphan junctions: the network automatically builds it, upon completion of
the construction of the geometric network as it is very important to clarify the
network faults, especially at the ends of the edges, if there are points that are
not connected to the edges, or if there is an edge that does not end with a point
which is not true with the geometric network. A layer is added for this type

called geometric network _Net_Junctions.

4.3.1 Model for the electrical Geometric Network

The electricity generation and distribution network for the city of Qabatya consists of several

main components:

MV_ Towers without transformer: they are medium voltage towers without a
transformer, which is to carry medium voltage cables (simple junction).

MV _ Towers with one transformer: they are medium voltage towers carries one
transformer (transformer capacity ranges from 230-436 KVA), and also carry
medium voltage cables (simple junction)

MV_ Towers with two transformers: The same kind of MV_ Towers with one
transformer but the difference is that it holds two transformers (simple junction).
MV_Towers_IEC: The main source of electricity in the city of Qabatya, which is the
Israel Electricity Company (simple junction).

MV _Lattice Pole: it’s a poles for medium power transmission cables, which have

ability to handle a huge cable loads (simple junction).
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Indoor transformer: it’s an internal transformer that is inside a facility or room, and
in the city of Qabatya there is one transformer of this type, which is for a Qabatya
well (simple junction).

Connection Points: (simple junction) we can consider them as substitutes for
switchgear, interested in examining the amount of electricity consumption for the city
of Qabatya, connection Points are devices that are used to separate, connect, control
and protect the electrical circuits and fittings, which is also a term that includes a wide
range of products such as circuit breakers, switches, fittings with HRC fuses,
grounding circuit breakers, and ground leakage cutters etc.

Underground Cables: when suspended high-voltage cables tracks approach crowded
residential areas, they are converted to another path buried underground with special
specifications and protection systems (Complex edge).

ACSR Cables (Aluminum conductor steel-reinforced): They are aluminum
pneumatic medium voltage lines and steel reinforced, which are three-phase lines
(ABC), chosen for its high-strength, high-capacity, good conductivity, low weight
and its cost is lower than other types (Complex edge).

Low voltage cables: It works whether to transfer or distribute electrical power in
desert or rural areas and that is to cheapen its costs in relation to the ground cables,
where the antenna is installed from the following basic parts: (poles, connectors, and
insulators).

Low Voltage cables (Complex edge) are manufactured according to British and
international specifications and with a voltage of 600/1000 volts. These types of
products are used in the distribution of energy and extensions for commercial or

industrial buildings, external or internal, electrical machinery, ground or suspended
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installations, and wet areas. Low voltage cables are three-phase lines (ABC).
e Feeders (simple junction): every transformer has feeders that feed specific zoon.

e Meters: each consumer have meter for consumption readings.

4.3.2 Geometric Network Analysis

In the applications of electricity networks, knowledge of the flow direction of electrical
current along the electrical lines is essential and important for network management, as
geometric networks allow us this feature by linking the network lines and identifying the
sources and sinks for the network.

Managing the electric distribution grid by spatial geometric network will use all the analysis
techniques to get a valuable solutions for solving the problems of interruptions and loss of
electricity, as well as the ability to manage and control the grid and restructure it in a way
that increases the efficiency of the electricity, which helps in reducing the economic and

technical losses. We will also build a three-dimensional model for the network and region.

Utility Network Analyst tools used for set flow direction and to do many tasks that contribute
to the analysis and management of the network through several available commands utility
network analyst software is shown as follows [58]:
e Trace Upstream Task: to finds all network elements that are above a certain point on
the network.
e Upstream Accumulation Task: to find the sum of the costs of all network elements
that are higher than a certain point on the network.
e Path Upstream Task: to find the upstream path from a point on the network to the

electricity source.



51

e Common Ancestors Task: to find all the features associated with a particular point
through the electricity network.
e Connected Task: to find all lines that are connected to a specific point through the
electricity network.
e Disconnected Task: to find all lines that are not connected to a specific point through
the electricity network.
e Path Task: to find the path between two points on the network.
e Loops Task: to find the lines inside the loops.
Other network utility tool capabilities for electrical network is to know that if a power outage
occurs in the network, we can know which consumers in the network that will suffer from
power cutting and also know the exact location of malfunction is and then know the shortest
path to reach this location for maintenance work, this means that we contribute to helping
decision makers to take the correct procedures and decisions to solve the problem, for
example knowing the closest or best alternative feeder in terms of its ability to increase loads

on it and convert the area affected by the power outage to the alternative feeder.

4.4 UML Diagrams

UML is a unified modeling language with many purposes, it is generally specialized in
software engineering and object oriented design notation. Use this language to create
diagrams to describe computer programs, UML is not limited to software engineering, but
rather geographic information systems too, and representation of organizational structures
[59]. UML provides three looks to the system: a look at processes, a look at composition, and

a look at behavior.
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4.4.1 Class Diagram

Class diagram describes the static structure of a system. The classes represent an abstraction
of entities with common characteristics. Associations represent the relationships between
classes.

Class diagrams are used in almost all Object Oriented software designs.it is widely used to
describe the types of objects in the system and their relationships to each other.

The classes consist of three things: the name, the attributes, and operations.

Class diagrams also display relationships such as containment, inheritance, associations and
other things [60].

Association relationship is the most common relationship in the Class Diagram which link
clarifies the relationship between instances of classes, for example, the LV _lines class is
associated with the consumers meters class. Multiplicity of the association denotes the
number of objects that can participate in the relationship. For example, a line object can be
associated with more than one consumer meter, but one consumer meter can be associated

with one line.

Another common relationship in class diagrams is generalization. Circular is used when there
are two similar classes, but there are some differences. Look at the following
"generalization":

For example, the Towers category and the tower transformer individual have some
similarities like name and address, but each category has some of its own "attributes” and
operations. The "class towers" client is a general form of the constellations category.

Figure [4.2] illustrates the class diagram where represents the main classes that form the core

of the suggested system (each class have its own attributes and operations).
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4.4.2 Sequence Diagram

Figure 4. 2: Class Diagram

Sequence diagrams explain the behavior of “use cases” when describing the objects and the

messages passed between them. The charts are read from left to right and in descending order.

The timeline displays the objects participating in the interaction. This consists of the vertical

dimension (time) and the horizontal dimension (different objects) [60].




54

Scenario 1: Admin will have the ability to control the system as a whole as he performs some
operations, first as explained in the figure [4.4] and figure [4.5], he inquire about the value
of the electric current at any pole or cable, at any phase in the electrical network by using the
SDSS website, and the system will retrieve the required information through some operations

linked in a time sequence..

% ‘ Wep Page

Lifelinel: Admin
: 1:open

Pole_ID‘ l Phase Type ABC | ‘SQL_Navigator Oracle DB

2 - selact

3 - select _
T ST T j >

i 5:send Pole_ID & Phase type

6 - inquire current query
7 - inquire for pole id data depend Drﬁ hirarcal tree in meteré& LV_line tabels
s

__8reummrequiddata | |

9 - excute current query
~ 10 : excute electrical loss query

115. get path from feeder to pole id from L\ﬁ' ine table

|
H 12 : return requird data

i 13 : calculate risistanc *length Kn:1 for each line in path
: H 14 : calculate electrical loss by curirent *risistanc
15 - refurn reuuir:ed data ]

Figure 4. 3: sequence diagram that represent the current and electric losses calculation process at a specified pole and phase and
displays it on the website
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% ‘ Wep Page

Lifeline2: Admin
1:open

‘ Cable_ID‘ ‘ Phase_Type ABC ‘ SQL_Navigator Oracle DB

2 : selict

3 select -
2 SUmmt H H -

i 5. send cable ID & Phase type

& : inguire current query
7 :inquire for cable_|D data depend én hirarcal free in meter& LV _line tabels

f,;...__...@...r?_t_“.r.'?_r_eFJE‘_'[F‘.F‘Et?.‘.__......U

9 : excute current query

10 : excute electrical loss query

1 iget path from feeder to cable_ID from LEV_ine table

S
H 12 : return requird data

: 13 : calculate risistanc *length Kr%‘l for each line in path
14 : calculate electrical loss by curfrent *risistanc
15 - return requirEl:d data ]

T rossee

Figure 4. 4: sequence diagram that represent the current and electric losses calculation process at a specified cable and phase and
displays it on the website

Scenario 2: As shown in figure [4.6], Admin will collect the data of the two types of meters
from municipal electricity systems to calculate the D_C_R and H_C_R to calculate then the

electric current at any meter for either single or triple phases.
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% | Meter layer | field calculator | Holly2 System ‘ | Elektromed System ‘ excel files
Lifeline1: Admin : :

) 1 : open meter layer H

' "] 2:addcurrentl column :

T | | 3 : search for new meters data - !

T A TEWUM the required data, i any — H |
U"‘ . . IJ 5 : Export output to excel file o

- 6 : Checks whether: new meters have data on fhe old system : N Ll

:|= 7 :return the required dlﬁla, if any US - save outputs in excel ﬂ:le
LI : T+ Search Tor old meters Gaia - ; I

: _ 10 - return thel required data, if any —U

&

T 11 : save oufputs in exc

12 - Calculating the tumber of subscription dayé according to a speciﬁci period

43

13 : Calculating the amount of electricity consumed according to the samé period

14 : calculate D_C_R by dl\rlding the amount of electf\cwty consumed by the rumber of days

15 : calculate the DCR averacje for holly2 meters

v 16 save

T7-a3d D_G_R column
19:addD_C_Rdata | i
20 - add H_CR column r“—
21} caleulate H_C_R

' 27 Telum resuns
23 : select by attribpte_single phases :
1 24 : culculate current | for single phases
26 : select by aftribute_3 phases ~return resulis :
7 : culculate cquet"ll | for 3 phases

29 : save work - return resultsls

-l

i

Figdre 4. 5: sequence diagram that represent data collection and electric current calculations presses for single and triple phases

18 : get D_C_R for each meter

Scenario 3: represent building hierarchical modeling for LV_Line and meter data by admin
as it detailed in the figure [4.7]. Whereas, through many addictive operations, admin will be
built the hierarchical tree of lines (cables) and poles, through geometric network he will
determine the pole source and destination for each line and store the pole id in new columns
in LV _Line table, if the source of the line is the feeder, then he will store the feeder id in
source column, and if the meter is the destination of the line, he will store the meter id in

destination column.
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Pole layer

% LV_SplitLline layer

Lifeline4: Admin

Geometric Network

1 : add P_source column

A J

2 : select meter |

3 : zoom to layer

A A

| 4 sth selected meter on; map

A 4

: 5: check connected pole to selected meter

A A

6 : select pole source of selected meter

] : 7 : return pole source data
g: Copy pole source id : JR T
9 : save pole id in P_source : |_|
I_Ill) : add P_Source column
11 : add P_Distination column |

12 : add Meter_Ott column
T3 add feeder in column

14 : select ¢able
15 : zoom t§ layer i
: 16: show selected cable on map

17 : check sodrce and destination p\onts of selected cable |
m Teturn selcted points data _LJ

A J

US add P_Source id in P_Source column
20 : add P_Distination id in P_Distinatign column |

21 : add Meter id in Meter_Out column if it was cable distination :

A J

22 : add feederid in ﬁeeder_in column if it was cable sou

23 : save edits

Figure 4. 6: sequence diagram that represent building hierarchal modeling for LV_Line and meter data

4.4.3 Activity Diagram

Activity diagrams describe system workflow behavior, they are similar to state diagrams
because the activities represent the state of doing something. These kind of diagrams describe
the status of activities by showing the sequence of activities performed, where it can show
conditional or parallel activities [60].

The main reason for using Activity diagrams is for modeling workflow within the system
that we design, as it is also useful for use case analysis by describing what is the actions we
need to do and when they should occur, and describing a complex sequential algorithm and

modeling applications with parallel processes.
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Here in figures [4.8], [4.9] and [4.10] we explained how to calculate an electrical current and

losses at a specific pole or line at determined phase.

98 = -

L

[Cacu late electric cur rent]

select pole n

if T of meter equal O

[select phase type T:'

[ returmn all meters at pole n ]

[se-lect meters of T]

N
< -

if T of meter not egual O

[Ca.lculate the sum of the currents for all rneters]

W
[retu ro results] @

Figure 4. 7: Activity diagram the process of calculating electric current at specific pole and phase
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[Ca.{:ulate electric cur rent]

select cabel n

[select phase type T]

if T of meter equal O

[return all meters at cable n]

[select meters of T:]

if T of meter not equal O

[Ca.lculate the sum of the currents for all meters]

[t} @

Figure 4. 8: Activity diagram the process of calculating electric current at specific cable and phase

@
b

[calc ulate electrical Ioss]

!

select cabel n [select pole n

[make cable equal pole distination n\I

[select phase type T]

v

I
W

¥
[ Caculate electric current at pol n ] [calulculate risitance]

[mltiply squrof current by risitance]
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Figure 4. 9: Activity diagram the process of calculating electrical losses at specific pole or line and specific phase.

CONCLUTION

In this chapter we have describe the objective of our research, then how the data stored in
geodatabase, illustrate the importance of geometric network in term of linking all electricity
network elements and the ability to manage it and analyze its problems by using geometric
network and its component.

Finally we have presented the software modeling for our system using UML to model all the
system components, main actors and their behaviors and the interactions between them which

illustrated in object oriented UML diagrams.
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Chapter Five: Software development

In this chapter, the data collection and testing phases are illustrated. The first section is
composed of the data collection part, editing, preparing and correcting data. Main part of the
editing and digitizing process was building correct Geometric network, and applying network
analysis and examining the results. the second section describes the implementation of
calculating the electric loss using SQL Navigator for Oracle and java to show system result,
add to this special section to explain the main steps of building 3D model for Qabatya using
ArcGIS Arc Scene 3d abilities to create 3D surfaces and 3D visualization for Qabatya city

medium and low voltage electrical grid as part of the SDSS.

5.1 Study Area

Qabatya city was chosen as this thesis study area as demonstrated in figure [5.1], this city
was chosen because of the availability of the geometric and geographic data for building the
suggested system of network in one hand, in the other hand the complexity of the old city
data and its topology, add to this the lack of consumers properties and meters electric data
and the increase of the rate of losses in electricity in the city, whether it was a technical or

non-technical losses.
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7\% Study Area (Qabatiya

Map Legend
electric_pole HVP_lines [__] Qabatiya
MVP Pole_lines Citations
“\— HVP_lines (% Governorate e i " g

Figure 5. 1 : The Study Area, Qabatya city

5.2 Data Collection and Preparing

Preliminary data were taken from Qabatya Municipality was the low voltage network (LV
Pole and LV Lines) shown in figure [5.2], all consumers and meters data, Geomolg (the
___ website) Qabatya Aerial Photo 2018 and Palestine Explorer for Qabatya blocks an parcel

registration.

.%— The low voltage network of Qabatya city

Map Legend

[ cevave
" - Pole_lines

= clectric_pole

Figure 5. 2: The low voltage network
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The medium voltage network data was obtained from the electricity department of the

municipality of Qabatya city (MV Pole and MV Lines) which shown in figure [5.3].

éﬁ The medium voltage network of Qabatya city

Figure 5. 3: The medium voltage network

The achieved data has been disaggregated to assist in the search. Lines’ and transformers’

types are examples on these data. Figure [5.4] shows all obtained data layers.

[=] ACSR_Cable

A Big_Industrial_Consumers

] Connection_points

= Indoor_transformer_well

[%] LV_ElectricPole

[ LV_PoleLine

(%] MV_ladders

(%3] MV_towers_ PTEL

[=] MV _towers_IEC

[*=] MV _towers_with_one_transformer
i MV _towers_with_two_transformers
| MV _towers_without_transformer
= Qabatiya_Land_Boundary

[=] Underground_table

Figure 5. 4: All data layers we have until now
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Low and medium voltage networks have been linked together and installed on Qabatya city

Aerial Photo 2018 to find out the errors and shortcomings in the overall network. Figure [5.5]

shows overall Electrical Distribution Grids of Qabatya city.

EECE

®x

= Table Of Contents
=
=
®

= @ Big_Industrial_Consumers

.
= LV_ElectricPole

= & MV_towers IEC
.

= MV_towers_ PTEL

-
= & MV_ladders
.
= @ Indoor_transformer_well
.
= @ Connection_points

.
E & LV Poleline

5 B ACSR_Cable

= @ Underground_Cable
= [ Qabatiya_Land_Boundary
O
=0 apr
O

= B MV_towers_without_transformer
= B MV_towers with_two._transformers

5 B MV_towers_with_one_transformer

el aa

Figure 5. 5: Electrical Distribution Grids of Qabatya city

One very important missing data was the kilowatt-hour electric Meters data of consumers.

No computerized data about these meters was available, while this data is very important for

the objectives of this study. Therefore, this study had to take care of making these data

available, and this has been performed.

The following figure [5.6] shows a table of the first sample of meters data of the stone

factories in Qabatya city, where they are classified as the largest consumers of electricity in

this city.



65

A B c D E F G H 1
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7|16 |008017 00000001 JiS 2aal 5y e 16 13 200|16013  |130016
8|17 008018 00000000 e A el deae ) 16 26 100|16026  |260016
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Figure 5. 6: Sample of consumer data

Meter numbering system in this study is based on the Block and parcel numbers for each
consumer. These numbers have been achieved from the Palestinian Center for Studies in
Ramallah. The consumers table has been merged with the blocks table according to block
and parcel numbers by using join tool. Data incompatibility appeared for some consumers.
Additionally, the data was insufficient as consumers were scattered on the map sporadically.
Therefore, and to make the study as accurate as possible, a case study of only one block has
been chosen. In this block, the parcel number data of most electrical consumers were
available. At the same time, the number of consumers and the variety of their nature: single
and three phase consumers, different phases, was enough to represent a complete electrical
system. The consumers in this block are mainly connected to one medium/low voltage
transformer. Consumers connected to other transformers have been safely neglected, because
this does not influence the accuracy and the reliability of the results. Moreover, taking these
consumers into consideration does not improve the accuracy or the reliability of these results,

so we take a sample of one block where it contains many parcels and consumers. This was a
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new challenge to face the same problems by increasing the number of consumers, then

repeated the previous steps to solve the problem and also found an incompatibility between

the data of the municipality and the data of the study center. In Table [5.1] below shows

sample of consumers before joining process, and figure [5.7] shows sample of consumers

after joining the Qabatya_Parcel_Regestration shapefile with consumers excel file.

Table 5. 1: Sample of consumer data before join.
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g old 107 35 salen awuld Jgana auild 4 s
S 61 35 oilam cam ca) o 3 .
gl 111 35 Blee e o e desma 6 7
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27527
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276|227

27

oS s g s Cpall S
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ERCEL
*, Qabatiya_Parcel_Rigistration X
§ FID | Shape | OBJECTID LayerName_ LayerNam_1 Parcellumb BlockNumbe QuarterNum | ~
% » 0 | Polygon 153095 | sl gyl 2 Parcels - Registered No Data
3 1 | Polygon 153101 | & Parcels - Registered 296 45
= 2 | Polygon 153102 | & Parcels - Registered H 29
3 | Polygon 153103 Parcels - Registered 24 18
4 | Polygon 153104 Parcels - Registered 122 48
5 | Polygon 153105 | 22 Parcels - Registered 24 15
6 | Polygon 153108 Parcels - Registered 39 18
7 | Polygon 153107 Parcels - Registered 38 23
8 | Polygon 153108 | & Parcels - Registered 108 42
9 | Polygon 5 Parcels - Registered Atu iy gk 33
10 | Polygon Parcels - Registered 49 15
11 | Polygon Parcels - Registered 81 45
12 | Polygon Parcels - Registered 21 44
13 | Polygon Parcels - Registered 287 28
14 | Polygon Parcels _ Registered a 30
15 | Polygon Parcels - Registered 10 8
16 | Polygon Parcels - Registered 2 13
17 | Polygon Parcels - Registered 7 15
18 | Polygon Parcels - Registered 399 43
19 | Polygon Parcels - Registered 79 22
20 | Polygon Parcels - Registered 36 23
21 | Polygon Parcels - Registered No Data 33
22 | Polygon Parcels - Registered 5 41
23 | Polygon Parcels - Registered 32 14
22 | Polygon Parcels - Registered B 21
25 | Polygon Parcels - Registered 30 38
26 | Polygon Parcels - Registered 259 43
27 | Polygon Parcels - Registered guiy Sk 19 W
< >

277 |27

Figure 5. 7: Sample of consumer data after joining two tables (Qabatya_Parcel_Regestration shapefile and Excel file for consumers).
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The medium and low voltage networks for the chosen block have been built. All feeders of
the transformer and all phases of each feeder have been spatially modeled. All consumers of

the transformer have been spatially connected to the appropriate phase and feeder, as well.

Based on the aerial photo of Qabatya 2018, the exact location of each element of the network
has been identified and represented on the spatial model in a correct way to get real data and

to build the database completely and properly.

As a result of the huge number of meters in the city of Qabatya and the difficulty of getting
all of them at a specific time, we decided to limit our study on transformer No. 44 in Qabatya
electricity network, where it has three feeders, including the low-voltage network extending

to consumers (Meters).

To complete all the meters on this transformer No. 44 by referring to the municipality
engineer and taking all the meters on this transformer, determine to us all the meters on each
feeder specifically, determine each meter if it is single phase (phase A or B or C) or 3 phase.
Next step was referring to the electricity systems of the municipality of Qabatya to get data
for each meter (consumer number, meter number, date of each payment, and the amount of

charged electricity).

Also, one of the obstacles we faced was the existence of three systems:

e The old Electromed meters system

e The new Holly2 meters system

e Industrial and commercial meters system
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The looking at the new meters system to make sure there is a meter for this consumer
in the new system and if did not find any data for him then this meant that he was still

on the old system.

The following steps are get a sales report and all other information to do a data

analysis for the consumers:
The new Holy2 system:

From the main program window fill the name of consumer in search field to get the

consumer number copy the consumer number from the search result

From the sales inquiry screen, paste the consumer number in the consumer number

field and inquire about the consumer

c) Export the information to an Excel file and choose the information we need.

In the following figures [5.9 - 5.13] we show how we did some of these operations to get

holly2 meters data
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B oty S0 Saeis
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|| camsast iyl samo |Jsst =8y [22-09-2019 12:50:21 |Ussalt Yo cilogh | JEDCO

Figure 5. 8: Main Holy2 program window
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Figure 5. 13: search results

e The old Electromed system

a) From left of the program window, choose the sale procedure.

b) Enter the consumer name in the name box and click search

c) Copy the consumer number.

d) From left of the program window, choose the sale procedure again.

e) Enter the consumer number in the consumer Number field, then click on the search

icon.

f) After the main consumer data (the meter type, meter number, etc.) appears, click on
the sale offer icon at the bottom of the screen and then on a print order after all the

consumer shipping data appears

g) Clicking on the company logo Electromed twice and then all the data appears on a

web page, we were making a selection all the data and copy them to an Excel file and
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save it in the name of the consumer and his meter number.

The method of obtaining Electromed meters is shown in figures [5.14 — 5.17].
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Figure 5. 15: search results
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Figure 5. 17: search results

Afterwards, ten tables were produced in order to clarify the relationships between each

component in the network and the other. These tables are as follows:

e MV _towers_with_one_transformer: show all MV transformers holding one

transformer on them.
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MV _towers_with_two_transformers: to show all MV transformers holding two

transformers on them.

MV _towers_without_transformer: to: to show all MV transformers holding without

any transformers on them.

Feeders_one_T: feeders on towers for one transformer. Figure [5.18] shows this table.

double_Transformers:  to  distinguish  the  transformers  carried on

MV _towers_with_two_transformers

LinesABC_one_T: for one transformer towers lines A for phase A, lines B for phase
B, and lines C for phase C. These cables linked with feeders and pole after the feeder,
in order to distinguish and find out each meter on any phase connected by connecting
the line ABC id (primary key)to the meter by adding line ABC id (foreign key). Figure

[5.19] shows this table.

Feeders2Transformers: feeders on towers for two transformer. Figure [5.20] shows

this table.

LinesABC 2 T: same LinesABC one T but for two transformer. Figure [5.21]

shows this table.

Factories_prepaid_meters: Meters for chainsaw consumers.

Consumers Meters: The meters for residential and commercial consumers, whether

they subscribe to single phase or 3 phases.
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Figure 5. 18: Create Feeders Table for MV_towers_with_one_transformer
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Figure 5. 19: Create Lines ABC Table for Feeders of MV_towers_with_one_transformer
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Figure 5. 20: Create Feeders Table for MV_towers_with_two_transformers
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Figure 5. 21: Create lines ABC Table for Feeders of MV_towers_with_two_transformers

Afterwards, the medium voltage network was reconfigure by modifying the lines, deleting
wrong lines, adding feeders to each transformer, drawing three phases for each feeder and

modifying low voltage network. Figure [5.22 to 5.26] shows examples of data adjustments.
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Figure 5. 22: Modifying MV lines
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Figure 5. 23: Modifying MV lines



77

@ qabatial03 - ArcMap
File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

N T ) G0 () ) ()| 9 g, | Ecitor~

yaszag §] [ Bay

a1 B

Figure 5. 24: Adding feeders for each transformers
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Figure 5. 25: Draw LV lines for each feeder
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Figure 5. 26: Deleting all unneeded lines and poles that and some wrongly drawn lines or not connected to any transformer
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The first sample taken was the data of the stone factories in Qabatya, where they are classified

as the largest consumers of electricity in this city.

The using of arc tool box will help us to do many things an processes on the data, which is a
program that contains the tools of geographic information systems and program converts
between different formats of GIS files, and there are two versions of it: first program that
supports the conversion of 150 formats of these files and this program comes with an arc info
system, the other program supports the conversion of 30 types of these files and comes with

ArcView program [61].

Connect the tables together: Often during the analysis there is the need to link the attributes
in two separate tables, and we may do this when allocating the attributes in a separate table
by itself to geographical features and then you can make a map of the geographical features

or you can analyze the geographical features using the additional attributes

Join Tool: Join a table using a common field, the connection works to append the attributes
to the original table as long as the link is established and the attributes connected to the
attribute table will be saved to the data set and the method of the connection can be used with
one-to-one relationships and all-to-one relationships. [61]. In GIS the join can be done based

on spatial relationship and location.

Relate Tool: Connecting two tables, linking can be used with a one-to-many relationship or
with a multi-type relationship to several. There are many records in the linked table that refer

to one record in the original table [61].

Tables must now be linked to make the more logical data by using (join and relate) tools

First built relations between:
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e The MV_ two transformer with double_Transformers tables via a primary key

(transformer ID) and foreign key located in double_Transformers table ( T_ID)

o the transformer with feeders tables via a primary key (transformer 1D) and foreign

key located in feeders table ( Tt_ID), for one and two transformers

e The Feeders with three phases tables for one and two transformers via a primary key

(Feeder ID) and foreign key located in Lines ABC table (F_ID).

o Consumers with three phase’s tables via a primary key (line ID) and foreign key

located in Consumers table (A_ID, B_ID, C_ID).

o Factories prepaid meters with three phase’s tables via a primary key (line ID) and

foreign key located in Factories_prepaid_meters table (A_ID, B_ID, C_ID).

The joining and relating of tables in geodatabase illustrated in figures [5.27 —5.33].
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Figure 5. 27: Relate the transformer with feeders tables
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Figure 5. 33: Example of linking phases with consumers tables (whether household or industrial)

Buffer

A buffer in GIS is an area concerning a map feature measured by distance or time, where
through the buffering tool can be created isolated areas at a certain distance that you enter
into the program [62], when we decided to tack particular zoon (Block 35) in Qabatya

network, the using of buffer became substantial to extract the electricity network on a Block
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35 that is 200 meters away, it is enough just to enter the information in the ArcMap to

determine for you a circle that includes the field of this basin, this shown in the following

figures [5.34, 5.35].
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Figure 5. 34: Extract the electricity network on a Block 35 that is 200 meters away

Q@ gabatial03 - ArcMap

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

T N T RS o w— e [ ] 1T L PO e
g e T o

000
e "ii‘v

' P=a

Figure 5. 35: Buffer output

Clip:

Clip Tool: It is a tool that is based on clipping a data through a polygon / area layer, this is

done by setting the upper, lower right and left for coordinate points on the vector and crop it.
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A clip for any data set using the boundaries of any data set that is polygonal (Buffered area

_block 35) was done and the parameters are divided at the places where they intersect the

border of the cropping, the part outside this limit is careless and this tool is mainly used to

crop the data set to the region boundary that is studied for analysis [62].

In our case it must clipping the two layers of poles and low voltage network on the basis of

the previous Buffer area (QB_35_Buffer), all cropped layers will be the same area size of

buffered area, which illustrated in [5.36- 5.37] figures and the result of new zoon shown in

figure [5.38].
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Figure 5. 36 : Clipping the LV_PoleLine layer on the basis of the previous Buffer area.
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Figure 5. 37: Clipping the LV_ElectricPole layer on the basis of the previous Buffer area.
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Figure 5. 38: Clipping output

Modify data using Editor Toolbar: when cropped the data based in buffer area some of
lines or poles in the network will be not connected to other which will cause errors when
building a geometric network, so to delete unnecessary and unrelated data we will use editor

tool bar to modify data which as shown in pictures in figures [5.39 -5.41].
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Figure 5. 41: Data after editing

Topology

As explained previously the importance of Topology in improving data in Chapter 3, so we
need to how to create a topology by firstly opening the Qabatya Grid geodatabase in ArcMap
catalog interface to make its topology for layer we need to fix it, then click and choose New
Topology which illustrated in figures [5.43 -5.42]. By new topology layer errors in our data

will appear when determined the topology rules shown in figure [5.44 — 5.45].
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Figure 5. 42: Open the ArcMap catalog to make new topology
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It is clear to us that there are many rules (procedures) that can be implemented in the topology
process, each rule that was used to correct errors in the network to know how to implement
and the cases in which we use each one and the type of layer that this process can be
performed on, whether it is a type of lines or Points or polygons, the following topology rules

are used for our data:

1. Must not have dangles: It is done on the lines, in order to ensure that all the lines
touch each other at the ends of it where each end of the line must match the end of

another line
To solve this problem, orders are used [63]:
e Trim : In the event that the line exceeded the corresponding line
e Extend : In the case of the line it did not reach the edge of the corresponding line

e Snap: it is a manual solution by moving the vertices to the opposite edge in both
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Must not have pseudo nodes: It is done on the lines, in order to make sure that the
single line is composed of one unit, not cut into parts and this problem is solved by

using merging as it merges all the line parts into one piece [64].

Must not intersect: It is done on the lines, in order to ensure that the lines do not
intersect with each other of the same layer, and to solve this problem: In case that the
two lines intersect at a point, they are separated from each other, but if the two lines
intersect with a long section overlapped with each other, the overlapping part is

removed from one of the two lines [64].

Must be covered by Endpoint: It is done on points and lines, and it is useful for
making sure that all the end of the lines are covered by points, and to solve this
problem, points are added to the lines that lost the points that represent the end of

them [64].
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Figure 5. 46: Conducting the topological process



91

Q

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

D E8 LB x 00 & [ | EEDED 5 e

spiajuo0 4o aiqeL [iil

ai0eL [l

New Topology

The new topology has been created. Would you like to validate it now?

g
v [E Rinek33
melen < < >

Figure 5. 47: This window asks us whether we want the correction or not

And now after completing all the processes inside the topology within the Arc catalog, the
last stage of the topology process begins, which is the correction because the previous
procedures determined for us where the errors are and it will be modified inside the arc map

in the same way that was explained when listing the procedures and how to solve

And now we must get to know the editing tools in the ArcMap

Customize—Toolbar—Topology

Error Inspector make the ability to inspect topology errors in a table that show the rules
violated, the data or feature classes participate in the errors, the geometry of the errors, the
feature IDs of the features involved in the errors, and marked as exceptions errors .. You can
also decrease the errors shown in the error Inspector table to errors that occur in the currently
visible map extent, or errors of a given type, , marked as exceptions errors
(https://desktop.arcgis.com/en/arcmap/10.3/manage-data/editing-topology/finding-

topology-errors-with-the-error-inspector.htm)
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select the layer to be modified to start the correction, and verify request, which detects errors
in the specific layer, by choosing which actions to edit its errors and then pressing on Search
Now as shown in the figure, by pressing right on the first Error, a window with a set of
options will open which are: Zoom to — Pan to _ Trim _ Extend - select Feature - Show rule
descriptions - Mark as exception. Here choose (Zoom to) to go for the error and correct it
which is in this examples of topology rules must not violated: Must not have dangles and

must be covered by end points, which illustrated in figures [5.48 — 5.51].
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94

@ qabatiz103 - AcMap - X
File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

DeEs Loe i — | == L E= TP TR SRR A

snapping =[O [8 O] & : Editor~ |[»] Bl ra BEBFQQNQ B-Oix @ BISIAS ®

=

E

g

>
sainiead aleas) [2)| [uoees &l [Bolereo &

EETENT

Error Inspector

show: | Consumers_Meters - Must Be Covered By Endpoint Of - LV_PoleLir x| Search Now Merrors [Cexceptions [Avisile Extent only

Rule Type Class 1 Class2 Shape Festwre]  Featwre2  Exception
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At this stage, we have the ability to distinguish each feeder and its related elements, as shown
in the figure [5.52] below, so we can see each meter connected to any feeder and any

transformer, and also detail all meters on any phase.

Figure 5. 52: Results for Zoon (Transformer 44_LV_ network) of study area
network was separated for each feeder individually

5.3 Geometric Network
When started work on this project, we decided to build the electricity network for all Qabatya,

including medium and low voltage lines, and which is explained in the following section.

And to build the network we must take into consideration the conditions for building
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Geometric Network [65]:

Must have a layer containing the electrical network and a layer that contains the
source and sink of the network, the now was prepared in previous sections to fit
geometric network.

These layers must present in Feature dataset, we create a new feature dataset the have
Palestine_1923 Palestine_Grid projection (XY coordinate system), and all feature
classes in it must have the same projection.

There should be at least one source for the network, which is connected points.
There should be at least one sink for the network, it will be the pole and meters feature
classes.

each network intersection has a point (junction), and that point does not have to be a
source or sink for the network

It is not necessarily that every point or line in the sink is important in the sense that it
will be analyzed.

After building the network, the ArcMap builds a layer that indicates network errors,
meaning that it supports the topological process

Geometric networks deal with networks that are not controlled by manually by
humans, such as water and electricity networks, where the network is controlled
through ready laws from the program

Their directions are determined by their properties.

Steps of building electrical geometric network is illustrated in figures [5.52 -5.55].



@ gabatial0

File  Edit

O

Table Of Contents. rx

%

aeL

96

ArcMap

View Bookmarks Insert Selection Geoprocessing Customize Windows Help

& B x N ET T A =111l ST HI$ 5

Editor+| » P M- | o} . BAMQNER e E-ONO B2 N

Jop

e8

Lai

= O Factories_prepaid_meters ~
=0 MFEEdErS one T New Geometric Network X
@ el othervalues> = Enter a name for your geometric network:
F_name
.l ‘ Qabatiya_Grid_Geometrichiet
* 2
Snap features within specified tolerance:
s 3
- Ono
& O Feeders2Transformers @ves
o <all othervalues> 0.001 o

Ff_name B

. Line ends and junctions must match up precely for features to

. connect. F they do not match Up they can be moved within the imits
of the snap tolerance. The default value is based on the XY tolerance

o3 of the feature dataset.

Underground_Cable

MV_towers_without _transformer
e
= B MV_towers_with_two_transformers

<Back Cancel

=] MV_towers_with_one_transformer

= O LV Poleline_35

=] MV_towers_PTEL

= M LinesABC 2 T v

@ qabatial
Edit
DRE& L 68 x -
snapping =[O 2 0] o

5| Table OF Contents 3 x

File

Figure 5. 53: Create Qabatya_Grid_Geometric Network

Map

View Bookmarks Inset Selection Geoprocessing Customize Windows Help

ERERE Y & 8- & B e .

Editor= |+ " - f: o] Qe MQIiHes E-OR]O 7 BIZINB R

Jcl

uoieas §l] | orereo & |

[saimeay meain [

S8

JELC 1)

= [ Factories_prepaid_meters "

= O Feeders_one T
® <all other values>

F_name =l

New Geometric Network

Select the feature dasses you want to buld your network from:

. sdectal
s Big_Industrial_Consumers
- “|Connection_points Clear Al
= O Feeders2Transformers Consumers Meters Unavaiable...
o <all other values» double_Transformers
Ff_name Factories_prepaid_meters
. Feeders2Transformers
.2 “IFecders one T
.3 Indoor_transformer_well
.4 [SLinesaBC_ 2T
© @ Underground_Cable [=LinesABC_one_T
— LV._ElectricPole
= M MV_towers_without transformer r:\. raino e R v
L]

MV_towers_with_two_transformers

=
= B MV_towers with_one_transformer <Back &)

L]
5 O LV Poleline 35

© B MV_towers_PTEL

= M1 LinesABC 2 T v

Figure 5. 54: Choose layers that participate in the Geometric Network

[soimeas e Y| [wieas Gl Goreeo &l |



97

Q A - x
File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help
DsEs LB S T | v |1 (] la kPR 9 :
snapping-[O B[O [ ] | editor~ [ 1 o RANQHEI«s E- Uk O SIKSSITIRE
{55 Table OF Contents nx ~ ﬁ
HREACICEE] &
= © [ Factories_prepaid_meters ~ §
) 5
& L Feeders_one T New Geometric Network % @
o <all other values> g
F_name = Select roles for the the network feature dasses: E7
.1
. Feature Class Name Role Sources &Sinks 4 T
.3 (=) Connection_points Simple Junction Yes 5]
. [ Consumers_Meters Simple Junction No 8
& O Feeders2Transformers (=) double Transformers ~ SimpleJunction  Yes >
o <all other values> [=)Factories_prepaid_meters SimpleJunction  No z
Ff_name [:JFeeders2Transformers  SimpleJunction  Yes 3
1 " Feeders_one T Simple Junction Yes —
.2
+3 (S LinesABC_one T Simple Edge <None>
.4 [ LV_ElectricPole_35 Simple Junction No
& B Underground Cable [V _PoleLine 35 Complex Edge <None>
- (I MV Jadders Simple Junction No v
B M MV_towers_without_transformer —
< >
L]
5 B MV_towers_with_two_transformers
5 B MV_towers_with_one_transformer e e

= O LV_Poleline 23
a MV _towers_PTEL

=1 M1 LinesABC 2 T © v

<
|Eg Enror Inspector |
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Figure 5. 56: The errors shown by the Geometric Network

The errors shown by the Geometric network stored in two layers:
e A new layer is called Geometric network Net_junction: here we have 220 errors of
this type, for example, showing points at disconnected wires. Which is show in

following figure :
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Figure 5. 57: Errors stored in Net_Junction Table

e The network build errors table: ""The table is used by the Network Build Errors
command within ArcMap to identify the features with invalid geometries™". We have
7 errors here, clarifying the types of errors according to theirs ID and types was by
using Esris's Help Desktop such as:
Error type number 16 means that the junction is not connected to any other edge

feature. Which also shown in figure [5.57]:
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Figure 5. 58: Errors stored in network build errors Table
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Now we will start by identifying and correcting each error on the original Feature classes

For example, we see here some errors such as: Overlap between lines and also an extended
line, which are not true, especially since we determined by the topology that the end of each
of the LV_Lines should be a point, which is a meter in our case. We will explain it in the

following figures [5.58, 5.59].
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D0 W@ b B e (] 0D B B D ey - = .
snapping =[O @ [0 [ 5]z | Editer~ [7] IS < | g QR M@ 3 e -0 & @7 058 e
= =
: =
. -
@ol e < M
&
Figure 5. 60: Connect meter to its line
5.4 3D Model

Creating 3d Surface:

In order to export and create 3D surface for the study area ground, contour polyline layer was
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used. 3D analysis tool was applied to extract elevation raster file from topo polylines. See
figure [5.79] demonstrates the tool Topo to raster that create an elevation raster surface from

the contours topography polylines.

] WD NABLEL NELiass n

“ Topo to Raster -_ [m]
Input feature data » | Output cell size
[ =~ 5 (optional)
Feature layer Field Type L The cell size at which th:
< elevation Elevation_ Contour output raster will be
x created.
T This will be the value in t
environment if it is explic
+ set; otherwise, it is the
shorter of the width or th:
( = height of the extent of th:
input point features, in th
Output surface raster input spatial reference,
| C:\Users\Administrator \Documents\elev_raster ‘ B divided by 250.
Output cell size (optional)
[10 =
Output extent (optional) v
[ox ] (conce | Envionments...| <<rideHel Tool Help

Figure 5. 61 : Topo to raster to extract elevation raster file

To visualize the elevation raster as a 3d elevation surface, the base height was set as the raster values

Lawer Properties
General Source Extert Display Symbology Base Heights Time Rendering

Elevation from surfaces
Mo slevation values from a surfacs

(@) Floating on a custom surface:

b

CiWsersiadministrator Documents\elev_raster ~
Raster Resolution...
Elevation from features

Mo feature-based heights

Use slevaton values in the layer's features

Factor to convert layer slevation valuss to scens units: custom ~ 1.0000
Use a constant valus or expression:
o

Layer offset

Add 2 constant elevation offset in scene units: I —

[TTTTTTT
4

About setting base heights —éi

Figure 5. 62: Topo to raster to extract elevation raster file

In order to calculate and extract for each building vertex point the elevation according to the

elevation.
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The elevation raster didn’t take into account the buildings surface. Data management was

implemented to convert the building polygons into their point’s vertices as demonstrated in

figure [5.81].

1 ArcToolbox o x

& Archiving
& Attachments
& Data Comparison
& Distributed Geodatabase
& Domains
5. Feature Class
= & Features
5 Add Geometry Attributes
%, Add X¥ Coordinates
#, Adjust 30 Z
#%, Bearing Distance To Line
#, Check Geometry

>

| & 2 Q- k@ F ML s

#%, Copy Features
#%, Delete Features | |
“, Dice “% Feature Vertices To Paints
#, Feature Envelope To Polygon

#%, Feature To Line

#, Feature To Point

#%, Feature To Polygon

#%, Feature Vertices To Points = 5
. Geodetic Densify [ c:\Wsersiadministrator\Documentsbuilding_ver.shp ]

Input Features
[buildingTmm =1

Output Feature Class

*, Minimum Bounding Geometry Point Type (optional
“% Multipart To Singlepart [
&7 Points To Line

“, Polygen To Line
H i Fenrmatn

Figure 5. 63: Topo to raster to extract elevation raster file

In order to calculate and extract for each building vertex point the elevation according to the
elevation raster the tool extract multi values to points was implemented to give each
building’s point an elevation

See figure [5.82].

&3 Data Management Tools ~
&p Editing Tools
&3 Geocoding Tools
& Geostatistical Analyst Tools
&P Linsar Referencing Tools
& Multidimension Tools
&3 Network Analyst Tools
&3 Parcel Fabric Tools o
&5 Schematics Tools ., Extract Multi Values to Points
&P Server Tools B
= & Spatial Analyst Tools Input peint features
= & Conditional [ building_ver =1
&y Density Input rasters
&5 Distance [ |
= & Extraction
“, Extract by Attributes Raster Output field name
%, Extract by Circle
#%, Extract by Mask
#%, Extract by Points
#%, Extract by Polygon
“%, Extract by Rectangle
% Extract Multi Values to Points
#%, Extract Values to Points
%, Sample
B Generalization
& Groundwater
& Hydrology
= &5 Interpolation

v cancel | [Enviroments... | [ <<ride relp
s Map Algebra

&

<7 elev_raster elev_raste

« = x|+ B

< >

Bilinear interpolation of walues at point locations (optional)

Figure 5. 64: Topo to raster to extract elevation raster file



For each building all his points will be taken and an average of their elevations will be

calculated and considered as its elevation as demonstrated in the summarize tool applied on
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the ORIG_FID field in the buildings’ vertices layer table attribute.

Table O o= J
(2] ~ | 5 - | B B -
; Summarize B
building_wver
FID Shape id [ OmG FiD el ] Summarize creates & new table containing one record for each unique value
55 [ Fomt=m 5 EF =02 of the selected field. along with statistics summarizing any of the other fields.
| 4559 | Point ZM o 310 ITIT27
[ | <660 | Point Zm [ 310 372.207 1. Select a field to summarize:
[ [ 861 [ Pointzm o 310 372297 GRIG FID =
4882 | Point ZM o 310 371.343
2663 | Foint 21 o 310 371.088 2. Cheoose ene or more summary statistics to be included in the
[ | =664 | Point zm o 310 370816 output table:
[ | 4665 | Point =M 0 310 370.420 [ First | ~
4666 | Point ZM o 310 370.265 [ Last
2RRT | Brint 71 n 10 71 AR Id
PR o o k1 ES | (0 out of 75580 Sele = elev_raste
[ Minmirmum

building_wver

In order to match for each building the elevation of its vertices Join by table was done to add

P Average

[] Maximum

1 5um
[] Standard Deviation
[ Warance

3. Specify output table:
C:\Users Administrator.Documents* Sum_Output..dbf | ==

Summarize on the selected records onby

About summarizing data Cancel

Figure 5. 65: Topo to raster to extract elevation raster file

the relevant field with the calculated elevation.

Join Data

Join lets you append additional data to this layer's attribute table so you can,
for example, symbolize the layer's features using this data.

what do you want to join to this layer?

Join atiributes from a table

1. Choose the field in this layer that the join will be based on:

=)

2. Choose the table to join to this layer, or load the table from disk:

E= build_awg_h

Show the attribute tables of layers in this list

3. Choose the field in the table to base the join on:

=1 ==

|OFLIG_FID

Join Options
(@) Keep all records

Figure 5. 66: calculated aveg height for each building form the output summarize table

All records in the target table are shown in the resulting table.
Unmatched records will contain null values for all fields being
appended into the target table from the join table.

) Keep only matching records

If a record in the target table doesn't have a match in the join
table, that record is remowved from the resulting target table.

validate Join

About jeining data Cancel
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Creating triangulated surface:

In order to create a 3D Surface considering the contours and the buildings surface a TIN was
applied using Delaunay constrained triangulation. The contours layer was added as hard line,
while the buildings were added twice, first as fill surface and their boundaries as hard line

borders. See figure [5.85].

ArcToolbox o x
ArcToolbox -~
D Analyst Tools
& 3D Features
& CityEngine
& Conversion
& Data Manag
s LAS Dataset #, Create TIN
& Terrain Dataset r
= e TIN Output TIN ~
#, Copy TIN | cr\sersyadministrator \Documents\arcGIs \CreateTin 1 |R=
& Create TIN Coordinate System (optional)
#., Delineate TIN Data Area ‘ =
., Edit TIN
= B Functionsl Surfsce Input Feature Class (optional)
[ & Raster Interpolation [ = 3
+ Raster Math
% Raster Reclass Input Features Height Field SF Type Tag Field -+
& Raster Surface Crelevaton Elevation_ Hard_Line <MNone> =
& Triangulated Surface <> building tmm build_avg_h.Ave_elev_r Hard_Replace <Mone>
& Visibility <> building tmm build_avg_h.Ave_elev_r Hard_Line <Hone> 1+
= & Analysis Tools
@ &9 Cartography Tools 4+
@ Conversion Tools
&9 Data Interoperability Teols ) o
&9 Data Management Tools ¥
S Editing Tools [ Constrained Delaunay (optional)
& Geocoding Tools
@ @3 Geostatistical Analyst Tools Cancel Enviranments... <= Hide Help
&P Linear Referencing Tools
& Multidimension Tools
& Network Analyst Tools
Figure 5. 67: create tin that take into account the building surface and boundaries
Layer Properties s
General Source Display Symbology Fields Base Heights Rendering
Showe: dd Renderer
Face elevation with ¢~/ "EHEE #
[ Edge types
[] Elevation value Field | | Contour with the same symbol ,
Elevation Edge type grouped with unique symbol

| |Edges with the same symbol
Face aspect with graduated color ramp

Color Ramp: B |Foce clevation with graduated color ramp

——— th graduated color

Symbol Range

Faces with the same symbol
450 - 490,06 |Mode elevation with graduated color ramp

430 - 480 Node tag value grouped with unique symbol
I -0 - =50 Modes with the same symbal

T | N o - 570
Remove | -0 - 310

250 - 230
Show hillshade
illumination effectin 2D 2000 T — 220 - 250

display

Figure 5. 68: create tin that take into account the building surface and boundaries
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Figure 5. 69: Tin as surface

Extrusion for the building:

The buildings will be added as 3D features or as 3D visualization by applying extrusion using
constant value or values from relevant field from the attribute table. The lack of elevation
data for the buildings and their floors number to be able to create a real 3D model and

accurate.

Layer Properties >

General Source Selection Display Symbology Ficlds Definition Gueny: Joins & Relates
Base Heights Time Extrusion Rendering HTML Popup

Extrude features in Iayerb.

Extrusion turns points into vertical lines, lines into
wealls, and polygons in to blocks.

Extrusion valus or expression:

s

Apply extrusion by:
| adding it to each feature's minimum height ~

Figure 5. 70: Tin as surface

Define the base height:
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Layer Properties
General Seurce Selection Display Symbology Ficlds
Base Heights Time Extrusion Rend

Elevation from surfaces
) Mo elevation values from a surface

@) Floating on & custom surface:

<

Definition Guerny Joins & Relates
=ring HTML Popup

| Eswusersyadministrator \Documents VArcGIS\createtin 1

Raster Resclution...

= Elevation from features
= ) Mo feature -based heights

@) Use elevation values in the layer's features

Factor to convert layer elevation values to scene units: custom

) Use = constant value or expression:

o

- Layver offset
Add = constant slevation offset in scene Units: [e ]

About setting base heights

Figure 5. 72: The results

The roads:

Layer Properties
General Sounce Selection Display Symbology Fields
Base Heights

Elewation from surfaces

) Mo elevation values from a surface

(@) Floating on a custom surface:

Time Extrusion Rendering

Definition Querny

| s Wsers\administrator Documents VArcGIShoreate inl.

Raster Resolution...

Elevation from features
(@) Mo feature-based heights

Use elevation values in the layer's features

Factor to convert layer elevation values to scene units: custom

<[ _z.0000

(O Use = constant value or expression:

o

Layer offset

Add a constant elevation offset in scene units:

About setting base heights

>

Joins & Relates

HTML Popup

oK ] | cancel

Figure 5. 73: The results
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5.5 Detection of non-technical electricity losses

Now that our vision has become clear, our focus became on a more important goal, which is
to study the electricity losses, the next step is to get new data, which is the instantaneous
current in the wires (LV_E_ Lines), and this is one of the obstacles that we faced, as there
are no instantaneous current readers for the current at a specific time, and to solve this
problem is to get this information in another way, by calculating the hourly consumption of

each meter through doing many processes.

As a result of the huge number of meters in the city of Qabatya and the difficulty of getting
all of them at a specific time, we decided to limit our study on transformer No. 44 in Qabatya
electricity network, where it has three feeders, including the low-voltage network extending
to consumers (Meters).

a) Our approach to calculate electric loss:

After obtaining the complete information for each consumer and storing them with Excel
files, we moved to the stage of calculating the daily consumption for each consumer, but
we faced a new obstacle which is the difficulty of obtaining a uniform time period for
calculating the daily consumption of each consumer where what restricts us is that the
meters are prepaid meters where each consumer charges his card at different times from

the others.

To solve this problem our suggestion was calculating for each consumer his daily
consumption separately by calculating the number of days from the start of his

subscription to the present time.

When started calculating the number of consumption days for the consumers of the new

type of meters (holly2), one of the other difficulties was that some consumers had a
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subscription period of no more than a few months and to increase the accuracy of the
accounts we searched for them in the old system and took their old information and took
the average of the old and new. Our processes to calculate D_C_R which shown in figure

[5.60]:

a) Firstly: calculate number of consumption days in all excel files of all consumers

through subtract the first electricity charging date from the last charging date.

b) Calculate The amount of electricity consumed by summation for all quantities of
electricity consumed except for the last shipment to the last date we calculated, as it

is logical at this date that this shipment is not considered to be consumed yet.

c) Daily consumption rate (kwWh) = number of days / amount of electricity consumption.

For new consumers (Their meters are of a holly2 type): we calculated the average

daily consumption in their old and new consumption files and then calculate the

average.

C D E F G H | 1 K. AL AN
1 tiAa 3y Slpe sus sl aleaoy of mead |45 il 0340 il ged| 23 ,a21]sgS1 AAKT £l Sl A ganallels a8 fadl e i
> [ooos19 1 0.00 0.00|001 JFa 1.00| 0.00 2019-06-10 0.00 0.00
3 [ooos19 2 0.00 0.00]|001 Jie 1.00| 50.00 2019-06-10 0.00 0.00
2 00619 3 0.00 0.00]|001 Jie 1.00| 46.52 2019-06-14 70.28 40.76
3 '000619 4 0.00 0.00]|001 JFa 1.00| 34.56 2019-06-26 153.97 89.30
5} '000615 35 0.00 0.00]|001 JFa 1.00| 38.91 2013-07-03 220.81 128.08
7 [ooos19 6 0.00 0.00|001 Jie 1.00| A0.65 2019-07-08 290.76 168.64
s [ooos19 7 0.00 0.00]|001 Jie 1.00| 38.04 2019-07-16 356.28 206.64
9 '000619 3 0.00 0.00]|001 JFa 1.00| 37.17 2019-07-25 420.56 243.91
10 '000615 9 0.00 0.00]|001 JFa 1.00| 50.00 2013-08-18 483.03 280.12
11 [ooo619 10 0.00 0.00|001 Jie 1.00| 36.08 2019-09-03 561.96 325.89
12 [oo0619 11 0.00 0.00|001 Jie 1.00| 44,78 2019-09-09 609.62 353.55
13 (000619 12 0.00 0.00]|001 JFa 1.00| 32.60 2019-09-29 708.05 410.64
14 '000619 13 0.00 0.00]|001 JHa 1.00| 39.56 2019-10-11 764.59 443.45
15 000619 14 0.00 0.00|001 JFe 1.00| 31.73 2019-11-01 766.31 444.46
16 (000619 15 0.00 0.00|001 Jie 1.00| 37.82 2019-11-15 889.53 515.90
17 (000619 16 0.00 0.00]|001 JFa 1.00| 88.69 2019-11-28 953.51 553.01
18
9 171
20 DCR 5576081871
21 D_C_Rinold meter 9.41585
2

2 avrg 7.495966
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Figure 5. 74: Calculate daily consumption rate in excel files.

5.5.1 How to calculate the Hourly consumption rate for each consumer

After storing D_C_R information for each meter in meter feature class. We can now calculate

H_C_R by field calculator as follow

He, = D¢, * 1000/24 [4]

e

File Edit View Bookmarks Insett Selection Geoprocessing Customize Windows Help

Dgds B d-fzs ] EFEEDIE e [] Kk~ ERE:

EEMQI i@ -0 %@ b=, X &) - | Q_electricity_network Net | Flow~ %3 | Analysis~ _” + Find Connected v
=] Table x|
IR LY WM
@ x
o /f\/ AN
9 Daily_ Lrate | Hourly consumption rate | _Electric_current | | Pole_a _ M P
ES 3.38047| Field Calculator X
z 0.283368| y
6.424141|  pooe M
4823654 (§) B Saript OPython b (M
1141052 -
193007 Fields: e Functions: M
7.50875| -
Meter_Meter_Numb AT @humber Abs()
P |yt cormmen an}
somg | Vet MeterType Ostring Bl )
omm | Enabled Obate Fix ()
ACRste Int( )
1695148 | " Log()
505798 | Dally_consumption rate ()
0705817 | Hourly_consumption_rate Sar()
5 omaazg| | Hlechic_aurent Tan()
3523193 | Pole_Source )
7731156
Hmf‘ ] show Codeblock =yl -2
10.71308| Hourly_consumption_rate =
BRI M oaiy consumption rat=] *1000 /2]
6448499
5626416
5578893
3.892508)
5421§‘
13.04408] o
1.473203) Mo M
5289305 I - .
e W M ) ) i
MG
H o4 0 M a M V
About caleulstin fields Gear Load... o 7/ i
LV_E_Line_SplitLine | LV_Polel33,
,T‘ Cancel Q 177353.194 201860.229 Mete

Figure 5. 75: Calculate hourly consumption rate

e Calculate the Electric current for each consumer:

1. For Single phase: by using the equation no.(1) in chapter 3, and to do this in

ArcMap firstly we calculate Electric current for all meters considering as single
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phases.

] Table o

=l - B2 TS A i
Meters_1 > \\f:/%{j i
e |

Hourly_consumption_rate| o4 colculator
141.26954
15.97354 Parser b
27017259 (@) VB Script ) Python
200.9939 b
475.4383] Fields: Type: Functions: )
2079458 [Crcter_Meter_Mumb ~ |7 @ mumber Abs () B
33: 22'30;; Meter_Consumer M ) é‘;; (E 3;
B Meter _MeterType (3 string Enm £ 3
372 6401 Enabled O Date fix E g
153 84254 A_C_Rate Loa
-6 31760 Diaily _consum ption_rate bl
Se5 41584 Hourly_consumption_rates Sar { )
oG 4132 Electric_curren: t_T Tan ()
573 08021 Pole_Source -
156 20071 2
353 1315q L] Show Codeblock = 7 = - - -
61387 Electric_current_I =
448 37&3! [Howurly_consum, pton_rate] f220|
220 5732
268 .68744
=344
2451207
370.52114 b
225.88664 r
543.503
51.3834 B
22038771 i
< /
a9 o » » I:E About calculating fields Clear Load... Save... .
LV_E_Line_SplitLine | LV _Polel35 <
4 Cancel

Figure 5. 76: Calculate Electric current for single phase

2. For three phases: Firstly we select all meters that are in three phases by select by

attributes tool that shown in figures [5.63,5.64]:

The query we used is: [Consu_Meters_A] =33 AND [Consu_Meters_B] =33 AND
[Consu_Meters_C] = 33 OR [Consu_Meters_A] = 34 AND [Consu_Meters_B] =34
AND [Consu_Meters_C] =34 OR [Consu_Meters_A] =35 AND [Consu_Meters_B]

=35 AND [Consu_Meters_C] =35

To calculate (1) we used this equation we used equations no. (2 and 3) illustrated in

chapter 3.
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Table
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Meters_1

Hourly_consumption_rate
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Electric_current_| Pole_Source |

141.268583

15973563

270172542

200953914

475.438333

80.794583

312.90825

391.255083

354.070858

I72.64073

193.842583

706.311667

252415823

29.413208

273.080208

159.295708

322131503

613.625

446378333

220.573208

268.687467

234434

249120792

370.521148

225.886667

543.50375

61.383458

220387708

Select by Attributes

Enter a WHERE clause to select records in the table window.

Method : |Create a new selection

[Consu_Meters_A]
[Consu_Meters_B]
[Consu_Meters_C]
[Consu_Meters_Enabled)
[Meter OBJECTID_12]

BlRln
] [ )
][] (] [cavmpmrom e

SELECT * FROM Meters_1 WHERE:

[Consu_Meters_A] =33 AND [Consu_Meters_B] =33 AND
[Consu_Meters_C]=33 OR [Consu_Meters_A]=34 AND
[Consu_Meters_B]=34 AND [Consu_Meters_C] =34 OR
[Consu_Meters_A] =35 AND [Consu_Meters_B] =35 AND
[Consu_Meters_C] =35

| Clear || Verify || Help || Load... || Save... |

<

]

LV_E Line_SplitLine | LV_PoleL35_1 | Meters 1 |

1

obna

oy ]| Ooee |

Figure 5. 77: Select 3phases meters




111

Table x|
H- - BT EE X (MM
Meters_1 = T T
| vl
Hourly_consumption_rate | Electric current I ] Pole_Source | -~ — wMI "
77037184 Field Calculator X g
104.5047) ki
1757.7658]  parser
1080.4854] () B Script (@) Python — (M
25370154 M=
3593 .6758] Fields: Type: Functions: LM
30718945 | peter Meter_Numb AT (®) Number math.log10() ol
200.1596] M math.log1p()
eter_Consumer_MN math.madf( )
1?2?;532 Meter_MeterType (O string mam:pi{)
: Enabled Date math.pow()
1289.94208 A C Rate Cpa math.radians()
2259 36804 — = i math.sin{ )
E2.500 Daily_consumption_rate math.sinh
68 31381 Hourly_consumption_rate ]
652.5641 Electric_current_I math. tan()
£ - - math.tanh({)
142 344 Pole_Source w math. trunc( ) v
341.3583]
ol [ show Codeblock =7 Tl =] =] =

348 0328] Electric_current_I =
241.1485{ | [Hourly_consumption_rate] f{math.sgrt(3) =380 *0.9)|
234187
93.
297. 757
313. 16524
301.80864
109.5621
36.7798]

£

LU 0 il E About calculating fields Clear =l Save. i
LV_E_Line_SplitLine | LV_PoleL35 - - - <
I MK I ranreal

Figure 5. 78: Calculate Electric current for 3phases

e Calculate the Electric Losses for each Lines:

The Electric loss is calculated by the formulas no. (4 and 5) existing in third

chipper.

First to get the resistance of each line, we entered a value of Cross_Sec_Area for each line
by referring to the municipality engineer, where they had four types of Cross_Sec_Area,
shown in the following table [5.2] and each type with its resistance that we adopted on

Conductor resistance @ 20° C.
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Table 5. 2: Electric properties (Technical Data) [66].

Cross_Sec_Area (mm”2) Conductor resistance @ 20° C (©2/km)
3*10 mm2 191
4*25mm?2 12
4*50+2*25mm2 0.641
4*95+2*25mm?2 0.32

Then we converted the value of lines lengths from meters to kilometers as shown in figure

[5.65]:

Table R x
ERIE AL
LV_E_Line_SplitLine x
Name length Resistance Cross_Sec_Area Lenuthfm ; Shape_Length | Resistance L R Meter Out | P_Source | ~
Cu Cable 3 phase = earth + N 10.28387 1.91 [ 310 mmz Field Calculator %
Cu Cable 3 phase = earth + N 1848115 1.91 310 mm2
ABC Cable 6/1 kv 264.1661 0.32 | 4°95+2°25mm2 —
ABC Cable 6/1 kv 264.1661 0.32 | 4°95:2°25mm2 @) VB Seript O python
ABC Cable 8/1 kv 264.1661 0.32 | 4*95+2°25mm2
ABC Cable 6/1 kv 264.1661 0.32 | 4"95+2°25mmz2 Fields: Type: Functions:
ABC Cable 6/1 kv 264.1661 0.32 | 4°95+:2°35mm2 Pr— A @n ()
ABC Cable 6/1 kv 264.1661 0.32 | 4°95+2725mm2 umber am{}
ABC Cable 6/1 kv 7641661 0.32 | 4*95:225mm2 Cross_Sec_Area O Cos()
ABC Cable /1 kv 264.1661 0.32 | 4°95-2725mm2 Length_KM e Exp (]
ABC Cable 6/1 kv 264,761 0.32 | #°95-225mm2 Shape_Length Opate IF";( )
ABC Cable 6/1 kv 2641661 0.32 | 4°95+2°25mm2 Resistance LR ng({ ),
ABC Cable 6/1 kv 264.1661 0.32 [ 47g5+2725mmz2 Meter_Out Sin ()
ABC Cable 6/1 kv 137535 0.32 | 4°95:2°25mm2 P_Source Sar ()
ABC Cable 8/1 kv 137.535 0.32 | 4*95+2°25mm2 P_Destination Tan ()
ABC Cable 6/1 kv 137.535 0.32 | 4°95+2°25mm2 Feeder IN o
ABC Cable 6/1 kv 137535 0.32 | 4°95+:2°25mm2
ABC Cable 8/1 kv 137.535 0.32 | 4"95+225mm2 [show Codeblack =y falle]] )=
ABC Cable 6/1 kv 137.535 0.32 | 4°95+2°25mm2 Length_KM =
ABC Cable 8/1 kv 137.535 0.32 | 4*95+2°25mm2 [Shape_Length] /1000] L
Cu Cable 3 phase = earth = N 6.763802 1.91 310 mm2z
Cu Cable 3 phase + earth + N 251064 1.91 | 3*10 mm2
Cu Cable 3 phase = earth + N 11.54808 1.91 310 mm2 \/f\
Cu Cable 3 phase + earth + N 12.27927 1.91 [ 310 mm2 i
Cu Cable 3 phase = earth + N 16.46043 1.91 310 mm2 /,
Cu Cable 3 phase = earth = N 2573078 1.91 310 mm2z ) ™M
ABC Cable 6/1 kv 1124495 1.2 | 425mmz
ABC Cable 81 kv 112.4485 1.2 | 4°25mmz2
RS S e —
T 0+ n [B]E 7 0outof 356 Selected) . pom - p—
LV_E_Line_SplitLine | LV_Polel35_1 | Meters 1 | )
| e N —

Figure 5. 79: Convert the value of lines lengths from meters to kilometers
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Then we add field named by Resisitance_L_R to calculate R for each line which is the

product of the resistance by the length of each line, this is illustrated by the following figure:

Table a x
ERE-R -1 ]
LV_E_Line_SplitLine x
Name length Resistance Cross_Sec_Area | Length_KM | Shape_Length [ Resistance L R | Meter_Out | P_Source ~
Cu Cable 3 phase - earth + N 10.28387 1.91 | 310 mm2 -
Field Calculat:
Cu Cable 3 phase + earth = N 1848115 1 Lalculator x
ABC Cable 61 kv 2641861
ABC Cable 61 kv 2641861 barser
VB Script Python
ABC Cable 61 kv 2641861 @ " Oy
ABC Cable 61 kv 264.1861 Fields: Type: Functions:
ABC Cable 611 kv 2841861 . = 205 ()
ABC Cable 611 kv 2641861 | 032 |495.2725mmz | | Looo e ®) Number A ()
2BCC Cross_Sec_Area
able 61 kv 2841861 O string Cos ()
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Figure 5. 80: Calculate the value of Resisitance_L_R

Geometric network for Zoon (Transformer 44_LV_ network) of study area:

Repeat all the previous steps for building the Geometric Network, which summarized as

follows:

1. Build a new shapefile for the study area, which is the transformer 44 polygon called

by Tower 44 , to draw a polygon around the network of this transformer

2. Build a new feature classes based on Tower44 using clip tool, the new layers we got
is as follows: ACSR_Cable, Feeders, LV_E Line, LV_PoleL35, Meters, and

MV _tower_transformer_Source

3. Built new feature dataset and import these feature classes in it.
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4. Modify the three field of ABC phases where classify the phase type based on feeder

id, their three feeders on tower 44 which is: 33, 34, and 35. When the value of three

field of one meter are not 0 that’s means the meter is take from 3 phase otherwise if

two value have zero and the other have value of feeder id then we can recognize that

the meter is a single phase.

Meters_1

OBJECTID *

Shape *

=

P

M_N

&7

Point

74

1681

0

35

ﬂ.’:-'--‘..u""‘.--—«--—»—-—--‘1.‘Sir1g|£- phase_phase B, the meter is on feeder 35
)

]

Point
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7052379
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29
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17

552
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e 3 ph@ses, the meter is on feeder 34

50

Point

o|lolala

17

7041559

34

mad

5. Create a new topology to fix errors.

[y

-

7777777

a

Figure 5. 81: Determine single and triple phases

6. Rebuild geometric network for tower44 network called Q_electricity network, and

identified MV _tower_transformer 44 as the main network source.

Build Connectivity Rules for Q_electricity network

In this stage building a connectivity rules for new geometric network is an important thing,

define the relationships between network elements (features classes) in details, and where

described as follow:

e Feeders is connected to MV _tower_transformer_Source_1 through ACSR cables.

Poles connected to Feeders through LV _Lines.

e Poles connected to themselves through LV _Lines.

e Poles connected to meters through LV _Lines.

e LV _Lines connected to meters.

e LV _Lines connected to meters.
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e LV _Lines connected to Feeders.
e ACSR cables connected to MV_tower_transformer_Source_1.
e ACSR cables connected to Feeders

Building these connectivity rules in ArcMap is shown in the following figures [5.68 - 5.70]]:

(=] ACSR_Cable

[**] Feeders

[*) LinesABC_Phases_1

[=J LV_E_Line

[%7 Lv_Polel3s

[%7] Meters

i MV_tower_transformer_Source

=l B Copy
[P0 Q_ele]| X Delete
@ Q_Netwe Rename
E £ Folder Conn
1 Ch
£ Ci\Users
£ Ch\Users
E1FNQEG
=l Bl Toolboxes ||':f Properties...
B8 b Trnlhaves

@ Itern Description...

Figure 5. 82: Open connectivity rules interface through properties of geometric network

| Geometric Network Properties X B
i': G | Connectivity Weight
——a =L =it choose feature class that we wi
Connectivity rules for feature class): { deterimine it's connectivity rules
W Cardinality
ACSR_Cable ~
Specify number of edges a junction can
Subtypes in this feature class: connect to
- Min: Max:
1“1‘:;-1 Description Code = - A S
— ACSR_Cable 0 : "
M
| - Specify the number of junctions an edge can
3 N connect to
|"I'\-"I' L . i
; Min: Ma: kg M
" - i
m Subtypes in the MNetwork: Junction subtypes: |\'—"| Y]
—IMJ O MV_tower_transformer_Source MV _tower_transformer_Source |
[J LV_Polel35 LV_PoleL35
iy i [ Feeders Feeders
M |\' -0 Meters Meters
/ [[]  ACSR_Cable Q_E_N_NMet_Junctions
]
i [0 @Q_E_N_Net_Junctions
i -
i‘\:’i set relations with other feature classes Cancel Apphy

Figure 5. 83: Set connectivity rules for all feature classes
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Cardinality

Specify number of edges a junction can

connect to

Min: Max
Description Code ~ - - S
LV_E_Line 0 - -
Specify the number of junctions an edge can
connect to
Min: Max
Subtypes in the Metworlk: Junction subtypes:
MV_tower_transformer_Source MV_tower_transformer_Source
LV _PolelL35 LV_Polel35
Feeders Feeders
Meters Meters
ACSR_Cable Q_E_N_Met_Junctions
LV _E_Line
Q_E_MN_MNet_Junctions
Cancel Apply
=T w VA
I R §

Figure 5. 84: Example of connectivity rules For LV_E_Line'_'

Determine the direction of Electric current:

Firstly, selection a point source in the layer MV_tower_transformer_Source_1 which is
Directorate of Education (Algadima) from ancillary rule that was built automatically from
geometric network which is illustrated in figure [5.71], this point linking the electricity
network in each other, connect the power to all the network elements and have the keys of

power outage.

Table ax
MV _tower_transformer_Source_1 X
OBJECTID®* | Shape* Elevation Transformer_Name Rating_Power_KVA | ID | pha | Enabled AncillaryRole
} 1 | Point 0 | Directorate of Education (Algadima) 400 | 44 | =Null= |=<Nul= Source w
<hull=
None

Figure 5. 85: Determine the source of network
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Utility Network Analyst Tools:
After completing the construction of the electricity geometric network completely and
correctly, we were able to analyze and manage the network using Utility Network Analyst
Toolbar such as:

e Determine the direction of Electric current through Utility tools: as shown in following
figure the electric current flows from source (Transformer 44) to all meters through

Q Q_Network - ArcMap 8 x
File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help
N E& B - [1100 I EEEE D it » Kb 2o HRIBL
Bla Mm@« (- T K@ LIADS - [ Qelectricity_network Net | Flow=| % | Analysis~ I « [Find Connected U4
Display Arrows For  » ~
E Display Arraws )
2 = g
G
% M 5
i @
— 7
— ]

Figure 5. 86: Display the direction of Electric current

e Find disconnected: find all lines that are not connected to a specific point through the
electricity network, for example Knowing the parts of the network that will be affected
when a malfunction occurs in a specific place in the network
As the example shown in the following picture, using this tool all the lines and meters
that will be affected by the power outages it will be known and identified in an easy way.
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‘EZQQED }*4: Editor~  » i AN =g
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Figure 5. 87: Find disconnected

The next work was for calculate Power losses at any location in the network, for that the
electric current data at this location is important where calculation of electricity loss depends
on the value of the electric current, resistance and length of the line, but the electric current
is known only at the meters, and through which we can know the electric current at the pole
connected, which is equal to the sum of the currents at the meters connected to it, therefore
so we suggested the following solution:

First, calculate the current at any line or pole using the hierarchical tree in a backward way
As we have linked each meter to the column to which it is connected by adding this
information in the meter table as shown in the picture, where this column (named

Pole_Source) represents pole id.
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Table oo
=l - - B B
Peters_1 =
Daily_consumption_rate Hourly consumption_rate Electric_current_| Pole_Source ~

» 3.39047 141 . 289583 0542134 =
0.3-83366 15.973563 0.072807 141

G 454141 ZT0.1TZ2542 1.228057 2

4. 823854 200.9935914 0.913509 138

11.41052 475. 438333 2.181083 35

1.93907 80. 794583 0.138394 53

T.50975 312.90625 1. 422301 54

9. 390122 391 255083 1. 778432 Ta

2.497703 254.070958 1.505413 54

85.943378 3ITZ2.54075 1.893822 40

48552222 193842583 0.281103 40

15.95148 T06.311667 1.192366 25

5. 05798 252 415823 1147345 58

0. 705817 25413208 0.133656 7a

6.553925 273.080208 1.241274 105

3.823193 159 299703 0.2585923 7a

F.731156 322.131503 1. 454234 80

147318 513.825 Z7a0114 a1

10. 71308 445 378333 2.02859592 73

5.293757 220.573208 1.002805 106

5.442495 258 8587457 1.221307 106

5.5265416 234 434 1.065609 107

5 973399 249 120792 1132387 7o

Ifiéh_ré_B. 88: add the pole source for each meter to the Meter table

Then add each source and destination for each line but the lines are connected to each other,
because when we started drawing the lines, we used to draw the entire line from its beginning
to the end, but this will not help us when will use the hierarchical tree for calculate electric
current and losses, because each line has more than one source and more than one destination
so we had to solve this problem by using of split line tool: it's function is dividing the lines
at each point in the network (in our case the points represent the transformer, feeders, meters),
and the result after using this tool is shown in the following image, this means that each part
of the lines has a row in the lines table and has a special id, length and a special resistance
for it.

Now after having the complete lines table named LV _E_Split lines, our need became to add
the source and destination for each line by identifying each line on the network, its source
and destination and taking the ID for each one and adding it in the new columns that we
added in the Table of LV_E_Split lines which are:

e P_Source: source of line.

e P_Destination: destination of line.
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e Meter_Out: destination of line in the end of network.

e Feeder_In: source of line in the beginning of network.

Next added a new column this table to calculate the resistance for each line, which is by

multiplying the length by the resistance , but the length unit here is meters, so we added a

new column to convert the meter to a kilometer called (Length_KM), using the Field

calculator tool.

S @ Il

-3 @ ESRreAl =i

B o U slectaaby_neswors_Het

~ Flow=

Anzrpzisw SE - 1ind Cornectec

E}
3

AL [ S

f&P_desﬁna:inn

Figure 5. 89: determine for each line on the network, its source and destination

)

Length_ KM

Shape_Length

Resistance_L_R

Meter_ Out

P_Destination

Feeder_II

Figure 5. 90: add source and destination for each line on the network in LV_E_Split Line table.

0.020058 20.057582 0.03831 28 17 | =Mull= =Mull=
0.002503 B8.503418 0015242 34 33 | =MNuli= =Mull=
0.037E7T3 3T.872503 0071954 35 33 | =MNull= =Mull=
0005587 5 587056 0.012581 33 S8 | <MNull= = Mulli=
0.012588 12.588384 0024044 37 88 | =MNull> =Mull=

o.o1va 17 80045 0033959 | <Mull= 12 89 | <=Mull=
0.015195 15196131 0029025 36 89 | =MNull= <Mull=
0.020151 20.151058 0.032489 B9 38 | =Mulk= =Mull=
0.025336 26.335602 0.050301 o1 38 | =MNull= =Mull=
0.014141 14141136 002701 57 22 | =MNull= =Mull=
0.045233 45. 232854 0.054279 | =Mull= 23 93 | =Mull=
0.027903 27.903395 0.03349 | =Null= o3 22 | =Mull=
0022959 22 958837 0043851 59 3 | =MNull= =M=
0.024939 24.933973 0.04TVZ9 71 T2 | =Mull> =Mull=
0028223 pra s irarare s ks 0050086 7o 53 | =MNull= =M=
0.009539 B9.538773 0018219 T2 G4 | =Mull> <Mull=
0.034213 24.213237 0.041058 | =Mull= 21 2 | <Mullk=
0.019037 19.0&87001 0.022904 | =Mull= oz S | =Mull=
0.011171 11.171249 0021337 85 21 | =Mull= =Mull=
0.023852 23 851851 0.045175 54 G2 | =MNull= =M=
0.024935 24.9835501 0.04TVE2 53 a2 | =Mull> =Mull=
0.011275 11 278753 0021542 57 S | <MNull= =M=
0.017336 17.335754 0011112 | =Mull= 71 a5 | <Mull=
0.027881 27.880587 0.017871 | =Mull= o5 284 | <Mull=
0.031587 31.586546 0020247 | =Mull= o4 9 | =Mull=
0.023745 23.744735 0.01522 | =MNull= (3] 85 | =Mull=
00285938 26 988168 0017259 | <Mull= 55 85 | =MNull=
0027301 27.30128 0052145 g1 84 | =MNull=> =Mull=
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As we note now the data has been modified and therefore we had to rebuild the network again

by repeat all the steps of building the geometric network and rebuilding the connectivity rules

that we mentioned earlier.

Meters and lines tables were exported to excel files to calculate electric current and loss by

using SQL Navigator for Oracle (Oracle Database used for stored data), where used 4

algorithms to calculate was current and loss at each line and every pole

Then we used the Java programming language and a NetBeans IDE 8.0.1program to display

the results in a website as shown in the following figures:
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Figure 5. 91: Export LV_E_Split Line table to excel file.

Table 5. 3: Sample of the Line table stored in Oracle Database

OBJECTID P_SOURCE P_DESTINATION L_R

1

W ON WL WN

118
24
a9
87 16
16 18
43
16|
42
a1

la1
17

0.

QIOIOIQIC(QO|Q|O

0396499799353072
.0422070656331209

-0373486497434277 |

-0178465401995647
.0788363197983472
-0175615115523377

-0364490244655363 |

.0310076990987045
-0195969123609834

IS_METER | IS_FEEDER
73
48
47|

117
93]
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Table 5. 4: Sample of the meter table stored in Oracle Database

OBJECTID CONSU_METERS_A| CONSU_METERS_B| CONSU_METERS_C| ELECTRIC_CURRENT _I
0 35 0 0.64213446969697

2 0 0 35| 0.0726071022727273
3 0 0 35|  1.22805700757576
4 35 0 0/ 0.913608700568182
5 0 0 35| 2.16108333333333

Procedure calculate losse(pole n)
Current =0;

Length=0;

Resistance =0;

Path_value=0;

Node_value=0

For all meters m connected to pole n;
Current = Current + Current at meter m
For all node N in path from source to pole n
Loop

Nod_ value= NRisitance* NLength
Path_value= Path_value+ Node_value;
End Loop

Losse= current* Path value;

End,;

Class 1 Calculate the loss at a particular Pole

Procedure calculate losse(cable n)

Current =0;

Length=0;

Resistance =0;

Path_value=0;

Node_value=0

cable n=pole destination;

For all meters m connected to pole destination;
Current = Current + Current at meter m;

For all node N in path from source to pole destination
Loop

Node_value= NRisitance* NLength
Path_value= Path_value+ Node_value;

End Loop

Losse= current* Path_value;

End;

Class 2 Calculate the loss at a particular Line.
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select sum (m.electric_current_i)
from meters m

where  m.consu_meters_a<>0
and m.objectid in (

select p.is_meter

from poles p

where p.is_meter is not null

start with p.objectid = 6

connect by prior p.p_destination = p.p_source

Algorithm 1: Calculates the summation of the Electric current value for all Meters connected to a specific line

select sum (p.l_r),

from poles p

start with p.objectid = 6

connect by prior p.p_source = p.p_destination

ﬁlgorithm 2: To calculate the summation of the Resistance_L_R values from the start of the feeder to a specific
ine

For all algorithms and full code see. Appendix A.

¢ @ © @ localhost:8787 ftestDemo/ B 9% v MmO ® & =

—_— . ~

[ < A\
Submit ) { Submit )

Selected Line : Selected Pole :
Selected Phase : [] Selected Phase : []
Current : Current :
Resistance L R: . Resistance L R:

Losses : Losses :
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Figure 5. 92: Project web page interface to show results

On the web page, it shows us the ability to inquire about the loss, electric current, and the
resistance from the feeder to determined pole or cable (line) information for a specific pole
or cable by selecting the id of them from the pole and cable menus, also the selection of a
specific phase (ABC), then click on submit and all necessary information will be displayed
on this web page.

For web page design code see. Appendix B.

5.6 Test & Validation results

Example for test loss calculation, at pole 41 at phase B as showed in following figure [6.1]:

\—

( r;.-]/

alcula‘te loss for this M

pole have id 410

M Current in pole 41 is

/ summation for all meters

current connected to pole 41 {iﬁ\/
M

Figure 5. 93: Example of Pole 41 to calculate its loss result

First calculate current for all meters current at pole 41as follow:
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First select all meters at phase B by test B attribute value that not equal zero in Meters table:
Current at pole 41 = 0.576267+ 1.828835+ 1.714952+ 1.824031

Current at pole 41= 5.944085 Ampere

Now from equation [4] and [5] we can calculate loss:

R= (0.001636*0.32) + (0.034714*0.32) + (0.02584*1.2)

R=0.04264Q

Pypss— 5.944085 £2*0.04264

Pjoss= 1.5065627 Ampere Q

The results of Our SDSS web bage gives the same results, which that insure the reliability of our
system as shown if figure [6.2].

Spatial Decision-Support System for Electrical Distribution Grids

\ . 7
Submit ' Submit
,/ .\‘

Selected Line : . Selected Pole : 41

Selected Phase : [] Sélectec‘r Phase : [B]

Current: * Current : 5.944(:)8-—199i
Resistance L R: : Res‘istancefL‘_R 1 0.04263580809

Losses : Losses : 1.506555942

Figure 5. 94: System results for pole 41

Let take other example for test loss calculation, at line 18 (phase C) at other feeder:
First calculate current for all meters current at line 41as follow:

First select all meters at phase C by test C attribute value that not equal zero in Meters table:
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Current at line 18 = 5.944085 Ampere

Now from equation [4] and [5] we can calculate loss:

R=(0.001161* 0.32) + (0.010881* 0.32) + (0.015196* 1.91) + (0.016552* 0.32) + (0.0178*
1.91) + (0.023179* 0.32) + (0.028229* 0.32)

R=0.088624Q

Pyoss= 1.46439672* 0.088624

Pjss=0.190050237 Ampere Q

Spatial Decision-Support System fqr"’EIectricaI Distribution Grids

‘\‘ . - {/’ T
Submit ) . \ Subfhit
,/ \\

Selected Line : 18 - [ Source : 89 - Meter : 36 ] , Selectea.:l Pole :
Selected Phase : [C] TocC Selected Phase : []
Current : 1.46439583333333 : . Current :
Resistance L R: 387996632 : Resistance_L_R:

Losses : 0.190050759684 71893 Losses :

Figure 5. 95: System results for cable 18

As we notice that the results of manual calculations exactly the same as our system results.

Let this data be made a geographic and graphical meaning, we need to represent it in the
ArcMap, so first we extracted the line table as an Excel file from the oracle database, as it
contains additional information which is the loss and electric current for each line and, but
the extracted line table had no coordinates, so we do the following steps to get coordination’s

for this data:



e Add this table to ArcMap
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e Select by attribute the lines of phase A, which determined by this query:

Select Consumer_Meter_A=1

=] Table Select by Attributes >
| 5
% = - |- | B B Enter a WHERE clause to select records in the table window.
= e Method : Create a new selection ~
g P_SOURCE P_DESTINATION FEEDER_IN =
= * 118 | =Mull= <Mull=> COMNSU_METERS_A ~
s 118 | <Null= <Null= CONSU_METERS_B
= 118 | <Mull- =Hull- CONSU_METERS_C
118 | =Null= =Mull= E_CURRENT
24 [ =<Nulk= =Mull= LOSSES hl
24 | =MNull= =Mull=
24 | =Mull= =Mull= = <= Like o
24 | <Null> =Hull~ 1
29 | <Null= <Null= > >= And
49 | =Null= <Mull=
49 | =Null= =Hull= = == T
49 | =Null= =Mull= = ) Mot
87 |18 <Mulk=
87 |16 =Mull= Is In MNull Get Unique Values | Go To: l:l
&7 |18 =Mull=
a7 |18 =Nl SELECT * FROM Q1D Tablel WHERE:
15 (18 <Mull= CONSU_METERS_A= 1|
16 | 18 =Mulk=
16 | 18 <=Mull=
16 | 18 =Mulk=
43 | =Null= <Mull=
:i ::E::: :::::: Clear Verify Help Load... Save...
43 | =Mull= =Mull=
16 | =Mull= =Null= Apply Close
16 | =Mull= =Mull=
16 | =Mullk= =Mulk= 93 o 1
18 | <Mull= =Mull= 93 o o "
< - - >

1w % (0 out of 1424 Selected)

Figure 5. 96: select all lines for phase A

e This query get all lines on phase A, so we export this selected data to new layer.

Table B X Table Of Contents LS
EREHCYY SEIELE
A x
oD | OBJECTID_1 | OBJECTID *| P_SOURCE | P_DESTINAT | FEEDER_IN | METER_OUT | CONSU_METE | CC A
[0 1 1 118 73 1 B ARE
1 2 1 18 73 1 5
> < > N = 1

Figure 5. 97: phase A table results

e then join it to the main LV_E_Split Line, by objected id, which is have coordinates

for each line, then export this data to new shapefile.
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Eg| Teble Of Contents oo | !
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-—O 00A0E5 - 28.838810 for example, symbolize the layer's features using this data.
B8 A_RE What do you want to join to this layer?
E_RE
g CiRE Join attributes from a table ~
E2 3Phase
===]-% 1. Choose the field in this layer that the join will be based on:
= B [oBIECTID ~]
BE C
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[eBaecTD -
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Unmatched records will contain null values for all fields being

= LV_Polel35_1 appended into the target table from the join table.

= C_electricity_network_Met_lu
-

=l transformer_Cable

LV_E_| plitLine TeTeTm T
alida oin

= B3 ChUsers\AdministratoriDesktopires
E2 'Sheet 15"

(@) Keep only matching records

If a record in the target table deoesn't have a match in the join
table, that record is remowved from the resulting target table.

About joining data Cancel

Figure 5. 98: join between A_RE and LV_E_Split Line

e Use the sympology (Quantities_ Graduated Colors) for it, where we can clarify the
gradations of loads in phase_A network by representing it colors from lighter to

darker.
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Legend
Cormrect_A
E_CURRENT
——— 0.000000
~——— 0.000001-25
—25-112
— 11.2-20.0
——20.0-30.0
——30.0-40.0
——400-5138

Voltage vs. Distance For phase A

Legend
Correct_B
E_CURRENT
——— 0.000000
0.000001-0.1
e 0.1-25
—_—25-112
— 11.20-200
—— 20.0-30.0
—— 30.0-40.0
—— 400-510
—— 510-6738

Figure 5. 100: phase (B) network
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Voltage vs. Distance For phase C

Legend
Correct_C2 G B
™M (Y
E_CURRENT -
——— 0.000000
~—— 0.000001 - 0.100000
0.100001 - 2.500000
= 2500001 - 11.200000
11.200001 - 20.000000
== 20.000001 - 30.000000
= 30.000001 - 40.000000
40.000001 - 51.000000
e 51.000001 - 67.000000

Figure 5. 101: phase (C) network

5.6.1 Comparison and Smart Decisions

LR T T

ammr-zsmony
]
— bt 2w
— nma. s
— - s
— . s
e

(A) (B) (©)

Figure 5. 102: Comparison between the 3 Phases results
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As demonstrated in figure [6.10] results for each phases presented by graduated color using
the same classification classes range in order to highlight the deference between 3 phases
voltage distribution, that will help the decision maker to manage and design new connections
more effectively by distribute the network connections in such way trying to balance between

3 phases distribution for each feeder.

5.6.2 3D Model Results

After 3D model created and designed , it present to give a virtual really image of the system
in the study area to help the decision makers to understand, watch the results of the reality to
be able to manage it smartly and making right decisions. The results of 3D model for all 3
phases (A, B, C) are shown in figure [6.8].

The results of 3D model for all phase A are shown in figure [6.9]. And figure [6.10] to show
the flow of electric current in phase A low voltage network.

The results of 3D model for all phase B are shown in figure [6.11]. And figure [6.12] to show
the flow of electric current in phase B network.

The results of 3D model for all phase C are shown in figure [6.13]. And figure [6.14] to show

the flow of electric current in phase C network.
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Figure 5. 103: The results of 3D model for all 3 phases (A, B, C)

Figure 5. 104: The results of 3D model for all phase A



Figure 5. 106: The results of 3D model for all phase B
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Figure 5. 108: The results of 3D model for all phase C
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Figure 5. 109: The results of 3D model for all phase.

CONLUTION

This chapter illustrated the system implementation, study area, data collection preparing, and
the obstacles we faced to get them, used tools, additionally it presents the building of
Geometric network for hall Qabatya electrical grid initially then the low voltage network in
particular taking into account the 3 phases networks, then we showed our SDSD system
which is developed based on SQL to calculate electric losses depending in calculated electric
current data by using the hierarchical tree. Codes and results also presented in this chapter
using and java platform. The next section illustrate how we built 3D Model for Qabatya

electrical distributed network especially for 3 phase’s networks. Finally all thesis results.
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Chapter 6: Discussion and conclusion

The electricity sector in Palestine in general and the city of Qabatya in particular face serious
challenges to manage electricity networks and the increased complexity of the network has
led to the difficulty of managing the network as a whole. The restrictions imposed by Israel
on Palestine prevent the development of electrical network equipment, such as smart meters
that read the current and other electrical data, in Our research faced the difficulty of collecting
data and the lack of it made us suggest a system that helps in obtaining this missing data to
build a spatial SDSS to calculate electrical technical losses using the capabilities of GIS
where we worked on integrating computer science with GIS and as we were able to produce
a system that helps to manage complex Electricity distribution network and help decision-
makers to take the right measures to solve some technical problems such as power loss, power

cuts and management of the network.

In this thesis, spatial data was collected, Digitized and prepared for GIS geodatabase for
creating geometric network to connect the relevant geometric layers in order to express the
complex electric system components.

Medium and low voltage network were considered, transformers and feeders were also taken
into account. Cables at 3 phases were digitized and relevant attributes were added just as
material and cross section area, length was calculated geometrically counting on the spatial
abilities of GIS, and the resistance was calculated mathematically. We have introduced the
SDSS is to demonstrate the distribution of electric system as geometric network in GIS.

We applied electric theories and equations to calculate the current and technical losses using

backward and forward approach to express the electric flow and its distribution in the
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network. Our results were exported to attribute table that was joined to the spatial data. This
enrichment data helped to present them spatially on the map, presenting, semantic maps using
graduated color sympology for the electric current for each cable at any phase to help the
decision makers to understand, watch the results of the reality were satisfactory and to be

able to manage it smartly and making right decisions.

Future Work

As further steps for the suggested model developed in this thesis’s research more data can be
included and considered such as medium voltage distribution network layer in order to build
a complete combined geometric network that will take into account all the electric system
components.

Smart meters can be added and online reading electric current data will be considered and
analyzed for SDSS and so we can calculate not only technical loss but also non-technical
losses, in addition to that, the data mining assumptions will applied to see the relationships
between the data so we can predict electricity problems before It happens like a power outage

and power theft.
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Appendix A.

I/l parameters: pole, phase
// build SQL query to calculate the SUM of electric current for all meters
connected to the pole (parameter)

String ele_curr = "select NVL(sum (m.electric_current_i),0) sum_ele_curr"

+" from meters m where";

/Il select the phase depending on the user selection

if (this.phases.contains("A")) {

ele_curr+=" m.consu_meters_a<>0and ",

if (this.phases.contains("B")) {

ele_curr+=" m.consu_meters_b <>0and";
}
if (this.phases.contains("C")) {

ele_curr+=" m.consu_meters c<>0and";

Il retrieve all meters connected to the pole using hierarchical query

ele_curr +=" m.objectid in (  select p.is_meter "
+" from poles p "
+" where p.is_meter is not null "
+" start with p.p_source =" + this.pole + ™"
+" connect by prior p.p_destination = p.p_source)";

/Il Query is ready
I/l create a new connection to the database and send the query to be
/I executed
conn = new Conn();
conn.executeQuery(ele_curr);
/I retrieve the result from the query and get the value of electrical current
if (conn.get().next()) {
this.sumEleCurr = conn.get().getBigDecimal("sum_ele_curr").round(m);
}

conn.reuse();
// build a query to find the summation of the resistance
String |_r =" select NVL(sum (p.l_r),0) assum_| r"
+" frompolesp”
+ "start with p.p_destination =" + this.pole + ™"
+ "connect by prior p.p_source = p.p_destination";
/[ execute the qu.3
ery then retrieve the result of the resistance
T T T
conn.executeQuery(l_r);
if (conn.get().next()) {
this.sumLR = conn.get().getBigDecimal("sum_|_r").round(m);
}

/Il calculate the value of losses
this.loseValue = this.sumEleCurr.pow(2).multiply(sumLR).round(m);
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conn = new Conn();
conn.executeQuery(ele_curr);
/I retrieve the result from the query and get the value of electrical current
if (conn.get().next()) {
this.sumEleCurr = conn.get().getBigDecimal("sum_ele_curr").round(m);
}
conn.reuse();
// build a query to find the summation of the resistance
String |_r =" select NVL(sum (p.l_r),0) assum_| r"
+" frompolesp”
+ "start with p.p_destination =" + this.pole + ™"
+ "connect by prior p.p_source = p.p_destination";
/Il execute the query then retrieve the result of the resistance
conn.executeQuery(l_n);
if (conn.get().next()) {
this.sumLR = conn.get().getBigDecimal("sum_I_r").round(m);

Il calculate the value of losses
this.loseValue = this.sumEleCurr.pow(2).multiply(sumLR).round(m);
/I SQL query to find all meters connected to the line the calculate the
summation
/I of electrical current
select sum (m.electric_current_i)
from meters m
where
[* if the user select phase A then the condition: m.consu_meters_a<>0?%*
m.consu_meters_a<>0
and m.objectid in (
select p.is_meter
from poles p
where p.is_meter is not null
/* objected = (the line parameter) */
start with p.objectid = 6
connect by prior p.p_destination = p.p_source

)

/* SQL query to find the summation of the resistance of all lines using
hierarchical query */
select sum (p.L_r),
from poles p
[* objected = (the line parameter) */
start with p.objectid = 6
connect by prior p.p_source = p.p_destination
/I build SQL query to retrieve results from the results table
String ele_curr = "select objectid,p_source,p_destination,feeder_in,meter_out,"
+" consu_meters_a,"
+" consu_meters_b,"
+" consu_meters_c,"
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+" e_current,"
+ " losses"

+" from results"
+" where";

/I condition depending on the phase parameter
if (this.phases.contains("A")) {

ele_curr+=" consu_meters_ a=1and";
} else {

ele_curr+="  consu_meters_ a=0and";
}
if (this.phases.contains("B")) {

ele_curr+="  consu_meters b=1 and";
} else {

ele_curr+="  consu_meters_b =0 and";
}
if (this.phases.contains("C")) {

ele_curr+="  consu_meters c=1and";
} else {

ele_curr+="  consu_meters ¢ =0and";
}

/l'line = parameter
ele_curr +=" objectid =" + line;
/[ execute the query
conn = new Conn();
conn.executeQuery(ele_curr);
I/l retrieve the query results
if (conn.get().next()) {
this.losess = conn.get().getDouble("losses");
this.curr = conn.get().getDouble("e_current");
this.source = conn.get().getString("p_source");
this.dest = conn.get().getString("p_destination");
this.feeder = conn.get().getString("feeder_in");
this.meter = conn.get().getString("meter_out");
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Appendix B.
Web xml
<?xml version="1.0" encoding="UTF-8"?>

<web-app version="3.1" xmlns="http://xmlns.jcp.org/xml/ns/javaee
xmlins:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemaLocation="http://xmlns.jcp.org/xml/ns/javaee
http://xmins.jcp.org/xml/ns/javaee/web-app_3 1.xsd">

<context-param>
<param-name>javax.faces.PROJECT STAGE</param-name>
<param-value>Development</param-value>
</context-param>
<context-param>
<param-name>primefaces. THEME</param-name>
<param-value>nova-light</param-value>
</context-param>
<context-param>
<param-name>primefaces.FONT_AWESOME</param-name>
<param-value>true</param-value>
</context-param>
<session-config>
<session-timeout>
480
</session-timeout>
</session-config>
<mime-mapping>
<extension>eot</extension>
<mime-type>application/vnd.ms-fontobject</mime-type>
</mime-mapping>
<mime-mapping>
<extension>otf</extension>
<mime-type>font/opentype</mime-type>
</mime-mapping>



150

<mime-mapping>
<extension>ttf</extension>
<mime-type>application/x-font-ttf</mime-type>
</mime-mapping>
<mime-mapping>
<extension>woff</extension>
<mime-type>application/x-font-woff</mime-type>
</mime-mapping>
<mime-mapping>
<extension>svg</extension>
<mime-type>image/svg+xml</mime-type>
</mime-mapping>
<mime-mapping>
<extension>woff2</extension>
<mime-type>application/x-font-woff2</mime-type>
</mime-mapping>
<servlet>
<servlet-name>Faces Servlet</servlet-name>
<servlet-class>javax.faces.webapp.FacesServlet</servlet-class>
<load-on-startup>1</load-on-startup>
</servlet>
<servlet-mapping>
<servlet-name>Faces Servlet</servlet-name>
<url-pattern>*.jsf</url-pattern>
</servlet-mapping>
<welcome-file-list>
<welcome-file>index2.jsf</welcome-file>
</welcome-file-list>
</web-app>
Index2.xhtml code
<?xml version='1.0" encoding="UTF-8' 7>
<IDOCTYPE html PUBLIC "-//W3C//[DTD XHTML 1.0 Transitional//EN"
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"http://www.w3.0rg/TR/xhtml1/DTD/xhtml1-transitional.dtd">
<html xmlns="http://www.w3.0rg/1999/xhtml"
xmlins:h="http://xmlns.jcp.org/jsf/html"
xmins:p="http://primefaces.org/ui"
xmlns:f="http://xmlns.jcp.org/jsf/core"
xmins:c="http://xmins.jcp.org/jsp/jstl/core”>
<h:head>
<title>Facelet Title</title>
<meta charset="utf-8" />
<meta http-equiv="X-UA-Compatible" content="IE=edge" />

<meta name="viewport" content="width=device-width, initial-scale=1"
/> <I-- Site title -->

<I-- Bootstrap CSS -->

<link href="stylel/bootstrap.min.css" rel="stylesheet" />
<!I-- Icofont CSS -->

<link href="stylel/icofont.css" rel="stylesheet" />

<I-- Animate CSS -->

<link href="stylel/animate.css" rel="stylesheet" />

<!I-- Main/Custom CSS -->

<link href="stylel/style.css" rel="stylesheet" />

<style>

.ui-selectonemenu label.ui-selectonemenu-label, body .ui-
selectcheckboxmenu .ui-selectcheckboxmenu-multiple-container.ui-
inputfield{

padding-top: O !'important; }
body .ui-selectcheckboxmenu{
height: 40px !important; }

body .ui-selectcheckboxmenu .ui-selectcheckboxmenu-multiple-
container .ui-selectcheckboxmenu-token{

background: #0e7573; }
body .ui-chkbox .ui-chkbox-box.ui-state-active{
border-color:
#0e/573;
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background-color:
#0e7573; }
</style>
</h:head>
<h:body>
<p:growl life="3000" >
<p:autoUpdate />
</p:growl>
<div class="hero-area">
<canvas class="constellation" width="1536" height="410"></canvas>
<div class="container" style="max-width: 1300px limportant;">
<div class="row">
<div class="col-1g-12 col-md-12">

<h2 style="font-size:40px">Spatial Decision-Support System
for Electrical Distribution Grids</h2> <br/>

<div class="row">

<div class="col-5" style="padding : 40px;border:1px solid
white;border-radius: 20px;background-color: #0000000f">

<div class="row">
<div class="col-12">
<h:form>
<div class="form-group">
<label >Cable</label>

<p:selectOneMenu styleClass="form-control"
value="#{lineBean.line}" filter="true">

<f:selectltems value="#{lineBean.lines}" var="1"
itemLabel="#{1}" itemValue="#{I}" />

</p:selectOneMenu>
</div>
<div class="form-group">
<label >Phase</label>

<p:selectCheckboxMenu multiple="true"
value="#{lineBean.phases}" styleClass="form-control" label="Phase"



153

required="true" requiredMessage="Phase is required ">
<f:selectltem itemLabel="A" itemValue="A" />
<f:selectltem itemLabel="B" itemValue="B" />
<f:selectltem itemLabel="C" itemValue="C" />
</p:selectCheckboxMenu>
</div>

<p:commandLink value="Submit"
styleClass="borderd-btn" update="pnl1" action="#{lineBean.findLose()}" />

</h:form>
<br/>
<p:outputPanel id="pnl1">
<div class="row" style="font-weight: bold">
<div class="col-12">
<p class="lead">
<label>
<b>
Selected Line :
</b>
#{lineBean.line}
<c:if test="#{lineBean.line ne null}">
- [<c:if test="#{lineBean.source eq null}">
Feeder : #{lineBean.feeder}
</c:if>
<c:if test="#{lineBean.source ne null}">
Source : #{lineBean.source}
</c:if>
<c:if test="#{lineBean.dest eq null}">
Meter : #{lineBean.meter}
</c:if>
<c:if test="#{lineBean.dest ne null}">
Destination : #{lineBean.dest}
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<[c:if>
]
</c:if>
</label>
<br/>
<label>
<b>
Selected Phase :
</b>
#{lineBean.phases.toString()}
</label>
<br/>
<label>
<h>
Current :
</b>
#{lineBean.curr}
</label>
<br/>
<label>
<h>
Resistance L R :
</b>
#{lineBean.r_I}
</label>
<l-- aaaa -->
<br/>
<label>
<h>
Losses :
</b>
#{lineBean.losess}
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</label>
</p>
</div>
</div>
</p:outputPanel>
</div>
</div>
</div>
<div class="col-2 ">
</div>

<div class="col-5 " style="padding : 40px;border:1px solid
white;border-radius: 20px;background-color: #0000000f">

<div class="row">
<div class="col-12">
<h:form>
<div class="form-group">
<label >Pole</label>

<p:selectOneMenu styleClass="form-control"
value="#{demoBean.pole}" filter="true">

<f:selectltems value="#{demoBean.ploes}"
var="p" itemLabel="#{p}" itemValue="#{p}" />

</p:selectOneMenu>
</div>
<div class="form-group">
<label >Phase</label>

<p:selectCheckboxMenu multiple="true"
value="#{demoBean.phases}" styleClass="form-control" label="Phase"
required="true" requiredMessage="Phase is required ">

<f:selectltem itemLabel="A" itemValue="A" />

<f:selectltem itemLabel="B" itemValue="B" />

<f:selectltem itemLabel="C" itemValue="C" />
</p:selectCheckboxMenu>



156

</div>

<p:commandLink value="Submit"
styleClass="borderd-btn" update="pnl2" action="#{demoBean.findLose()}"
/>

</h:form>
<br/>
<p:outputPanel id="pnl2">
<div class="row" style="font-weight: bold">
<div class="col-12" >
<p class="lead">
<label>
<b>
Selected Pole :
</b>
#{demoBean.pole}
</label>
<br/>
<label>
<h>
Selected Phase :
</b>
#{demoBean.phases.toString()}
</label>
<br/>
<label>
<h>
Current :
</b>
#{demoBean.sumEleCurr}
</label>
<br/>
<label>
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<b>
Resistance L R :
</b>
#{demoBean.sumLR}
</label>
<br/>
<label>
<h>
Losses :
</b>
#{demoBean.loseValue}
</label>
</p>
</div>
</div>
</p:outputPanel>
</div>
</div>
<script src="stylel/popper.min.js"></script>
<!I-- Bootstrap JS -->
<script src="stylel/bootstrap.min.js"></script>
<I-- |sotope JS -->
<script src="stylel/isotope-3.0.4.min.js"></script>
<!-- WoW JS -->
<script src="stylel/wow-1.3.0.min.js"></script>
<l--stars JS -->
<script src="stylel/stars.js"></script>
<!I-- Main/Custom JS -->
<script src="stylel/main.js"></script>
</h:body>
<html/>
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