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ABSTRACT

A GIS-BASED DECISION SUPPORT SYSTEM FOR LOCATING NEW
TRAIN STATIONS IN IRAQ

Hayder Faris Naji NAJI
M.S, Information Technology Department
Supervisor: Assoc. Prof. Dr. Hakan MARAS
August 2017, 124 Pages

Railway networks are one of the most necessary infrastructures all around the
world. Today, to manage these networks, Geographic Information System (GIS)
techniques should be used in order to study and analyze the railway network and its
stations. It is very difficult to deal with railway systems by using traditional methods
and the results may become inaccurate because of the huge amount of data related to
them. In addition, by using GIS techniques in the development of the rail networks,
the decision-making process will be improved and supported. Moreover, the results
will be accurate because they result from using specific criteria to achieve a defined

aim.

In this study, the train stations in all of Iraq’s provinces were studied and analyzed
by using network analysis, which is one of the most powerful techniques within GIS.
A GIS-based system was built by using the free trial copy of ArcGIS® software,
PYTHON™ programming language, and ASP.Net (C#) programming language in
order to develop a full decision-making environment to manage and locate train
stations in the country of Irag. The main methodology for this study is divided into

two parts.



The first part identifies the problems in the current stations through the analysis of
those stations by using network analysis. The second part determines the best
candidate locations for new train stations depending on the number of people around
those locations and the distance between those people and the new candidate
locations according to the existing road network. In addition, the new locations
should be accessible by people who are within a walking time of 20 minutes from the

new locations as an accessibility value.

The results will be presented as spatial maps, which portray the best locations for
new train stations, and tabular data of the areas and the number of people to be

served by the new stations.

Keywords: GIS, Irag, Railways System, Network Analysis, Train Stations.
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IRAK’TA YENI TREN iSTASYONU YERLERININ BELIRLENMESI iCIiN
CBS DESTEKLI BiR KARAR DESTEK SiSTEMi

Hayder Faris Naji NAJI
M.Sc., Department of Computer Information Technology
Yiiksek Lisans, Bilgi Teknolojileri Anabilim Dali
Tez Yoneticisi: Do¢. Dr. H. Hakan MARAS
Agustos 2017, 124 sayfa

Demiryolu aglar1 tiim diinya i¢in ¢ok gerekli altyapilardir. Giinlimiizde, bu aglar
yonetebilmek i¢in demiryolu aginin ve istasyonlarinin analizi ve degerlendirilmesi
amaciyla Cografi Bilgi Sistemleri (CBS) tekniklerinin kullanilmasi gereklidir.
Demiryolu sistemleri ile ilgili ¢alismalarda klasik yontemlerin kullanilmasi oldukga
zordur ve ilgili verinin biiylikk boyutu nedeniyle sonuclarin hatali olabilmesi
miimkiindiir. Buna ilave olarak, demiryollarinin yonetilmesinde CBS tekniklerinin
kullanilmasi ile karar verme islemi gelistirilecek ve desteklenecektir. Ustelik, amaca
ulagsmak i¢in 06zel kriterlerin kullanilabilmesi nedeniyle sonucglar daha dogru

olacaktir.

Bu ¢alismada, Irak’in tiim sehirlerindeki tren istasyonlari, CBS’nin en gii¢li
tekniklerinden biri olan Ag Analizi ile incelenerek analiz edilmistir. Irak’taki tren
istasyonlarmin konumlandirilmas1 ve yonetilebilmesi amaciyla ArcGIS® yazilimi,

PYTHON™ programlama dili ve ASP.Net (C#) programlama dili kullanilarak CBS

vii



tabanl, biitlinlesik bir karar verme ortami olusturulmustur. Bu calismada kullanilan

metot iki boliimden olusmaktadir.

Ik béliimde Ag Analizi kullanilarak tren istasyonlarin analiz edilmesiyle mevcut
istasyonlardaki problemlerin belirlenmektedir. ikinci béliimde ise mevcut yol ag
lizerinden ¢evrede yasayan insanlarin istasyona uzakliklar1 ve sayilarina bagli olarak
yeni tren istasyonlari i¢cin aday konumlar1 belirlemektedir. Ayrica, istasyona
erisebilme kriteri olarak istasyona 20 dakikada yiirime uzakliginin olmasi kabul

edilmistir.

Sonuglar, yeni tren istasyonlar1 i¢in en uygun yeri gosteren konumsal haritalar,
yerlesim yeri alanlart ve yasayan niifusu gosteren tablosal veriler ve olarak
sunulmustur.

Anahtar kelimeler: CBS, Irak, Demiryolu Sistemleri, Ag Analizi, Tren Istasyonlari
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CHAPTER 1

Introduction

This research aims to study and analyze the train stations in Irag, to find the
accessibility time for each station depending on the existing road network, and to
find the best locations for constructing new train stations able to serve people
depending on some criteria. So, it is necessary for the reader to know some simple

background information about the railway network and its stations in Iraq.

1.1  TIraq’s railway network:
Irag is one of the Middle Eastern countries and consists of 18 provinces. The

country of Iraq is one of the Asian countries and has borders with Jordan,
Turkey, Syria, Iran, and Kuwait, as shown in Figure 1.

7 Lake
o~ Urmia

36th Parallel

SALAHADDIN

Rutbah
°

33rd Parallel

ARABIA

KUWAIT | Persian
| Gulf

Iraq’s Provinces in 2005 Mies

© M. R. Izady. 2006

Figure 1 Map of Iraq



The last census shows that Iraq has a population of approximately 32 million, so
all of these people need transportation. In addition, they all need goods and other
services, and transportation is required to deliver goods to the people. Firstly, the

reader should know a brief history of the Iragi railway system and its stations [1].

The first attempt to create a public transport system in Irag was the train
system, called “TRAM”. The “TRAM” system was established in 1869 in
Baghdad province, the capital of Iraq, by the Ottoman governor “Medhat
Basha”. The train was called “Alkary” at that time, and its wagons were wooden
and were pulled by horses, as shown in Figure 2.

Figure 2 Alkary wagon

After that, a new railway line was established between Baghdad and Najaf.
Then, a German company won the contract for building a new railway line
between Baghdad and Mosul during 1902. After that, the first milestone for Irag's
railway company was during the middle of the year 1916, when the company

owning lrag's railways, called the Iragi Railways Company, was established for



the first time. It was controlled and managed by the British military at that time.
Then, the management of the railway company moved to a British civilian
administration in 1920 and then became an Iraqi civil administration on April 16,
1936, which became the national day of Iraqgi railways [2]. Figure 3 shows the

Iragi Railways Company in 1976.

Figure 3 Iraqgi Railways Company in 1976

After, that the Iragi Railways Company continued to develop and construct new
lines and train stations. Next, these new stations will be listed sequentially below.
e Baghdad

e Samarra
e Basra

e Mosul

e Babylon
o Kirkuk



e Erbil

That means that in the end of 1936 there were seven train stations in Irag, as

shown in Figure 4.
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Figure 4 Old railroads in Iraq

The Iragi Railways Company continued with the development and construction of
new train stations until there were 26 train stations in Iraq. However, the harsh
conditions experienced in Iraq, represented by the successive wars of 1988, 1991,
and 2003 and the last battle against outlaws groups from 2014 until now prevented
the development of the railway network and train stations. In addition, some stations
have been destroyed, such Ramadi, Fallujah, Mosul, and Salah Din, during the most

recent battles in those cities [3].

All the existing stations in Iraq are located within the city centers. For example, in
the province of Babylon, the train station is in the city of Hilla, which is the center of
Babylon province, because when these stations were established the population

density was mainly in the city centers, as shown in Figure 5.



Figure 5 Train stations in Iraq

This study has two parts. The first part aims to analyze the current train stations
in Iraq to determine the size of the problem by using network analysis to measure the
access time from population density points to train stations depending on the existing
road network. Then, the second part of this study aims to determine the best locations
for new train stations that can be accessed by people within a walking time of 20

minutes [4].

1.2 Problem Statement
There are many reasons why train stations are a big and real problem in Iraq. First

of all, the last census showed that Iraq has a population of approximately 32 million
people. So, establishing new train stations is very important in Iraq because the
number of people is increasingly continuously every year while the train stations
remain the same and without new upgrades. All of those people need transportation.
In addition, they need goods and other services. So, it is necessary to upgrade the



Iraqi railway network and to predict new train stations that can be used in daily life
instead of the road network [5].

Secondly, in the last four years, the average quantity of petrol consumed in Iraq
was 20 million liters per day. So, the emissions of pollutants resulting from the use of
this petrol are huge and dangerous for people, animals, and even plants. In addition,
this problem will affect people’s budgets because they need to use their cars every
day. To conclude, this problem has a big impact on people and will even affect the
government, because the government should be able to provide this large amount of

petrol [6], [7]. Figure 6 shows one of the crowded streets of Baghdad.

Figure 6 Congestion on the roads in Baghdad province

Thirdly, what about traffic jams on the road network? Upgrading the Iraqi railway
network and locating new stations depending on some criteria will decrease the
congestions on the streets network. For example, the maximum carrying capacity on
the roads in Iraq is 60 tonne, but on the railways, it is possible to carry more than 100

tons on the goods transport network lines [8].

All in all, locomotion by train is safe and good for people and can also save time

and money for those people because locomotion by train depends on scheduled
6



times. Also, using the train is better for the environment because all new trains work
using electric power. So, there are no emissions of pollutants. Finally, using trains

will enable people to save money. Also, it will enhance the country’s economy [9].

For all the above reasons, the railway network is not adequate for today's life and
today's requirements. Studying this network and planning to upgrade it by using
traditional methods is very difficult and too complex because a very large amount of
data are related to this railway network, but it is easy when using GIS techniques and
accurate results will be obtained through the analysis and other techniques to achieve
the predefined aim [10].

1.3 GIS for Railway Network.

GISs are computer-based systems with the ability to capture, store, display,
retrieve, and analyze data. GIS are depending on both spatial and historical data,
to perform any of these functionalities, which mentioned above. In addition, there
are five components of a GIS, namely data, hardware, software, people, and the
method. The most critical part is the data, because the data are the key to starting
working with a GIS. Railway projects are infrastructure projects and all of the
infrastructure projects have a spatial representation on the real earth’s surface.
So, studying, analyzing, and upgrading the railway network by using GIS
functionalities is the best method of obtaining accurate and efficient results. In
railway projects, geographic analysis is the key to making better decisions. For
example, in this study, the best locations for new train stations were determined
accurately because these locations result from analysis depending on predefined
criteria [11].

The network analysis technique, which is a type of GIS technique, is the most
appropriate method for dealing with railway projects because railroads are
designed as a network. In addition, the road network should be considered when
we want to decide on a new location for a train station because the accessibility
value of that location depends on the existing road network. The network analysis
technique relies on some algorithms to analyze the railway network, such as

DIUKSTRA and VORONOI, to find the shortest path between stations [12].
7



Figure 7 shows the railway network analysis by using the network analysis
technique in GIS.
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Figure 7 Railway network analysis

1.4 Aim and Scope

The main aim of this dissertation is to use the GIS functionalities to study and
develop train stations in Irag. To achieve that aim, the work was divided into two
stages: analysis of the current train stations and prediction of the best locations
for new train stations. The first part aims to analyze the current train stations
according to multiple criteria by using network analysis in order to find the
serviced areas around those stations and also to know the numbers of people who
can reach those stations within a walking time of 20 minutes. The analysis of
current train stations depends on the road network, because people use roads to
reach train stations.

The second part aims to determine the best candidate locations for new train
stations, and these locations result from the application of some criteria. In
addition, the new locations should serve people within 2 km or a walking time of

20 minutes. Therefore, the new locations can achieve the aim of this study.
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This study aims to build an integrated environment so the user can deal with
and upgrade the railway system by the easiest method. The new system is a
hybrid system because combines the ArcGIS® application, PYTHON™
programming language, and ASP.NET (C#) programming language.

The ArcGIS® application was used to manage and prepare spatial data for the
Iraqi railway network and to analyze all current train stations in Irag. This
analysis using the existing road network aims to show all stations that people can
access from their residences within a walking time of 20 minutes.

In addition to the ArcGIS® application, a new tool was built on top of
ArcGIS® by using Python™ language. The purpose of this tool is to find the
candidate locations for new train stations depending on the distance between the
density points of the population and the new chosen sites and also taking into
consideration the number of people in the surroundings of the chosen location.

Furthermore, the new toolset contains three new tools that have been developed
on top of ArcGIS® by using Asp.Net(C#) programming language in order to
manage and view the results and navigate between the resulting layers.
Nevertheless, the user can preview the results and see both the serviced areas and
the number of people served by current stations and candidate stations; also, the

user can discuss and print any of the results.

1.5 Research Questions

An attempt was made to answer these questions, which represent the aim of this
thesis:
* Do Iraq’s railroads play a good role in transport and can they meet the
requirements of the Iragi people?
= Can the current train stations in Iraq cover all areas with high
populations?
= What are the results if the train station distribution depends on network
analysis and some criteria are applied in order to serve more people

within the service area of each station?



1.6 Motivation
| live in the province of Babylon in Irag and work at the University of

Babylon, which is approximately 18 km from my home. When | want to reach
my workplace, there are no other choices aside from using my private car every
day. This is the main issue that motivated me to carry out this study.
Furthermore, the GIS course was one of the study courses | took, and after
studying this course, I wanted to search for solutions to the transportation
problem in Iraq. In addition, when I came to Ankara to study for my Master’s

degree, | saw the big role played by trains in the transportation system.

1.7 Software Used in this Research

Mainly the ArcGIS® package was used in order to manage spatial layers and
prepare the data for use. In addition, ArcGIS® was used to analyze the train
stations. Furthermore, PYTHON™ programming language was used to build a
new tool on the top of ArcMap to determine the best candidate locations for new
train stations. Also, extra tools were built on top of ArcMap to manage the results
and represent maps by using Asp.Net (C# 2010) programming language, as

shown in Figure 8.
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1.8 Data Acquisition

Data for this research were collected from two different resources:

» Iragi Railways Company

= Resources bought from the Internet
All data are layers that contain both spatial data and normal data. These layers are
represented as maps. These layers are:

e The railroad layer, which contains 88 records of Iraq’s railway lines, as

shown in Figure 9.
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e Figure 10 shows the layer of current train stations in lIrag, which contains

26 records of train stations in the Iragi provinces.
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Figure 11 Road network layer

e The population density layer which it is a point layer containing information
about the population density of each city in all Iragi provinces, as shown in

Figure 12.
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These are the main raw data used in this research. In addition, these raw layers
were used to generate new layers by using GIS techniques, which will be mentioned

in the coming chapters.

1.9 Research Method

Firstly, a lot of time was spent collecting all the data, which are related with the
Irag railways network, because without data it is not possible to work with GIS.
Therefore, all data were collected in order to start working. These data included both
spatial data and tabular data related to the spatial data and were collected from
different sources. Then, all of these data were studied in order to understand them

and how to use them in the research.

Secondly, the ArcGIS® 10.2 software package (ArcCatalog 10.2, ArcMap 10.2)
was used in order to organize and prepare data layers. Next, the current train stations
were analyzed depending on some criteria by using the network analysis technique in

ArcMap software.

Thirdly, a new tool was built in the ArcMap environment by using PYTHON™
programming language. This new tool is able to determine the best candidate

locations for new train stations depending on some criteria.

Fourthly, by using ASP.Net (C#) programming language, a new toolset
containing three tools was built. This new tool was built on top of ArcMap. Each of

these tools was built for a specific purpose, as follows:

= Showing information about tools;

= Obtaining the X and Y coordinates anywhere on the screen by using the
mouse and opening a new form in order to add a new candidate location;

= Navigating between results and presenting any of these results as a map as
well as enabling the user to see records for any result. In addition, by using

this tool we can print any of these cartographic results.

Figure 13 shows a diagram of the methodology followed in this research.
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CHAPTER 2

Background and Literature Review

This research focuses on GIS and the Iragi railway network in order to determine
the best locations for train stations in Irag, as mentioned in the first chapter. So, it is
necessary to present the main concepts of GIS techniques and the railway network.
Therefore, studies in the literature will be reviewed in this chapter and the problems

addressed in this research will be mentioned in this chapter.

2.1 Geographic Information Systems

What is a GIS? A GIS is a computer-based system consisting of a collection of

integrated tools that represent the GIS functionalities, which are as follows:

e Capturing data. There are two types of geographical data: spatial and
tabular. For example, a hospital can be represented by using a polygon but its
name and other features are stored as tabular data. There are some different
resources for data, as follows:

= Xand Y coordinates, using specific devices, for example, GARMIN;

= Digital data [global positioning system (GPS) and remote sensing
(RS)I;

» Digitized maps.

e Storage. GIS data are stored in two main formats:

= Raster. This type is based on images that are represented as cells on
the computer screen to reflect a specific location on the earth’s surface
with its features.

= Vector. This type is based on coordinates that reflect the earth’s
surface. In this type, the earth’s features are represented by a series of

points that represent the (X, Y) coordinates.
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Spatial analysis. GIS is used to answer questions depending on analysis of
the relationships between shapes on the maps. Three kinds of analyses are
used to solve spatial problems:
= Network analysis, carried out between groups of objects such as
roads, railways, sewers, and so on;
» Proximate analysis, carried out between objects such as distances,
buffers, and so on;
= Overlay analysis, carried out between map layers, such as clip,
intersect, merge, and so on.
Retrieval. Queries can be used to determine specific features. They can be
complicated or simple depending on the capability of the GIS software,
available data, and query type.
Displaying data. There are some different kinds of data that are displayed by
GIS but basically all of these kinds are displayed as maps' format or graph
tables.
Production of output. This includes both soft and hard copy such as tables,
images, digital maps, paper maps, documents, and files that can be used in
other applications, such as internet services, databases, and so on [13].
GIS comprises a map and the dataset behind that map. By using GIS, we can
solve and analyze many problems that have spatial references. For example,
if we are looking to create a new bank, looking for the best soil for growing
apples, or looking for the shortest way to the shopping center, all of these
problems have a geographic component, so we can use the GIS to find the
best solution to each question. In addition, GIS can be used to support
scientific queries on the maps in order to understand the relations between
shapes on the maps that reflect the real earth’s surface by relying on the data
behind those shapes [14].

The GIS solves the spatial problems depending on the available data related to

these problems. Thus, the available data determine the types of problems that can be
solved with GIS. Mainly, GIS helps to answer many questions pertaining to locations
(what is at ...? where is the capital city of ...?), measurements (distances, areas),

conditions (which cities that have populations of more than 100,000 people?), the
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typical distribution of infrastructures (what is the relationship between the
distribution of schools and the population in a specific area?), changes (what changes
have happened in the city of ... since 19807?), scenarios (what happens if the number
of residents in the city is above 10000007?), and finding the shortest path (what is the

most suitable route between the city center and ...?), as shown in Figure 14.
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Figure 14 Samples of GIS uses

GIS depends on both spatial and tabular data to solve problems that have spatial
references on the earth’s surface. The GIS is a virtual representation that reflects the
real earth’s surface on a computer screen. GIS is also used as a decision support

system to monitor ongoing projects on the earth’s surface [15].
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2.1.1

Basic Components of GIS

There are five main components of a GIS, as follows:

People. A GIS, like any information system, needs people to deal with it and
to use its functionalities (techniques). People are the most critical part of the
GIS components because people are the ones who benefit from GIS
techniques. There are three kinds of people who deal with GISs:

1. Viewer users, who use GIS just for viewing maps and browsing the
datasets related to these maps, for example, browsing Google maps;

2. General users, who use GIS to set up new businesses or to improve
decision making, such as managers and engineers;

3. Specialist users, who are able to solve spatial problems and who
should have the ability to administer databases and GISs. These users
are able deal with all GIS tools or to develop new GIS tools in order
to make a good environment that is able to cover all the parts of the
problem that we want to handle, such as programmers, urban planning
engineers, and computer engineers.

Method. This is the procedure used to produce the final solution. The method
consists of some steps to capture, store, and analyze data and display the
results. The steps of the procedure should be well defined before starting in
order to find a good solution to achieve the desired aim. The selection of the
procedure depends on the available data, problem type, and available
hardware and software.

Data. Data are the most important component of GIS, because without data
there is no GIS. Both spatial and tabular data are important because we need
coordinates and attribute data that belong to these coordinates. For example,
with regard to a street, we need its name and width in addition to its
coordinate points. Data type and data accuracy determine the types of
problems that the GIS can deal with. There are different resources for GIS

data. As mentioned before, there are two main data types in a GIS:
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1. Spatial data, comprising all data with spatial references. These data
reflect the real earth’s surface with its infrastructure on the computer
screen. The spatial data are categorized into two sub-types, namely:

> Raster data. This type is based on raster images and
represents the earth’s surface features using a grid of cells. The
cell size determines the resolution of the data. The raster
images are obtained from photographs, scanned maps, satellite
images, and so on and are often useful to represent

continuously changing attributes like terrains, as shown in

Figure 15.
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Figure 15 Representation of earth's surface features to
raster image

> Vector data. Data of this type are presented and organized as
layers, which reflect the earth's surface features with their
explicit locations and coordinates. Features are represented by
a series of coordinate points. The vector type is useful for
reflecting clearly defined and static features like roads, rivers,

railways, and so on. Also, with this type of data, all the spatial
20



relationships between objects (features) can be defined, as

shown in Figure 16 [16].

=

Figure 16 Representation of earth's surface features to vector layer

There are three types of Vectors layers, as follows:

e Points. For example, trees can be represented by
points.

e Polyline. For example, railways can be represented by
polylines.

e Polygon. For example, schools can be represented by

polygons, as shown in Figure 17 [17].
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Figure 17 Layer types

In this thesis, all data that will be used is a VVector data.

2. Tabular data. Non-spatial data means all data that do not have any
spatial references but it represent the attributes of those spatial
objects. Non-spatial data are also called tabular data. Tabular data are
very important for solving problems and retrieving data. To solve any
problem with GIS, both spatial and historical data related to these
spatial data are required, for example, if one needs to find cities with
populations of more than 100000. There are different resources for
tabular data such as Excel, SQL, MySQL, Microsoft Access, and so
on. Moreover, it is easy to link these data with the spatial data. Figure
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18 shows a sample of tabular data, the attributes table for the train

station layer.

Table O x
ERAE LT 5
Current_Stations x
FID Shape * FID_1 Id x ¥ FID_2 | OBJECTID | adminZName | adminiName cX cY -
3 0 | Point 0 0 3327207 | 14022048942 2 3 | Mosul_center Ninewa 42 967643 | 36.063696
1 | Point 15 0 | 349.578588 | 13981.547946 2 3 | Mosul Ninewa 42 9657643 | 36.068696
2 | Point 14 0 239.42347 | 14075.803773 3 4 | Telafar Ninewa 42408168 | 36.582237
3 | Point 1 0| 411.873587 | 14003.530483 7 & | Erbil Erbil 44008512 36.10751
4 | Point 13 0 | 356.559455 13866.6601 13 14 | Baiji Salah al-Din 43.018182 | 34.540284
5 | Point 16 0 | 255975759 | 13777.309326 14 15 | Haditha Anbar 42.350298 3432333
& | Point 8 0| 536.225693 | 13801.630961 15 16 | Khanagin_1 Divala 45.292011 | 34.358988
7 | Point 9 0 | 459.545347 | 13773.74525% 15 156 | Khanagin_2 Diyala 45292011 | 34.358988
8 | Point 10 0| 468447511 | 13733.377378 18 15 | Mugdadiva Diyala 44761838 | 33.833824 | |E
9 | Point 4 0 | 475.505455 | 13851.115955 20 21 | Tooz Salah al-Din 44 577152 | 34.801541
10 | Point 17 o 35.932842 | 13737.107933 25 26 | Rutba Anbar 41.306599 | 32.525691
11 | Point T 0| 342697037 | 13699.102452 2T 28 | Ramadi Anbar 43.155478 | 33.355512
12 | Point [:] 0| 387.018571 | 13591.020647 28 2% | Falluja Anbar 43 801312 | 33181227
13 | Point 19 0| 405642515 | 13613.121858 30 31 | Kerbala Kerbala 43.886826 | 32.513872
14 | Point 12 0| 377.707995 | 13829.214133 32 33 | Tikrit Salah al-Din 43515443 | 34564407
15 | Point 20 0| 449118522 | 13596.2393561 36 37 | Mahawil Babylon 44 850927 | 32.650578
16 | Point 21 0 | 489.561648 | 13538.933266 43 44 | Diwaniya Qadissiva 44 926411 | 32.0659744 | |
17 | Point 22 0| 529951002 | 13453 870752 59 50 | Samawa Muthanna 45 255035 3123738
18 | Point 23 0| 808.718841 | 13424 248783 61 B2 | Massriya Thi-Car 45 227656 | 31.082257
19 | Point 24 0| 767.330512 13382.69659 (5] 57 | Basrah Basrah 47511418 | 30.58335
20 | Point 18 0| 435804822 | 13825.332817 73 74 | Musayab Babylon 442759145 | 327206818
21 | Point 2 0| 444727004 | 135251751598 a7 88 | Kirkuk Kirkuk 44300045 | 3543585 |
4 1 +
T 1 M E {0 out of 26 Selected)

Current_Stations

Figure 18 Attributes table for current train
stations

It can be concluded that
non-spatial data can be incorporated with its spatial references easily even if it were
not ready, or they were in the form of paper documents. Non-spatial data can be
entered manually by adding the required fields in the attributes table for any spatial
data and then entering the data. Also, these data can be added by linking to spatial
features. Spatial data, however, cannot be entered manually but must be entered by
using dedicated hardware such as GARMIN.

Consequently, spatial data remain the most important part of the GIS.

e Hardware. As mentioned before, a GIS is a computerized system, which
means there should be computer units to operate and deal with it. The type of
available hardware determines the GIS software that will be used. Different
hardware components are used for GIS, such as computer units (i.e. RAM,
CPU, etc.), retrieval units (i.e. GPS, remote sensors, camera, etc.), and data
portrayal units (i.e. monitors, printers, plotters, etc.).

e Software. GIS software is a full package that should able to perform all of

the GIS functionalities such as drawing, displaying, and analyzing data,
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dealing with datasets, storing data, and so on. The GIS software and its
options determine the types of output results. The most popular GIS software
is ArcGIS®, because this software has a large number of tools. Also, there is
specific GIS software that was built for specific purposes such as the EGO
system, which manages movement and routes of buses in Turkey [17]. Figure
19 shows the main components of the GIS.
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Figure 19 GIS components

2.2 Railway network in GIS
A railway network is a linear network because it is represented by lines

(railroads), which are called segments in GIS. The meeting point of two line
segments is called a vertex. Each line has two ends, called nodes, and these
points reflect train stations in reality. In the field of GIS, the term “polyline”
iIs used to refer to a group of line segments. The railway network is
considered as a one-dimensional network because it consists of a set of

interconnected lines and every line consists of a set of vertex sequences [18].
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2.3 Criteria Used in this Study to Determine the Best Locations for New Train
Stations in Iraq
Some criteria that were applied in this thesis in order to analyze the current train

stations in Iraq were used depending on literature studies as in points 1, 2, and 3. In
addition, there are some other criteria that were assumed by us in order to achieve the
predefined aim of this research such as in points 4, 5, 6 and 7. Also, there is another
criteria used in order to present the results of the analysis more clearly such as point

8. The criteria used in this research are as follows:

1. The analysis of train stations is dependent on the time as an analysis cost.

2. Twenty minutes is taken as the walking time

3. Addistance of 2 km is taken as the area serviced around each train station. So,
people can reach and take advantage of train services within those serviced
areas.

4. Travel from demand points to facilities was used as a type of analysis in
order to measure the accessibility value of train stations (facilities) in terms
of the time it takes people (demand) to reach them.

5. Maximize coverage is the problem type to be solved by the network
analysis. This problem type was used in order to find out the maximum
border of the serviced areas around each station within which people can
reach the stations inside those areas.

6. Linear transformations are used as an impedance transformation type for
the network analysis because the network analysis is based on existing roads
to analyze and measure the accessibility value.

7. The population density field is set as a weight for the network analysis so
the network analysis will analyze the train stations depending on the their
accessibility values. In addition, this analysis will assign a weight to each
population point that falls within the area served by those stations and this
weight will be allocated depending on the population density.
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8. Straight lines are used as an output shape type. This type was used in order
to see the results more clearly on the map. The network analysis does not
depend on those lines but depends on the existing roads and this option is

used merely to display the results more clearly.

2.4 Network Analysis
The network analysis technique in GIS makes it possible to analyze spatial

networks such as roads, railways, and so on according to some predefined
criteria that meet the required aim. Network analysis depends on the road
network to calculate the accessibility value for any object based on the
existing roads. There are nine types of network analysis, as follows:

= new closest facility

" new service area

" new routes

= new origin—destination matrix

= new vehicle routing

= new-location allocation

Network analysis depends on two algorithms, DIJKSTRA and VORONOI, to
solve the problem, calculate the service areas, find the shortest paths, and so on.

In this study, we will use new-location allocation because the aim of this study is to

determine the best locations for new train stations [19].

2.5 Problems
The problems covered in this thesis are related to Iragi railway lines and train

stations, as follows:

1. The problem of Calculation the population density rate on all urban roads
around Irag. A specific formula was used to calculate the approximate
population density for every road because, as mentioned before, there are no
accurate data on the populations of Iraqi cities. The formula used will be
mentioned in the next chapter.

26



Population per road is important because the network analysis depends on the
existing road network to solve problems. Figure 20 shows one of the highways in

Irag and the empty area around it.

Figure 20 Population density problems

2. Measuring the accessibility value for current train stations. The network
analysis technique in GIS was used for this purpose. The network analysis

was performed by applying some criteria that will be mentioned in the next

chapter (Figure 21).
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Figure 21 Sample of the results of analysis, current train stations

As can be seen, there are many locations that are more than 20 minutes away from
those stations.

3. Determination of the best locations for new train stations. To achieve this
goal, a new tool was built on top of ArcGIS® software by using the
PYTHON™ programming language. This tool determines candidate locations
based on the distance between demand points (population points, which
represent the central points of the roads, with each point taking the same
attributes of the represented road. Put differently, the population points result
from converting the roads to points, which are the centroids of the roads) and
the new location. Furthermore, the new locations can be selected depending
on the population density values around the new candidate locations, as

shown in Figure 22.
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Figure 22 The new Python tool

4. Browsing and extraction of the results. For this purpose, a new toolset was
developed using Asp.Net (C#). This toolset was built on top of ArcMap 10.2.
In addition, by using this tool, the user can add new train stations as
appropriate. Figure 23 shows the new toolset, which was developed on top of
ArcMap 10.2.
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Literature Review

Sjimmie (2012) aimed to measure the flow of passengers to some new train
stations in the Netherlands. For this aim, the author applied two methods to
measure the accessibility value of six new train stations. The first method
aimed to forecast the approximate number of passengers who would use those
stations. Therefore, by using this forecasting method, it is possible to get
wrong or inaccurate outcomes, because this method is accompanied by two
words: misrepresentation and bias toward the best, for example, if there is
doubt about the number of users of any specific station. Everyone wants to
present his or her project as being as perfect as possible. The second method
was the use of the service area technique, which is one of the GIS techniques,
in order to determine the areas serviced around each station. It seems that the
Sjimmie has applied these two methods in order to compare them. In

addition, this is considered a good way to see which method is the best [20].

Thus, in this study, two methods were used to analyze the current train
stations and to measure their accessibility values, because it is better to apply

more than one method in parallel in order to make the best decision. The
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outcomes of both of the methods used were new locations and new service

areas.

Dongwei and Qinghuai (2009) aimed to determine new locations for new
railway lines. They used GIS with the ANT algorithm in order to achieve the
study's aim. In order to locate new railway lines, some factors taken into
consideration were the construction cost, earth surface type, surface topology,
length of railway line, and environmental influence. The authors used these
factors as limitations for the ANT algorithm. The factors were measured by
using buffer analysis, overlay analysis, and hierarchical analysis, and all of
these analyses were performed by using GIS. The ANT algorithm was used to
find the best path that has good factors. In addition, the Dongwei and
Qinghuai did not take into consideration the numbers of people who will use
these new train lines. However, we are thinking in another way because the
aim of this research is to find new train stations that are able to serve as many
people as possible. Also, the earth’s surface in Iraq is the flat type, so there is

no need to take into account the surface topology for the railway lines. [21].

Another study was conducted in Guangxi region, China, by Rong, Yingjie,
Hongsheng and Zhuoyuan (2010). This study concerns the relationship
between population density and accessibility value of the train stations. The
authors applied the cost weighted distance algorithm to measure the
accessibility value. This algorithm is based on time in order to measure the
accessibility value of train stations. The author used a raster map for this
purpose. The results of this research show that the relationship between
population density and accessibility is positive. The same idea was used in
the current research but was applied in a different way by analyzing the
accessibility value of the current train stations in Iraq through the use of the

network analysis technique in GIS [22].

In [23], Qingming, Xingang, and Yinghui (2012) aimed to measure the

walking accessibility value of the metro stations in order to determine the
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best locations for new metro stations in China. For this purpose, they used
two methods: buffer analysis and cost—distance analysis. These two methods
are ones of GIS techniques. The authors applied the cost—distance analysis in
order to measure the walking accessibility value, and the speed parameter
used in this analysis to calculate the time field was 60 m/min. For the time
cutoff parameter, the authors used five levels, as follows: 0-5, 5-10, 10-15,
15-20, and 0—20 minutes. We used the same idea to calculate the time field in

the network dataset and to determine the average walking time of people.

Another study was conducted by Liu (2016) in the Beijing area. The aim of
this study was to analyze the train stations and railway lines in order to find
out the influence of the railway network in urban areas. In addition, the
author wanted to show the affected areas around each train station. The
author used spatial analysis to achieve the aim of the study. Spatial analysis
was used in order to show how the railway networks contribute to the
development of cities and to show how the area around each station (metro or
train) was influenced. The spatial analysis was done by using the distance
parameter, which represented the radius of the influenced area around each
station. The author used 0-15 km as the distance parameter to analyze the
influenced areas around metro stations and 15-30 km for train stations.
However, in the current research, another method was used to analyze train
stations in Irag, namely network analysis, in order to show the areas around
each train station that have good accessibility values. Also, time was used as

a cost factor in the network analysis, instead of distance factor [24].

Furthermore, another study was carried out in India using a new method to
determine the numbers of people who could use these stations. This method
entailed putting electronic sensors near the candidate locations for the new
train stations. These electronic sensors were linked with a control center by
wireless devices and when using this method continuously, maintenance and
monitoring are required, so this will lead to spend more money and time.

Sensing technology is a type of fast processing that can be used to collect
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reliable data, but it is more expensive and takes more time. In the opinion of
the author of this thesis, this method is reliable and good and the data will be
more accurate because, as is well known, there are no accurate data of
population density with 100% percentage. However, it costs more money and

consumes more time [25].

Quinn (2012) aimed to show the relationship between population density
and the road network in Canada. The author used Saint Lucia city as a case
study for this research. In Quinn's study, Quinn used GIS to calculate the total
length, denoted as L, to represent the road network in Saint Lucia city. Then
the author also calculated the population density, denoted by De, by using
GIS in order to obtain the population density on the roads, Dr, given by
Dr/L. The results showed that the relation between population density and the
length of the road network in Saint Lucia city is Dp = ~ 10-30 Dr? This
method is a general method of calculating the proportion of the population in
a determined area. For example, when we want to find the population density
in Iraq for each square meter, we can use the formula of total population
divided by total area, expressed in square meters, in order to find the number
of people in each square meter. In this thesis, the main idea of how to
calculate the population density on the road network was taken from Quinn’s
study. Then this formula was developed to make it more accurate and to
calculate the data more accurately because it is well known that there is a
negative relationship between highways and population density, as mentioned
before [26].

Research was also conducted by Diaz Roderick, Allen Booz, and Hamilton
Inc. (1999) in North America. The goal of this study was to find the impact of
the train stations on the surrounding areas. The authors used the property
value and accessibility time as analysis factors. The relationship between
property value and accessibility value is negative. That means that when the
accessibility value decreased, the property value increased. The distance used

by the authors for examining the impacted areas was 500 m around the train
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stations. The authors used the GIS technique in order to achieve the aim of
the study. The same idea was used here in order to measure the serviced area
around train stations in Iraq but by applying different factors. In addition to
the network analysis, we used the service area analysis in order to obtain

more accurate results [27].

Ahsan (2001) aimed to determine the domain area for the train stations.
This research examined Dhaka city in Bangladesh. The station domain
defined in Ahsan’s study is the areas around the stations that mostly attract
passengers to use the train’s services within those areas. The author used two
methods to achieve the aim of this study. The first method used the
VORONOI algorithm to determine the domain for each train station by taking
500 meter as the affected area around each station. The second method
assumed that the domain area is the shared area between train stations that lie
on the same railway line. Then the author used a specific formula to calculate
the population density in the areas that were planned as a domain. This
formula is as follows:

Total population in the domain area = total area of the planned station *
planned population density in the planned areas.

The idea of using the VORONOI algorithm and the possibility of applying it
to determine the shortest path between candidate train stations was taken as a
one of the future works for this thesis [28].

Another research was conducted by AASHTO GIS for the
Transportation Symposium (2010) in the USA in Los Angeles city. The aim
of this study was to analyze and measure the accessibility values of the train
stations. The authors used network analysis, which is one of the GIS
techniques, in order to fulfill the aim of this study. In this research, the
authors used two different factors to analyze the accessibility values of train
stations. These factors were a walking time of 20 minutes and a walking
distance of 1.0 miles. The authors used these factors because, as they

mentioned in the same research, "the average walking time is 20 minutes for
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the normal person”. Furthermore, they used other input factors of 10 minutes
and 0.5 miles in order to present another analysis level and to show the
difference between the results. The same method was used in this research to
measure the accessibility values of the train stations in Iraq and to find the
number of people who could reach those stations within a walking time of 20
minutes [29].

Thevenin, Mimeur, Schwartz, and Sapet (2016) performed a study in
France to determine the difference between the train stations’ accessibility
and changes in population density. The authors used historical data in order to
calculate the data for this study. The first step was linking the historical data
with their geospatial locations in order to use GIS techniques to achieve the
goal of this study. Then, the processing of the analysis involved the following
steps:

e Both historical and spatial population data were displayed for a
specific period, such as six years.
e The data were divided into two parts: normal data and dubious data.
e Train station data were used in order to draw a comparison between
populations before and after the construction of stations.
e The variance rate between normal and dubious means the change in
the rate of population density.
In the author’s opinion, this is a good method if we want to depend on
historical data. However, this method costs more time as well as more money
[30].

Extracting a geo-schematic model from the same spatial data is a method
that was applied by Samanah Seyedi (2014) in Sweden in order to analyze the
railway network. In this research, the author generated a schematic model
from a geographical dataset of Swedish railroads. The main factor used as the
analysis parameter was the kilometer, which means the impacted area around

a train station. The author used Avesta Krylbo, the central train station, as a
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case study. In addition, according to this research, the locations for new train
stations can be determined by the same schematic model. The main idea of
using a geo-schematic model is to analyze complex networks such as
railways and make them easier to study. This research was done by using a

schematic map extension with the ArcGIS® program [31].

Another research was conducted in the Netherlands, specifically in
Amsterdam, by Debrezion, Pels, and Rietveld (2007). This study aimed to
determine the impacted areas around train stations in order to measure the
accessibility value. To fulfill the aim of this study, the authors analyzed train
stations by using meta-analysis. This analysis mainly depended on two parts:
walking time and distance. The author used 20 min as time required to walk
to the train stations. In addition, they used the distance factor in order to
examine the distances from population density points to the train stations. For
that purpose, the authors applied a multi-level method to analyze up to 2 km
surrounding each train station using multi-distance values. Multi-distance
values of 1/4, 1/2, 3/4, 1.0, 1.25, 1.50, 1.75, and 2 were used in order to
examine the accessibility value per level. On the other hand, the author used a
second factor to measure the accessibility value of each train station, which is
the property value in the area surrounding the train station. The results of the
second method show that for every 250 m from the train station, the property
value decreased by 2.3%. Therefore, we used this research in order to learn

the limitation of the walking time and the multi-level analysis method [32].

Guler, Akad, and Ergun (2004) aimed to show the benefits of using GIS in
order to manage and develop transportation in Turkey and especially the
railway network. Also, they wanted to show how it is possible to transform
the work from the traditional methods to GIS methods in order to develop the
railway network. In addition, with GIS, the goals can be easily defined and
the achievement of these goals depends on the available data (spatial and
tabular data). Also, by using GIS, the results will be accurate because they are

obtained by applying specific criteria in order to meet the defined aims. In the
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study mentioned above, the authors analyzed the train stations by using GIS
techniques. According to this research, GIS is the key for dealing with
railways because of the huge amount of data related to it. Furthermore, a GIS
can be used to determine the appropriate locations for new buildings such as
train stations by analyzing the relationship between the new locations and
their surroundings [11].

On the other hand, De Luca, Dell’ Acqua, and Lamberti (2012) used another
analysis method that is a multi-criteria method but is based on spatial
analysis. The aim of this study is to determine the best locations for the new
high-speed railway lines in Italy. Two analysis levels were used in this study:
cost-benefit and spatial analysis. The best locations were determined in
dependence on the results of the analysis such as construction cost,
environmental conditions, earth surface type, and social characteristics. The
aim of that research was the opposite of the aim of the present paper, because
whenever the population density was less, this means this location is the
better, because the goal of the study was to determine the best locations for
high-speed railway lines and not train stations. The research was

accomplished by using GIS [33].

Wei (1996) aimed to determine the best locations for new railroads in
China. In this research, the author used spatial analysis in GIS in order to
accomplish the study. The spatial analysis in the research was based on
satellite images collected by remote sensing devices because satellite images
can provide rich information about the earth’s surface. Then, the author used
a CAD program in order to draw the new lines in the appropriate areas.
However, the new lines were drawn based on a specific formula to measure
the degree of elevation. After that, the authors used the VORONOI algorithm
to determine the shortest paths in the determined areas. The same idea of the
VORONOI algorithm can be used to determine the shortest paths between

train stations as a one of the future works of the current thesis [34].
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CHAPTER 3

Thesis Methodology

In this chapter, all steps of the methodology followed in this thesis will be presented.
Furthermore, the problems presented in the previous chapter will be addressed in this

chapter.
The methodology of this thesis consists of three main sections, as follows:

e ArcGIS® 10.2
e PYTHON™ 273 (GUI)
¢ Microsoft Visual Studio (C#) 2010 express

3.1 ArcGIS® 10.2
The free trial copy of ArcGIS® software was used. The ArcGIS® package consists

of five main programs. In this thesis, ArcMap® and ArcCatalog® were used from

among these programs.

3.1.1 ArcMap Tools
In order to open the ArcMap program and use its functionalities, the following steps

should be followed:

Start - all programs - ArcGIS® - ArcMap 10.2.
3.1.1.1 Data Management Tools

As mentioned in the first chapter, the data were collected from the Internet and the
Iragi Railways Company. The data management tools can be used to prepare the data
layers before they are used by other ArcMap® tools. Data layers are prepared as
needed in order to meet definite aims, such as providing buffers, calculation of

geometry, intersection, union of two layers, and so on.
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The first case is the railway layer. In this layer, there is no information about the
provinces and cities where those railways are located. In addition, in this study, that
information is needed for each railway line in Iraq in order to analyze the train

stations in all cities, as shown in Figure 24.
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Figure 24 Railway layer and its attributes table

On the other hand, the province layer contains all the information about provinces
and their cities. Therefore, the “join” tool was used, which is one of the data
management tools. By using this tool, it is possible to join two layers depending on
the unique fields or spatial data. In this case, the two layers will be joined based on
spatial locations, because it is necessary to link the railways to the cities where those

railway lines are located, as shown in Figure 25.
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Then, the option "each line will be given all the attributes of the polygon™ should be
selected, which means the layers will be joined according to the similar spatial
locations between these layers. Next, the name and path for the output layer should

be determined, as shown in Figure 26.
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Figure 26 Parameter setting for the “join” tool

Also, the road network layer does not contain information about cities. So, it is
necessary to join the road layer with the city layer based on spatial location. The
joining process was done by using the same steps as previously and just changing the
layers. The aim of this step is to extract roads inside each city (each polygon) in
order to calculate the population density on the roads, which will be calculated
depending on a specific new formula that will be mentioned in the next sections of
this chapter. Thus, we need we need to know the population density points on each
road because those points represent the demand points in the network analysis, as

will be used later (Figure 27).
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Figure 27 The resulting new road layer and its attributes table

Next, we need to join the population layer with the road layer that finally resulted
from the previous step, because we need to reflect the population density information
of each city on the roads that lie within that city. In order to extract the population
density on those roads. The population density on roads will be obtained by applying
a specific formula, as mentioned in Section 3.1.1.4 of this chapter. This formula is
based on the relationship between the populations of cities and the properties of the
roads inside those cities. The population density layer used here contains general
information about the population density of Iraqi cities but does not contain detailed
information such as the approximate density number of people who are living around
each street. However, in this step, the joining process will be based on attributes
tables and specifically the column showing the city names in these layers, because
this field is similar in both of these layers. Firstly, the joining type should be
determined. Then, as the basis of the joining process, the joining column for each
layer should be selected, which is the column listing the city names for each layer
because the columns of city names are similar for both layers., as shown in Figure
28.

42



- .
Join Data . - ]

il S -

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

What do you want to join to this layer?

[Jnin attributes from a table v]

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

adminz2Aal_1 -

»

2. Choose the table to join to this layer, or load the table from disk: :
|"‘-“ populaticn_Points o |

Show the atiribute tables of layers in this list l

]

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

Jaoin Optons
@ Keep all records

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 removed from the resulting target table.

[ validate Join |

About joining data [

Figure 28 Setting the parameters for joining

The result is a polyline layer that represents the road network. This layer contains
all information about roads but the population number in this layer represents the
population density of cities within which those roads lie. The aim of this step is to
prepare the population field in the road layer in order to calculate the approximate
population density per road. The population density on the roads will be calculated
according to the population density of cities and the length, number of lanes, and

traffic speed of each road in those cities (Figure 29).
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Table

ERAL-RIL 10

street_population_lines
WEATHER_TY Speed Lenght Minutes | admin2Pcod | adminiPcod | adminONal admin2Name | adminiNa_1 | POP
Fair /Dry Weather 40 3831.784337 | 5.7V4T6TY | I0-G15-D0E3 10-G15 Iraq Akre Ninewa 19628
All Weather 100 | 11094.083747 | 6656456 | I0-G15-D083 | I10-G15 Irag Akre Ninewa 19628
Fair /Dry Weather 4l 889.669846 | 1.334505 | I0-G15-D083  |I0-G15 Irag Akre Ninewa 19628
Fair /Dry Weather 40 388.782805 | 0.583174 |I0-G15-D083  |I0-G15 Irag Akre Ninewa 19628
Fair /Dry Weather 40| 1793017327 | 26.88526 | 1Q-G15-D083 | 1Q-G15 Irag Akre Ninewa 19628
Fair /Dry Weather 40| 1134578634 | 1701888 | 1Q-G15-D083 | 1Q-G15 Irag Akre Ninewa 19628
All Weather 100 6344 564309 | 3.806739 | I0-G15-D083 10-G15 Iraq Akre Ninewa 19628
All Weather 60| 1047.933374 | 1.047933 |10-G15-D083 |I0Q-G15 Irag Akre Ninewa 19628
Fair /Dry Weather 4l 12.05158% | 0.018077 | I0-G15-D083 | 10-G15 Irag Akre Ninewa 19628
Fair /Dry Weather 40| 2328350157 | 3.482525 | 1Q-G15-0083 | 1Q-G15 Irag Akre Ninewa 19628
Fair /Dry Weather 40| 1038.028527 | 1.558544 | 10-G15-D083 |1Q-G15 Irag Akre Ninewa 19628
Fair /Dry Weather 40 | 9B803.098934 | 14704645 | 1Q-G15-D083 | 1Q-G15 Irag Akre Ninewa 19628
Fair /Dry Weather 40 5867156588 | 8950735 | I0-G15-D083 10-G15 Iraq Akre Ninewa 19628
All Weather 100 | 1401.423198 | 0.840854 | I0-G15-D083 |I0-G15 Irag Akre Ninewa 19628
Fair /Dry Weather 4l 677289155 | 1.015834 | 10-G15-0D083 | 1Q2-G15 Irag Akre Ninewa 19628
Fair /Dry Weather 40 909.018774 | 1.363528 | I0-G15-D083  |I0-G15 Irag Akre Ninewa 19628
All Weather 60| 6312881362 | 6312891 | IQ-G15-D083 | IQ-G15 Irag Akre Ninewa 19628
Fair /Dry Weather 40 | 44543831929 | 6.608573 | 1Q-G15-D083 | 1Q-G15 Irag Akre Ninewa 19628
Fair /Dry Weather 40 1926 485579 | 2885728 | I0-G15-D083 10-G15 Irag Akre Ninewa 19628
Fair /Dry Weather 40 | 1588551488 | 2397327 | 0-G15-D083 |1Q-G15 Irag Akre Ninewa 19628
All Weather 80 3753115881 | 0.375312 | 10-G15-D083 | I0-G15 Irag Akre Ninewa 19628
I All Weather 100 228225689 | 1.388354 | 1Q-G15-D083 | 1Q-G15 Irag Akre Ninewa 19628
All Weather 60| 4771.508832 477151 | I0-G15-D083 | IQ-G15 Irag Akre Ninewa 19628
Fair /Dry Weather 40 | 2987.584026 | 13.481391 | 1Q-G15-D083 | 1Q-G15 Irag Akre Ninewa 19628
Al Weather B0 5325108142 | 5325108 | I0-G15-D083 10-G15 Irag Akre Ninewa 19628

Figure 29 The final resulting road layer

There are other problems in the road layer, which are the gaps between streets. As

mentioned before, we need the road layer in the network analysis for the train

stations because this analysis depends on the existing road network in order to

measure the accessibility values of those stations. There are two causes of these gaps.

The first cause is the accuracy of the data. Sometimes, the map scale is the main

factor that affects the accuracy of the data. For example, data are collected by using a

specific map scale and then used with a different map scale. This difference

generates many mistakes and gaps between objects in the map because whenever the

drawing scale is bigger, the gaps become larger. Figure 30 shows an example of gaps

in the road layer.
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Figure 30 Gap problem when the map scale was changed

The second cause is the reality of the earth’s surface. Sometimes there are minor
roads linking other routes, for example, a small bridge connecting two roads. Cases
such as these are often not represented in the data of roads layer.

In order to use the road layer in the network analysis, this problem should be
addressed, because the network analysis depends on the integrated polyline network.

The “integration” tool was used to solve this problem. This tool is one of the data
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management tools in ArcMap 10.2. The “integration” tool is used to solve the shared

features boundary problem and the gaps problem [35].

We can use this tool easily by selecting the road layer as an input in the tool
configuration window. The result will be the same road layer but integrated

polylines, as shown in Figure 31.
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Figure 31 Use of “integration” tool

3.1.1.2 Geocoding Tools

The geocoding toolset contains seven tools. From these, the tool “create address
locator” was used in order to create a new address locator for Iraq. The aim of using
this tool is to create a reference for Iraq's cities. This reference can be used to find a
location by searching. In addition, this tool makes it possible to select the appropriate
style for the new address locator, such as cities, streets, ZIP codes, and so on. The
“general-City-state” was used as a style and the province layer, which contains the
province’s names and cities, was used as a reference layer. Then, as seen in Figure
32, the reference columns were selected according to the information matched. By
the way, the default address locator in the ArcGIS® program is the USA.
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Figure 32 Use of “create address locator” tool

3.1.1.3 Projection and Transformation Tools

The purpose of the use of this tool is to change the coordinate system, which is used
to present the data layers (maps) on the screen. In addition, if we want to carry out
some geometry calculations, we must use “projected coordinate systems”. Then, the
coordinate system that IS appropriate for Iraq, namely
"WGS_1984 UTM_Zone _38S", is selected. It is necessary to change the coordinate
system in order to get accurate results that reflect the reality of the earth’s surface
(Figure 33) [36].
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Figure 33 Use of “projections and
transformations” tool




3.1.1.4 Field Tool

This tool is used to modify the attribute tables. By using this tool, new fields can be
added to the attributes table and geometry calculations such as distance, area,
coordinates, and so on can be carried out for fields. In addition, mathematical
calculations can be done on any field in the attributes table by using the options
provided by the field calculator, such as /, *, -, +, Cos (), Abs (), Log (), and so on.

Furthermore, the field tool can be used to find the statistics for the fields.

This tool was used to modify the attributes table for the road layer. Firstly, a new
field was added, called “minute”. This new field represents the appropriate time
required to cross each road, as will be mentioned later in this chapter. It is necessary
to add and calculate this field, because the network analysis depends on the time to
calculate the accessibility values of train stations. The steps required to add this new

field are as follows:

Open the attributes table

Open the table’s “options” menu
Select “add field”

Write the name of the new field

o b 0w DN

Select the field type (integer, string, float, double, date), as shown in Figure
34.
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Table

- Ny By O x
roadl
Shape | F_CODE | FEATURE_AT | LTH | TRACK_LANE | NAM| NAME| RST | ROAD_RUNWA

v | Polyline | g — - — - - 1 | Hard /Paved
Polvlne |4 Add Field __t_ -u- 1 | Hard /Paved
Pohyline q 2 | Loose fUnpaved
Polylne |4 MName: 2 | Loose /Unpaved
Pohyline E: 2 | Loose /Unpaved
Polyline - Type: [Date 2 | Loose /Unpaved
Pohyline 1 | Hard /Pawved
Polyline Field Properties 2 | Loose /Unpaved
Pohyline 2 | Loose /Unpaved
Pohyline 2 | Loose /Unpaved
Pohyline 2 | Loose fUnpaved
Pohyline 2 | Loose fUnpaved
Polyline 2 | Loose /Unpaved
Pohyline 1 | Hard /Pawved
Polyline 2 | Loose /Unpaved
Pohyline 2 | Loose /Unpaved
Pohlyline 2 | Loose /MUnpaved
Pohyline 2 | Loose /Unpaved
Pohyline 2 | Loose /Unpaved
Pohyline 2 | Loose fUnpaved
Pohyline ap030 Road 212 UMK | UMK 1 | Hard /Paved
Polyline ap030 Road 11 UNK | UNK 2 | Loose /Unpaved
Pohyline ap030 Road 11 UNK | UMK 2 | Loose /Unpaved
Polyline ap030 Road 11 UNK | UNK 2 | Loose /Unpaved
Pohyline ap030 Road 11 UMK | UMK 2 | Loose /Unpaved

] [ T

44 1 % & | (0 out of 82679 Selected)

Figure 34 Steps required to add a new field

Secondly, the length of each road in the road layer will be calculated by using the

geometry calculations as below:

1. Right click on the header of the length column
2. Select “calculating geometry”

3. Select “length” as the geometry type

4. Click “OK” (Figure 35)
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e =

FID | Shape* | FEATURE_AT | TRACK_LANE | NAME| RSTl ROAD_RUNWA | RTT | wTC|  WEATHER_TY Speed f Lenght | Minut «

0| Polyine | Road [ Calculate Geometry 100 | 0369935 | 0221y |
1 |Polyline | Road 100 | 0570223 | 0342
2 [Polylne | Road 60| 1.006588 | 1.008!
3| Polyine | Road || Property: [Length -Disabled v| | e 40| 040072| 045
4|Polyline | Road Coordinate System 60| 6725996 | 6725
5 | Polyine Road} (@) Use coordinate system of the data source: e 40 0176039| 0264
€ |Polylne | Road ; | 100 | 0367479 0.220.
7 |Polyine | Road GCS: WGS 1984 | latner 40| 1643178 | 2484
8 |Polylne | Road ) ther 40| 0292903 043%
9 | Polyline Roaalll ©use coordinate system of the data frame: ther I 045301 | DGoE
10 | Polyling Road GCS: WGS 1984 ther 40| 1.872785| 2809
11 |Polylne | Road ther 40| 1438239 2154
12 |Polylne | Road ther 40| 0739137 1408
13 |Polylne | Road || Units: Decimal Degrees 100| 0505566 030
14 |Polylne | Road ther 40| 1898608| 2847
15 |Polylne | Road T T ther 40| 1431379 1897
16 |Polylne | Road ) ther 40| 208813] 3147
17 |Polyine | Road ||| ARoutcalaating geometry ok || cancel ther 40| 230283 | 3568
18 |Polylne | Road ther 40 | 3633166 544
19 |Polylne | Road ther 40| 0352025 0528
20 |Polyline | Road 2 UNK 1 | Hard /Paved 0 1| All'Weather 100 | 0338845 | 0203
21 | Polyline Road 1 UNK 2 | Loose /Unpaved ] 2 | Fair /Dry Weather 40| 0232325 | 0.343
22 | Polyline Road 1 UNK 2 | Loose /Unpaved ] 2 | Fair /[Dry Weather 40 | 0325811 | 0488
23 | Polyling Road 1 UNK 2 | Loose /Unpaved ] 2 | Fair /Dry Weather 40| 0.3893%4 | 0584

24 | Polyline Road 1 UNK 2 | Loose /Unpaved 0 2 | Fair /Dry Weather 40| 2145032 | 32471 7
| 1 | 2

o4 0 v » [E|S] 0 outof 82269 Selected)

Figure 35 Calculation of lengths of roads

After that, the values for the minutes column should be calculated by using field
calculator method because by using field calculator option the column can be
calculated either by entering the values or applying mathematical formulas. So, the
minutes column will be calculated by applying a specified formula that will be
mentioned next. This can be done by right clicking on the header of the new column
and clicking on "Field Calculator" then writing the formula for that purpose. By
taking into consideration the well-known physics formula to calculate the travel time
in hours by means of the distance and the velocity in Equation 1. The values for the
new field are calculated by dividing the length column by the speed column and
multiplying the result by 60 (because the car’s speed unit is km/h and the hour = 60
minutes and we need the time in minutes in order to measure the accessibility value
in minutes), as shown in Equation 2 [37]. Figure 36 shows the calculation window

used to write the needed formula in order to calculate the minute field.

Distance Travelled

Time of Travel = Average Speed (1)
.. . . __ (Length
Driving Time (minutes) = (speed) * 60 2
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Figure 36 Calculation of the “minute” field
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Next, we will add a new field to calculate the pedestrian’s walking time. We can

calculate the values for this field by dividing the length column by 0.1. The walking

speed is determined as 0.1 km/m (thus the result will be expressed in minutes), as
shown in Equation 3 (Figure 37) [30].

Pedestrian time Minutes = (

Length)
0.1
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Figure 37 Calculation of minutes spent walking

There is another issue in the road layer that should be addressed. This issue is the
calculation of the population density numbers on the roads. So firstly, we should add
a new field to the table, which is “population_per road”, by using the same method
as previously. Next, the values for the new column should be calculated by using the
“field calculator” option. The values for this field will be calculated by applying a

special formula proposed in this work, as shown in Equation 4

. Population per city
Population per roads = 4
p p Traffic speedxnumber of lanesxlength of road ( )

This formula was used because there is a negative relationship between population
density and highways, because when roads are longer, faster, and have four or more

lanes, that means those roads are external (outside cities). For example, the
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population density around a short road with a one-track lane in Ankara-Kizilay is

higher than that of Eskisehir Road, which is a long high-speed road with four lanes
(Figure 38).

' Table O x
LT
| Integrated_Streets L
NAME| RST | ROAD_RUNWA | RTT | WTC VIEATHER_TY speed | Lenght | Minutes | f elev | t elev | pop street | -
UNK 1 | Hard /Paved 0 1 | All Weather 100 | 0.369935 | 0.221961 0 0 E Sort Ascending
UNK 1 | Hard /Paved 0 1 | Al Weather 100 | 0570223 | 0.342134 0 0 Sort Descending
el ] uNK 2 | Loose Mnpaved 0 1 | All Weather 60| 1.006588 | 1008583 0 0
UNK 2 | Loose /Unpaved 0 2 | Fair /Dry Weather 40| 010072 015108 0 0 Advanced Sorting...
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Figure 38 Calculation of population per road

Now, the road layer is ready to use in the network analysis. The next step is to

convert the population density values from the attributes table of the road layer and

place them as points on the map. This step aimed to create a layer of population

density points, which are the centroid points of the roads, in order to use those points
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as a demand point layer later in the network analysis. In order to do so, the steps are
followed:

e Add two columns to the attribute tables for the road layer. These columns are
cXandcy.
These new fields represent the center of the X-axis and the center of the Y-
axis for roads. Then, these values were calculated by using geometry
calculations. The main idea here is to convert the polylines (road layer) to

points (population density point layer), as shown in Figure 39.
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Restore Default Field Order 10-G15 Iraq Tilkaif Ninewa 25537 0869154 | 0 0
- 10-G15 Iraq Tilkaif Ninewa 25537 BEBITO3| 0| 0
Joins and Relates ¥ iosis rag Tikaif Ninewa 25537 | 18e1%81 | 0| 0
Related Tables 3 13-G15 Irag Tilkaif Ninewa 25537 0659736 | 0 0
10-G15 Iraq Tilkaif Ninewa 25537 1530534 | 0 o0
iy Create Graph.. 10-G15 Iraq Tilkaif Ninewa 25537 0536828 | 0| 0
Add Table to Layout 10-G15 Iragy Tilkaif Ninewa 25537 0735184 | 0| 0
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Figure 39 Addition of (cX) and (cY) fields

e Calculate the values for the cX and the cY fields by using geometry
calculations, as below:
o Right click on the (cX) column's header.

o Select “calculate geometry”.
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o Select “X coordinate of the midpoint”. The purpose of this step is to represent
the X-axis midpoint of the line (road).

The same steps are used to calculate the (cY) field (Figure 40).
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— 1
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Figure 40 Calculation of cX and cY fields

Now, the attributes table for the road layer has become contains all the necessary
fields needed by the network analysis. Therefore, the next step is to extract the
population points depending on the spatial locations of the ¢X and cY fields and to
locate those points on the map in order to use them later in the network analysis.

The steps below were followed in order to create a new point layer for the
population density on the roads below:
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1. Export the attribute table for the road layer, which now contains the ¢X and
cY fields. The exportation steps are as follows:
Open the attributes table - table options - export = all records - select
the output path - OK (Figure 41).
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Figure 41 Steps for exporting the attributes

a1

2. Import the attribute table that resulted from the first step by following these
steps:
ArcMap -> file - add data > determine the data path - add (Figure 42).
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Figure 42 Importing the attributes table

3. Display the population density points as a layer on the screen. Now, we have

the attributes table and it contains all the needed columns. Nevertheless, there

is no spatial representation of these columns. Therefore, the following steps

were used to present those data as points on the map to represent the

approximate population density on the roads:
ArcMap - table of contents - right click on the table = display XY data >
select the X field in the table - select Y field in the table> OK, as shown in

Figure 43.

58



I Untitled - ArcMaI

File Edit View B
D&B
CEVE

Table Of Contents
P ':<:) 8;
T
e
0
o

2 5 layers
B B C:\Users
=l b ggg

*

"8

X

VsEUwomaer gl] ] siue

FEEEE

‘

Drawing~ K

4. Export the population point layer and save it in order to use it later in the
network analysis. The export steps are as follows:
ArcMap —> table of contents - right click on the new layer (point layer)
—> data - export data - all features = set the name and path for the new

layer, as shown in Figure 44.
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Figure 44 Exporting the new layer

3.2 Arc Catalog 10.2

By using the (ArcCatalog) program, a new network dataset can be created. This
network dataset (ND) will be used as a base for the network analysis because the
network analysis mechanism depends on the network dataset to perform the analysis
of railway network. The following steps are used to open the Arc Catalog program:

Start - all programs - ArcGIS® - ArcCatalog 10.2
In the next step, a network dataset will be created for the road network, as below:

ArcCatalog 10.2 - catalog tree—> right click on the road shape file > new network
dataset (Figure 45).
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Figure 45 Creation of a new network dataset

In the next step, the connectivity type between vertexes on the road network
should be set because the analysis depends on those roads to measure the
accessibility values of the train stations. Then, the cost field for the network analysis
must be determined while creating the network dataset. Firstly, type "any vertex" was
used as a connectivity type between vertices in the network dataset in this thesis. The
"Any Vertex" type could be used as a connectivity type between vertices in this
research because in the road network any vertex (end of the each road) is considered

as a connection point between roads, as shown in Figure 46.
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Figure 46 Setting the connectivity type

Secondly, in this research, the “minute” field, which was calculated in Section
3.1.1.4 of this chapter, was used as a cost type for the network dataset to allow
analysis of the train stations according to the accessibility times, as shown in Figure
47.
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Figure 47 Selection of the cost type and setting the field

Then, the type of “no driving directions” is selected for the analysis direction in this
dataset because there are no walking directions for pedestrians. Thus, the steps

required to create the new network dataset can be summarized as follows:

ArcCatalog 10.2 - catalog tree - right click on the roads shape file - new network
dataset = naming the dataset = select connectivity type > select cost type =
determine the cost field - no-driving directions - finish.

3.3 Network Analysis (NA)
1. The network analysis extension should be added to ArcMap in order to use
the network analysis tools. It is possible to add this extension by following

the steps below:

63




ArcMap -> customize - extensions = network analysis [20], as shown in
Figure 48.
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Figure 48 Addition of network analysis extension

1. The new network dataset created in Section 3.2 is added to ArcMap to
become the base for the network analysis. The dataset can be added by using
these steps:

ArcMap > add data - select the network dataset (the file with the extension
“ND”) - add, as shown in Figure 49.
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Figure 49 Addition of the network dataset

3. The analysis type is selected for the network analysis. As mentioned in the
first chapter, the aim of this research is to find the best locations for train
stations. Therefore, the best analysis type is the new-location allocation.
These steps were followed in order to perform this analysis:

ArcMap > network analyst = new-location allocation - OK, as shown in

Figure 50.
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Figure 50 Selection of the analysis type

4. The layer of the population per road, which is the point layer obtained in
Section 3.1.1.4-4, is added in order to use it as a demand layer in the
analysis. In order to load this layer, these steps were followed:

New-location allocation - OK - network analyst window - right click on

the demand points - load locations, as shown in Figure 51.
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Figure 51 Addition of the demand layer

5. The parameters of the demand layer are set (population density point layer).
Then, the parameters required for the network analysis should be set too. The
population-per-road field was selected as a weight for this analysis. These
parameters were set by following the steps below:

Load locations > select the layer (must be a point layer) - select the name
field - select the weight field > leave the rest as default values - OK, as

shown in Figure 52.
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Figure 52 Setting the parameters of the demand layer

6. The layer for the current train stations in Irag, which is a point layer, is loaded
in order to use it as a facilities layer in the analysis. In order to load this layer,
the steps below were followed:

New-location allocation - OK -> network analyst window - right click on

the facilities points - load locations.

7. The parameters for the facilities layer were set. The current train stations
were used as a facilities layer. The steps below were followed:
Load locations - select the layer (which must be a point layer) = select the
name field - select the facility type as "chosen"-> leave the rest as default
values - OK, as shown in Figure 53.
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Figure 53 Setting the parameters for the facilities layer

8. The analysis parameters are customized according to specific criteria to

achieve the aim of this study. These parameters can be set by following these

steps: open network analyst window -> select analysis properties - select

analysis setting. The criteria are as follows:

e Minutes as the analysis impedance (cost for analysis)

e Travel from demand to facility (from population density points to

train stations)

e Output shape type as straight lines (The results will be shown as

straight lines but actually the analysis is based on the existing roads

network to perform the analysis, but show the results as straight lines

to become more clarity), as shown in Figure 54.
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Figure 54 Analysis setting

9. The advanced analysis settings are customized. These settings can be made

by using the steps: network analyst window -> analysis properties —->

advanced settings. These settings were chosen as follows:

Maximize coverage was chosen as the problem type (we want the
maximum area to be served around train stations)

All facilities were chosen in the field “facility to choose” (all current
train stations should be analyzed)

A limited walking time of 20 minutes was set (from population points
to the train stations) in the field “impedance cutoff”

For the impedance transformation, “linear” was selected because

the analysis was based on the roads, which were linear (Figure 55).
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Figure 55 Setting the advanced settings

10. The network analysis was run to solve the problem based on layers and
settings that had been introduced. The network analysis can be done by
following the steps below:

Network analysis window->solve, as shown in Figures 56 and 57.

Metwork
o x
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Figure 57 Network analysis results

3.4 PYTHON™ Tool (IRT)

A new custom tool that works in the same environment as ArcMap 10.2 was
developed. This new tool was programmed by using PYTHON™ 2.7 programming
language, which exists in the ArcGIS® package by default. The purpose of creating
this tool is to determine the best candidate locations for new train stations based on
the distance between those candidates and population density points. In addition, by
using this tool, the candidate locations can be found depending on the population

density surrounding those candidate locations [38].
This new tool was developed by following these steps:

1. The code was written by using PYTHON™ 2.7 GUI and saved by following
the steps below:
Start > ArcGIS® - PYTHON™2 .7 - idle PYTHON™ (GUI) - writing
code - file - save as - enter a name for the file > select PYTHON™ as a

file type = OK, as shown in Figure 58.
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937016957 M File folder
1 Python 27 10/3/2016857 AM  File folder
) Homegroup
./ IDLE (Python GUI) | 6/9/201685TPM  Filefolder
K } k 9/3/2016 1001 AM  File folder
Module Docs ‘?t’"p‘:t;_'k = } cotroot 32420171241 AM  File folder
# Python (command ling) : Lmlnlsk(; || catrool2 3192017936 M Filefolder i
& Python Manuals - e L = ‘ g
File name: -
1 Back Save as type: Al files (7). -
T Text files ()
‘ Search programs and files p| v 10 v Bl @ HideFodes  anfies ) ’

Figure 58 Opening and writing code and saving it as a Python file

2. Figure 59 shows a sample of code for the new tool by using the PYTHON™

coding window.
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File Edit Format Run Options Windows Help

Output_Point Feature Class = arcpy.GetParameterAsText(0)

Defaultl gdb = arcpy.GetParameterisText (1)
1f Defaultl gdb == '#'
Defaultl gdb = "C:!

GIS\\Defaultl.gdb" # provide a default value if unspecified
Constraining Feature Class = arcpy.GetParameterAsText(2)

Output_Feature Class = arcpy.GetParameterhsText (3)

Number of Points_ value or_field = arcpy.GetParameterhsText(4)

if Number of Points_ value or field == 's' ot Number of Points_ value or field :
Number of Points_ value or_field ="l % provide a default value if unspecified

Minimom Allowed Distance  value or field = arcpy.GetParameterAsText(S)
if Minimum Allowed Distance_ value_or_field =='#' o
Minimum Allowed Distance_ value or field = "0

t Minimum Allowed Distance value _or_field :
ees" # provide a default value if unspecified

# Local variables:

# Process: Create Random Points

popvalues= arcpy.SearchCursor (arcpy.GetParameterAsText(2),"","", arcpy.GetParameterAsText (&))

if popvalues > arcpy.GetParameterAsText(7):

arcpy.CreateRandomPoints management (Defaultl gdb, Output Point Feature Clase, Constraining Feature Clasgs, "0 0 250 250", Number of Points value or field , Minimum A

I}

Ln:7/Col:0

= T m—

Figure 59 I5ython code

3. A new empty toolbox was added to ArcMap in order to add the new tool
inside this toolbox. The program ArcCatalog 10.2 was used to add this new
toolbox by applying these steps:

Start - ArcCatalog - catalog tree—> right click > new - toolset (Figure
60).
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LAS Dataset
Address Locator...

Compaosite Address Loc

Create a new geocprocessing
toolbox.

HML Document

Figure 60 Addition of new tool to the

4. The PYTHON™-scripting file was added with the empty tool. The
PYTHONT™ file that was created in the previous step was added to the new

tool by using these steps:

Right click on the new tool - add - script = next - determine the path of

the scripting file = set the input parameters for the new tool (user interface

window) > finish, as shown in Fi

gure 61.
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IRT Properties

Parameters | Validation | Help

«

Display Mame

Mame For Result Layer
Result Path
Dependent Layer

da

Mumber Of points
Distance

Data Type e
String

Workspace or Feature Dataset
Feature Layer

Feature Class

Lomg

Linear unit al

I r

m
s

Click any parameter above to see its properties belaw.

Parameter Properties

Property Value

Type
Direction
Multivalue
Default
Environment

Filter
Mikhtzinad fFoes

m

To add a new parameter, type the name into an empty row in the
name column, dick in the Data Type column to choose a data type,
then edit the Parameter Properties.

[ oK ] l Cancel J Apiply

Figure 61 Setting parameters for the new

Note: The parameters that were used with the new tool are listed in Table 1:

Table 1 Parameters of the Python tool

Parameter Type Purpose of parameter
Name of the result layer String Name of the output layer
Result path Workspace | Path to save the output layer

The layer on which the new
tool depend on to locate the
candidates

Feature class

Finding candidates depending on the distance to
this layer

Number of candidates Long Number of candidates generated

Distance Linear unit | the distance Between population density points
in dependent layer and the new candidates

Population field Field Select population field in the dependent layer

Population number Long Exclude all points with populations below this

number.

5. The description and help feature for the new tool (IRT) were written. Also,

some pictures can be added in order to help the user or to describe this tool.

This was done by using the following steps:

ArcCatalog - right click on the tool = description = write the description

(Figure 62).
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= B &
E IRT =
& Mame For Result Layer IRT
¥ Result Path - Find new candidates
* locations for new stations
=
Dependent Layer (optional) -
&
) ) Turkey
Mumber Of points (optional) =
¥ —. el
Distance (optional) b sia Oy
Unknown v| T
Population Field (optional) | o & -
v Saucki frabia AT
Mumber Of Population (optional) Kuwait
oo [
30000 70000
| CK. | ‘ Cancel | | Environments. .. ‘ | << Hide Help | | Tool Help |

Figure 62 New tool (IRT) created by using Python

3.5 Visual Studio Toolset
A new custom toolset (consisting of three tools) was developed by using Asp.Net
(C#) programming language, and it works in the same environment as the
ArcMap program. In other words, these tools can be used through the
ArcMapl10.2 program. ASP.Net(C#) was used to program these tools. In
addition, ArcObject 10.2 was used as a connection point between ArcMap and
the programming language (Visual Studio 2010). This toolset consists of three

tools and the goals of these tools are as follows:

The purpose of the first tool to change the name of the ArcMap project to
"Iraq Railways”. The second tool browses the results and records for each layer
from those results and shows the difference between these layers. The third tool
adds a new candidate location (by picking up the X and Y coordinates from the
computer screen) [39].

Thus, these tools were programmed as follows:

1. Open a new project in Visual Studio 2010:
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Start - Microsoft Visual Studio 2010 (C#) = new project = ArcGIS® -
extending ArcObjects = class library ArcMap - OK, as shown in Figure 63.

| =

(53] start Page - Microsof
File Edt View Debug Tools Window Help

(A Sdd 4 B9 - @B |AFEE.

Start Page X Mew Proj

f Visual

Sortby: Search Installed Templates 2|
Micsgsofe
tﬂVisuaI i | Intalted Templates “ Type: Visual G#
@ Class Library (ArcCatalog) VisualCa [ (YPe ViU
4 Visual C2 A project for creating classes to use in
4 ArcGls ArcMap
Deskiop Add-ns @ Class Library (ArcGlobe) Visual C#
1 Newpiic
- e @ Class Library (ArcMap) Visual C#
[ Open Project...
Online Template
IR Cless Library (ArcSeene) Visual G2
i
Recent Projects
..ch| Class Library (Desktop) Visual C#
% Console Application (Desktop) Visual C#
bjecthayder —
arcobjecthayderd E‘cﬁ Windows Application (Desktep) Visual C2
B hayder éwcﬁ Class Library (Engine) Visual C#
[ ArcMapClassLibraryl .
% Console Application (Engine) Viswalcz | |
@ GlobeControl Application Visual C#
ﬂ MapControl Application Visual G2
Name: ArchapClassLibraryl
e pae ater roctia
[¥] Show page on startup

Figure 63 Opening a new project in ASP.Net (C#)

2. A new toolbar is added as a base for the new tools. Then the code for this
new toolbar should be written. The code was written by using (C#). The steps
below were followed in order to add the toolbar and program it:

Solution explore - right click on the new project - add - new item -
ArcGIS® - extending ArcObjects—> base toolbar, as shown in Figure 64.
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File Edit View Project Debug Data Tools Window Help
idad-Gudlsanlo-c-p@- J[FFeREL,

P B e

Solution Explorer ™

@ arcobjecthayderl hayderToolbarl @ RegisterFunction(Type registerType) =B
Slusing System; - Solution arcobjecthayderl’ (1 project)
using System.Collections.Generic; j arcobjecthayderl
using System.Text; Build
using System.Runtime.InteropServices; Rebuild
using ESRI.ArcGIS.ADF.CATIDs;
using ESRI.ArcGIS.ADF.BaseClasses;

hayderToolbarl.cs X [ELLEERT foli XeS addstationform.cs [Design] newstation.cs hayderForml.cs hayderForml.cs [Design] hayderCommandZ.cs

saadosg S

Add 5 Newltem.. Crl+Shift+A

. Add Reference... 5 Basting lem... Shift-Alt+A
Sinamespace arcobjecthayderl
Add Service Reference...

ss2inog eyeq Wl X081001 .

New Folder

<summary> Set as Startlp Project Windows Formm...
Summary description for hayderToolbarl.
- . Debug

</summary>
[Guid("9a33becc-f17f-4311-0918-e3dd47a57515") ] Cut Ctrl+X Clss. ShifteAlteC
[ClassInterface(ClassInterfaceType.None)] L pact Ctiey
[ProgId(“arcobjecthayderl.hayderTeolbarl™)] e e
public sealed class hayderTeolbarl : BaseToolbar

User Control...

Remove Del
Rename

[ Properties AltEnter

public hayderToolbarl()

{
AddItem("arcobjecthayderl. hayderCommandl”);
AddItem("arcobjecthayderl.hayderCommand2");
AddTten("arcobjecthaydert . newstation®);
//nddTten( "hayderForml.cs");

"

// T0DO: Define your toolbar here by adding items

1

//AddTten( "esriArciapUl. ZoomInTool" ) ;

//eginGroup(); //Separator

J/AddTten( " {FBFBC3FB-0480-1102-8D21-0B00B9EE4ES1}Y", 1): //undo command

File Edit View Project Dcbug Data Tools Window Help
n T I R | ] e - 5
o

Add New Item - arcoby;

heydefTaolbarl.cs  REEEIQ| Instlled Templates Seatch Installed Templates

“ arcobjecthayderl .hayderTool
! d 4 Visusl C2 Items .

using System; 4 hreGIS ArcGIS Class Visual Cltems [ | 1YPe: Visual ¥ Ttems biecthayderl' (1 project)
using System.Collect Create ArcGIS class from a list of base rl
using System.Text; Desktop Add-Ins components
using System.Runtimg Base Command Visual C2 tems
using ESRI.ArcGIS.AD|
using ESRI.ArcGIS.ADl| Base Menu Visual C# Hems

snpdog B

Q
&

s92un05 ereq i %0100 3

Snamespace arcobjecth
Base Tool Visual C# ltems.

b
o

/ <sunmary>
Summary desi

Base Toolbar Visual C# ltems

Base Toolbar
AppthumwvtDesktap) Visual C2 ems

Context Menu (Desktop) Visual C# ltems

/ /summary>
[Guid("3a33becc
[ClassInterface(]
[ProgId("arcobia
public sesled cl

# g

&

Dockable Window (Desktop) Visual C# ltems.
public haydg

AddTtem|
Addltem§
AddTtem|
//AddItd

Just-In-Time Extension (Desktop) Visual C# ltems

Property Page (Desktop) Visual C# rems

il 1 e

Context Menu (Enging) Visual C£ ems

i

"

4 Toogg ArcGISClassl.cs

"
//addTt
/18eg
//AddIt

B Error List

Figure 64 Addition of a new toolbar in

Then, the code for this toolbar should be written in order to define the new tools for

the toolbar (Figure 65).
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arcobjecthayderl - M

File Edit View Project Debug Data Tools Window Help

P S @ K[ - e B -
= a e
hayderToolbarl.cs* X [ERLEEThIT N addstationform.cs [Design] newstation.cs hayderForml.cs hayderForml.cs [Design] hayderCommand2.cs ¥
“A arcobjecthayderl.hayderTeolbarl ~| “% hayderToolbarl () -
using ESRI.ArcGIS.ADF.CATIDs; =

using ESRI.ArcGIS.ADF.BaseClasses;

Elnamespace arcebjecthayderl -

{

! <summary>
Summary description for hayderTooclbarl.

u

¥
-
g
H
5
H
2
L=}
g
&
5
s
H
H
A
A
[

fFF </ summary >
[Guid("9a33becc-F17f-4311-9918-e3dd47a57575") ]
[ClassInterface(ClassInterfaceType.None)]
[ProgId(arcobjecthayderl. hayderToolbarl™)]

= public sealed class hayderToclbarl : BaseToolbar

H [coM Registration Function(s)|

= public hayderToolbarl() L5}
{
//4dd The New tools to our new toolbar//|
AddItem("arcobjecthayderl.hayderCommandl™);
AddItem("arcobjecthayderl.hayderCommand2™);
AddItem("arcobjecthayderl.newstation™);
//AaddItem("hayderForml.cs™);

I

/! TODO: Define your toclbar here by adding items

I

//AddItem("esriArcMapUI. ZoomInTool");

//BeginGroup(); //Separator

//AddItem( " {FBFBC3FB-8430-11D02-3021-080@R9EE4ESL}", 1); //undo command
//addItem(new Guid(“FBFSC3FB-@48@-1102-8D21-08@@@IEE4ES1"), 2); //redo command

}
= public override string Caption
{ -
0% - < L
ﬂ Error List
Ready Ln6&

Figure 65 Programming the new toolbar

3. The first tool was added to the project in order to change the name of the
ArcMap project and to show the help feature for using the other new tools.
The first tool was added as a command tool to the new toolbar and then
programmed by using these steps:

Solution explore - right click on the new project - add - new item -
ArcGIS® - extending ArcObjects - base command, as shown in Figure 66.
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2] arcobjecthaydert .
Fle Edi View Project Debug Datz Took Window Help
i SH@ 4 aBo-c-[p @B (IR mE.

=R

Wl hayderForml.cs* x [ on
Installed Templates Sortby: Search Installed Templates 2]
4% arcobjecthayderl.hayderFor
Slusing System;
using System.Collect Creste a command button 1o be used in
using System. Conpong] Desktop Add-Ins ArcIS spplications
using System.Data; Extending ArcObjects Base Command Visual C# Items

using System.Drawing

using System.Text: =, Base Menu Visual C2 liems
using System.Windows
using ESRI.ArcGIS.AD)
using ESRI.ArcGIS.AD
using ESRI.ArcGIS.Fn
using ESRI.ArcGIS.Ar
using ESRI.ArcGIS.Nel
using ESRI.ArcGIS.Ca
using ESRI.ArcGIS.Ge

4 Visual C#Ttems
Type: Visual C#1Th
4 ArcGIS ArcGIS Class. Visual C# Items ype: Visua ems.

sanuadoid 3

sa2un0s ejeq

Base Tool Visual C# ltemns

|

Base Toolbar Visual C# rems

Application Extension (Deskiop) Visual C# Items

1 e <

Context Menu (Desktop) Visual C# lems

kil
Pl

LiF

Finamespace arcobjectfl Dockable Window (Deskter) Visual C# ltems

5 public partial
Just-In-Time Extension (Desktop) Visual C# lems
B public hayde

Property Page (Desktop) Visual C# Items

il 1 B

Initiald]
Systen.id
ToolTipl

Bl
Qi

Ui

Context Menu (Engine] Visual C2 ltems

private TApp

public IAppl
CommandL.cs

I Error List

Figure 60 Addition of the new tool, which is a command

By using the same steps as described above, other tools were added. The second tool

was also as a command but the third tool was a windows form.

Then, a code was written to link these tools with the toolbar in order to show them
in the new toolbar. This step was done by writing some lines of code as shown in

Figure 67.
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4 i iR A R e A =

File Edit View Project Debug Data Toels Window Help

ida-Sd s adla-c -y @m  [IFeEE.
Vil ar 2| 22 0

hayderForml.cs® hayderForm1.cs [Design]® hayderCommand2.cs hayderCommandl .cs hayderToolbarl.cs® X [ERLEETLi]Fed addstationform.cs [Design] = Solution Explorer

arcobjecthayderl.hayderToolbar ~| % hayderToolbar EE]
4 arcobjecthayderl hayderToolbarl ¥ hayderToolbarl EeialE
Flusing System; ; Solution ‘arcobjecthayderl’ (1 project)
using System.Collections.Generic; + | 4 (& arcobjecthayderl
using System. Text; . > [ Properties
using System Runtine. InteropServices; » [ References
using ESRI.ArcGLS.ADF.CATIDs; Service References
using ESRI.ArcGLS.ADF.BaseClasses; =
> [Z] addstationform.cs

“Inamespace arcobjecthayderl 18 hayderCommandL.bmp
) hayderCommandl.cs

il 11 <summary> # hayderCommand2.bmp
Summary description for hayderToolbarl. ] hayderCommandZ.cs
summary> =] hayderforml.cs
Gu: 9a33becc-f17f-4311-9918-e3dd47a57575") ] <ﬂ hayderToolbarl.cs

[

[ClassInterface(ClassInterfaceType.None)]
[Progld(“arcobjecthayderl. hayderToolbar1®)] # newstation.bmp
p
{

sapadoig 9

s92un0s mizq A %0Q1001 .

4] newstation.cs

ublic sealed class hayderToolbarl : BaseToolbar
1] newstation.cur

public hayderToolbar1()

AddTten("arcabjecthayder]. hayderConnand1”);
AddTten("arcabjecthayder]. hayderConnand2”);
AddTten("arcobjecthayderl. newstation");
//AddTten( "hayderForml.cs");

/7 TODO: Define your toolbar here by adding items
1

/JAddIten("esriArciapUL. ZoonInTool");

//8eginGroup(); //separator
//AddTten("{FBFEC3FB-0450-1102-8D21-80R09EE4ES1}", 1); //unde command
J/AddItem(new Guid("FBFSC3FB-0488-1102-8D21-08009EEAESL"), 2); //redo command

B Error List

Ready

Figure 67 Addition of the tools to the toolbar

The next step was to program these tools one by one as described below:

The code of the first tool changes the project name in ArcMap and shows the help
feature for all three of the new tools. Figure 68 shows a sample of the coding for the

first tool.
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File Edit View Project Debug Data Tools Window Help

hayderForml.cs®  hayderForml.cs [Design]  hayderCommand2.cs (ROt ] hayderToolbarl.cs'  addstationform.cs  addstationform.cs [Design]  newstation.cs

% arcobjecthayderl.hayderCommandl ~| “@ hayderCommand1()
using ESRI.ArcGIS.ArcMapUI;
using System.Windows.Forms;

Finamespace arcobjecthayderl

{

o /1] <summary>
/// Summary description for hayderCommandl.
/{1 </summary>
[Guid("320583ca-a38b-4d27-ba5@-2ec783b57974") ]
[ClassInterface(ClassInterfaceType.None)]
[Progld("arcobjecthayderl.hayderCommandl")]
public sealed class hayderCommandl : BaseCommand

s2in0g e3eq i x00]00L v, [
sa10jdhg uonn|og i ssadoig S

istration Function

private TApplication m_application;
public hayderCommand1()
{
i
// TODO: Define values for the public prupkrties
i
base.m_category = "Irag Railways"; //localizable text
base.m_caption Iraq Railways"; //localizable text
base.m _message = “About Iraq railways custom tool”; //localizable text
base.m_toolTip = "About this tool"; //localizable text
base.m_name = "hayderCommandl_about”;  //unique id, non-localizable (e.g. "MyCategory_ArcMapCommand™)

try

B Error List

Ready Col 55

Figure 68 Sample code for the first tool

As mentioned previously, the second tool browses the results and records and
hides or shows the resulting layers. Figure 69 shows the design of the user interface

for this tool. Moreover, Figure 70 shows a sample of the coding for this tool.
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@ Eaillinez Data

Figure 69 Design of the second tool
L) arcbsthayder.- Miosat Vit C2 2010 Epress st ||

File Edit View Project Debug Data Tools Window Help
iQe-Gdd|basa-c P B
RS

[ECETNREE hayderforml s [Design]*  hayderCommand2.cs  hayderCommandl.cs  hayderToolbarl.cs*  addstationform.cs  addstationform. cs [Design] newstation.cs

QR .

“t arcobjecthayderl hayderForml ~| & button10_Click(object sender, EventArgs €]

Fl private void button7 Click(object sender, EventArgs e)
{
string sel = "Current_Stations";
ILayer chosedlayer = getlay(sel);

$22un05 Bleq B8 XOHIOOL 3

TFeaturelayerDefinition hayderfldefl = (IFeaturelayerDefinition)chosedlayer;

1210]dx3 UOIIN|OS i SeILBdoIY

hayderfldefl.DefinitionExpression = "POP >=" + comboBox3.Text;
IMxDocument haydermx = m_app.Document as IMxDocument;
chosedlayer.Visible = true;

1

IFeaturelayer hayderfl2 = (IFeaturelayer)chosedlayer;
IFeatureClass hayderfcl = hayderfl2.FeatureClass;
TQueryFilter hayderqf = new QueryFilter();

hayderqf.WhereClause = "POP »=100000";

IFeatureCursor hayderfcur = hayderfcl.Search(hayderqf, false);
IFeature hayderifeature;

hayderifeature = hayderfcur.lNextFeature();

comboBox2. Items.Clear();

while (hayderifeature != null)

{

comboBox2. Items . Add (hayderifeature.0ID);
hayderifeature = hayderfcur.NextFeature();

}
haydermx.UpdateContents();
haydermx.ActiveView.Refresh();
haydermx. UpdateContents();
haydermx.ActiveView.Refresh();

ﬂ Error List
Ready 32 Col3

Figure 70 Sample code for the second tool

84



The third tool adds a new candidate location by selecting the X and Y coordinates of
the cursor on the computer screen. In addition, the user can input additional
information about that location by using a custom form developed for this purpose in
this work. Figure 71 shows the input window of this tool. Figure 72 shows a sample

of the programming used for this tool [40].

-

o Add Mew Stations | — || & |[wed

Station Name

City Mame

Province

Figure 71 Input form
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File Edit View Project Debug Datz Tools Window Help
gz 1 I LR A
iRl a2 2,

hayderForml.cs*  hayderForml.cs [Design]*  hayderCommand2.cs hayderCommandl.cs  hayderToolbarl.cs*  addstationform.cs  addstationform.cs [Design] newstation.cs X

QAE e BIE

#arcobjecthayderl newstation | ¥ RegisterFunction(Type registerType)
}

public override void OnMouseUp(int Button, int Shift, int X, int ¥)
{
/1 MessageBox.Show("x="+ (X)+"\n"+ "y="+ (Y));
IMxDocument haydermxstation = m_application.Document as IMxDocument;
IPoint haydernewpoint = haydermxstation.ActivatedView.ScreenDisplay.DisplayTransformation.ToMapPoint(X, Y);

sa2unos eleq Al %0q|ool
12101cb3 UOHN|OS jme SS1pRdOIy R

MeszageBox. Show("X: " + haydernewpoint.X + "\n" + "Y: * + haydernewpoint.Y);
string testlayer = "new_stations";

string testlayerl = "buffer_Pop_Around_Street”;

TFeaturelayer haydernewstationfl =(Ifeaturelayer) getlay(testlayer);
IFestureClass haydernewstationfcl = haydernewstationfl.FeatureClass;

IDataset haydernewdata =(IDstaset) haydernewstationfcl;

TWorkspace hayderwork = haydernedal
TWorkspaceEdit hayderworkedit =(Iuo
hayderworkedit,StartEditing(true);
addstationform addnewhayder = new addstationform();
addnewhayder.ShowDialog();

(local variable) IFeatureClass haydemewstationfcl

hayderworkedit.StartEditOperation();

IFeature hayderaddf = haydernewstationfcl.CreateFeature();
ITopologicalOperator haydertop = (ITopologicalOperator)haydernewpoint;
IGeometry hayderbuff = (IGeometry)haydertop.Buffer(10668);

hayderaddf.Shape = haydernewpoint;
haydernewpoint.ConstrainDistance (188888, haydernewpoint);
hayderaddf.Value[ hayderadd.Fields.FindField("adninlame")] = addneshayder.textBoxl.Text;
hayderaddf.Value[ hayderadds.Fields.FindField("adninllame")] = addnewhayder.textBox2.Text;
hayderaddf.Value[ hayderaddf.Fields.FindField("prov')] = .comboBoxl, SelectedItem;
[ (
[ (

hayderaddf.Value[hayderaddf.Fields.FindField("x")] = haydernewpoint.X;

X
hayderaddf.Value[ hayderaddf.Fields.FindField("y")] = haydernewpoint.Y;
hayderaddf.Store();
addnewhavder . Visible = false:

Figure 72 Sample code for the third tool

4. The program was run by using the steps below:

Visual studio - debug menu -> start debugging (with the this symbolE)

5. The new toolbar was added to ArcMap in order to use its new tools inside the
ArcMap programme. This step was done by applying the steps below:
ArcMap > customize - toolbar - Iraq railways toolbar - add, as shown in

Figure 73.
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Figure 73 Addition of the new toolbar to ArcMap
All of the programming code for this toolbar and its three tools are attached to the

thesis in Appendix A.

Note: This application was examined on the researcher's PC, which possesses the
following specifications: Windows 7 OS (64 bit), with an Intel Core I5 processor and

2.6 GHz CPU.
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CHAPTER 4

Conclusion

As mentioned in the previous chapters, there are some problems associated with train
stations in lraq. Moreover, additional problems appeared at some stages of this
research. All of these problems were addressed by using ArcGIS®, PYTHON™, and
ASP.Net in this thesis. This chapter will present the results obtained in the previous
chapter. Furthermore, future studies related to this thesis will be considered. In the

final part of this chapter, the conclusion of this thesis will be presented.

4.1 Results

All the results obtained from the previous chapter are layers. These layers

contain both spatial and tabular data, which represent the results. As

mentioned in the first chapter, the aims of this thesis are separated into

two parts: analysis of the current stations and finding the best locations

for new stations. In this section, all the results are presented as layers and

records in the form of maps with attribute tables. These results are as

follows:

1. The roads layer which resulted from Steps 3.1.1 and 3.1.2, which
contains all of the required information for roads in order to become a
Suitable for use in network analysis. This layer contains 28,279 roads

and their tabular data.

2. The network dataset (ND). This dataset contains three layers, which
resulted from Section 3.2. Those three layers were used later in the
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network analysis (road network, road-network edges, road-network
junctions).

3. The results of the analysis of the current train stations, which were
obtained through the use of the network analysis technique. These
results were 29,603 demand points from which those stations could be

reached within a walking time of 20 minutes, as shown in Figure 74.
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Figure 74 Layer resulting from the analysis of current stations

4. In addition, the total area serviced that benefited from the current train
station service and was within 2 km of those stations was 1,694 km?,
as shown in Figure 75.
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Figure 75 Total area covered by surrounding stations

. The new candidate locations for new train stations, comprising a layer
containing 150 locations. This layer resulted from the use of the new
custom PYTHON™ tool, as mentioned in Step 3.4.

The resulting layer of new candidate locations analyzed, which is the
result of Step 3.4. It contains 58,681 records, which represent the
population points from which those stations can be reached within a
walking time of 20 minutes.

Here we can see the difference between the number of beneficiaries of
the current stations and of the new stations.

The total area served within 2 km of the new train stations, which is
12,403 km?,

Here we can see the difference between the areas covered by the
current stations and the new stations.

Three new tools developed on top of ArcMap, as mentioned in Step
3.5. By using those custom tools, we can easily deal with and browse

the results and its records and see the differences between those
results in order to improve the decision making.

The layer resulting from the use of the third tool, as mentioned in the

previous chapter. This layer contains candidate locations for new train

stations with their X and Y coordinates, names, and cities.
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4.2 Recommendations

1.

10.

11.

The same criteria as are used around the world for the development of
the railways and the train stations should be used.

In addition, standards should be defined according to the needs of the
places where these stations are located in order to know the order of
priority of new train stations to be constructed in each place.

The GIS techniques should be used for everything related to the
development of rail transport in order to serve more people and meet
their requirements.

Joint advisory committees should be formed between the Ministry of
Transportation and GIS specialists with the aim of expressing
opinions on proposed projects in the railway sector.

People should be encouraged to use trains for transportation. What are
their effects on the environment and the economic aspect?

A GIS unit equipped with all the required hardware and software
should be established in all sections of the Iraqi Railway Company.
Data for the earth’s surface type should be calculated by using
satellite images in order to calculate the construction cost of the new
train stations in Iraq.

Accurate data for population density (buildings, houses, flats, etc.)
should be calculated in order to become a reference for developing the
railway network.

The directions should be calculated for the road network layer in order
to calculate the driving accessibility values of the stations.

This system should be uploaded to a server with a specific domain so
that it can be widely used.

Decision-makers of the Iragi Railway Company should be trained to
use this system to improve decision making with regard to the

locations of new stations and also trained to use GIS techniques..
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4.3 Future Works

1.

The same application should be developed by using the ArcGIS server
in order to deal with a central application with a single dataset. If the
application is developed by using the ArcGIS server and installed on a
server, then it will be possible for users to use it via wired or wireless
networks [41].

It will be possible to use or develop the same application for other
purposes such as determining locations of new hospitals, police
stations, gas stations, and so on by changing the layer type for the
demand as well as the facilities by applying other criteria.

The layer data for the train stations should be developed to include the
number of daily passengers and the schedule for the trains in order to
calculate the number of beneficiaries more accurately for each station.
Regions produced by the VORONOI algorithm could be used to
determine the best areas in which it is possible to create railway lines
between those new stations at the lowest cost.

This application could be upgraded to make it a comprehensive
system for management, planning, maintenance, finance, and train
movements, giving a specific authorization type to allow each of those
sections to access and work on the system.

The same idea as for this thesis could be developed by using different
GIS programs such as QGIS, JavaScript, and Visual Studio (VB).

A new tool should be developed for determining the train station
located nearest to where the user is looking. This tool should be
developed so that it is available on the Web browsers and can be

accessed by multiple devices such as phones, tablets, and so on.
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4.4 Conclusion

As a conclusion, by using GIS techniques for dealing with and solving
transportation problems, the results will be more accurate. Thus, in this
thesis, the GIS techniques offered by ArcGIS (10.2) were used. In
addition, new tools for ArcMap were built by using PYTHON and Visual
Studio(C#) programming languages as mentioned in the third chapter.
This study aimed to determine the best locations for new train stations in
Irag. The methodology in this thesis is based on network analysis of train
stations in GIS. This analysis is based on applying some criteria that are
mentioned in previous chapters in order to measure the accessibility
values of those train stations by using the existing road network. Also, the
areas serviced around each train station were measured by using the
service area analysis technique in GIS. Therefore, this study aimed to
support the decision making. The results show the differences between
the number of people who can use the current train stations and the
number of people who would be able to use the new train stations. Also,
the results show the difference between the areas covered (2 km around
each station) by the current and new train stations where people can take
advantage of the train services within those areas.

93



10.
11.

12.

REFERENCES

Republic of Iraq (1986), "Geography of Iraq for secondary schools”,

Ministry of Education of Iraq,.

Husham S. M. (2012), "Iraq railways networks", Baghdad, Iraq, Al-

Mustansiriyah University, Almustansrria Journal.

Abdul Kreem M. N. (2016), “Iraq railways system”, Republic of Iraq,
Ministry of Transportation, Iraq Railways Company, Vol. 2.1.

Metric Conversions website (2017), “An average person’s walking speed”,
www.echocredits.org/downloads/2051055/With%2Bmy%2Bwalk.pdf, pp. 1
2.

Abdul W. Al-K., Somaia B. E. (2007), “Basic country data”, Consultative
Meeting, Baghdad, Irag.

Ministry of Oil in Iraq (2016), “Average fuel consumption in Iraq”, Journal
of Iragi Oil Company, Al-Wasat Branch, Baghdad, Vol. 45690, p. 22.
Friends of the Earth (2000), “Why travelling by rail is better for the
environment”, Friends of the Ereath, vol. 281681, pp. 1-2.

McClellan, J. (2007), “Railroad capacity issues”, National Academy of
Science, New York, pp. 1-6.

National Association of Railroad Passengers (2011), “The benefits of
passenger trains”, Washington, vol. 505, pp. 1-2.

CEHI (2009), “Network analysis tools”, GIS Analysis 3, Texas.

Guler Hakan, Akad Murat, Ergun Murat. (2004), “Railway asset
management system in Turkey: a GIS application”, Athens, Greece, vol.
TS20.3, pp. 1-10.

ESRI (2003), “GIS solutions for railroads”, ESRI Press, Redlands,
California, vol. GS-35F-5086H, pp. 1-8.

94



13. Heywood lan., Cornelius Sarah., Carver Steve . (2006), “An introduction
to geographical information systems”, third edition, Mateu-Cromo, Graficas,
Spain.

14. ESRI (2012), “What is GIS?”, ESRI Press, Redlands, California, vol.
G53699, pp. 1-64.

15. MURAYAMA Yuji, ESTOQUE Ronald C. (2010), “Fundamentals of
geographic information system”, University of Tsukuba, Japan, pp. 1-18.
16. Haitham L. H. (2014), “Using Dijkstra algorithm in calculating alternative

shortest paths for public transportation with transfers and walking”, Master’s
thesis, Cankaya University, Ankara, Turkey.

17. Maras H.H. (2016), GIS Lecture Notes, Cankaya University, Turkey.

18. Otto H., Rolf A. (2009), “Principles of GIS”, International Institute for GIS,
Netherlands.

19. ESRI (2010),” Network analyst tutorial”, ESRI Press, USA, vol. 01, pp. 105—
1109.

20. Sjimmie D. (2012), “Towards a GIS based method for ridership forecasting
for newly planned train stations in The Netherlands”, Institute for
Geographical Information Management and Applications, Netherlands, vol.
1.

21. Dongwei Q., Qinghuai L. (2009), “Locating high-speed rail using ant
algorithm”, IEEE, Beijing Jiaotong University, China, vol. 978-1-4244-4994-
1, pp. 14.

22. Rong W., Yingjie W., Hongsheng Li., Zhuoyuan Yu. (2010), “GIS-based
study on the relationship between accessibility and population distribution”,
IEEE, Beijing, China, vol. 978-1-4244- 7618-3, p. 1.

23. Qingming Z. , Xingang Z., Yinghui X. (2012), “Quantitative approaches for
walking accessibility of metro stations”, IEEE, Research Center for Digital
City, Wuhan University, China, vol. 978-1-4673-4906-2, pp. 1-7.

24. Liu Lihong (2016), “How does rail transit promote the sustainable
development of Beijing metropolitan area?”, IEEE, Beijing Jiaotong
University, China, vol. 978-1-5090-1105-6, pp. 4-7.

25. Gaurav Kantesh K., Kumar Mukesh, Sinph Balwinder. (2016), “(WBMS)
a dedicated approach for railway network”, IEEE International Conference on

95



26.

27.

28.

29.

30.

31.

32.

33.

34.

Recent Trends in Electronics Information Communication Technology, India,
vol. 978-1-5090-0774-5., pp. 1-2.

Quinn Pete. (2012), “Road density as a proxy for population density in
regional-scale risk modeling”, Nat Hazards, Canada, vol. 11069-012-0379-y,
pp. 3-5.

Diaz Roderick B., Allen Booz., Hamilton Inc. (1999), “Impacts of rail
transit on property values”, Partnering Business and Community
Development, Mclean, Virginia, vol. 3, pp. 2-7.

Ahsan Hasib M. (2001), “Station domain and GIS in traffic demand
forecasting for urban railways planning”, The Institution of Engineering,
Bangladesh, vol. CE29, pp. 1-6.

AASHTO GIS for Transportation Symposium (2010), “GIS network
analysis for finding the potential metro rail ridership by access modes in los
angeles county”, Geography and Urban Analysis Department, California
State University, Los Angeles, pp. 7-20.

Thevenin Thomas, Mimeur Christophe, Schwartz Robert, Sapet Loic.
(2016), “Measuring one century of railway accessibility and population
change in France. A historical GIS approach”, Elsevier Journal, University of
Bourgogne, France, vol. 56.

Samanah Seyedi-S. (2014), “Schematic representation of the geographical
railway network used by the Swedish Transport Administration”, Thesis in
Geographical Information Systems, Lund University, Sweden, pp. 24-36.
Debrezion Ghebreegziabiher, Pels Eric, Rietveld Piet. (2007), “The impact
of railway stations on residential and Commercial Property Value a meta-
analysis”, University of Amsterdam, The Netherlands, vol. s11146-007, pp.
5-8.

De Luca Mario, Dell’Acqua Gianluca, Lamberti Renato. (2012), “High-
speed rail track design using GIS and multi-criteria analysis”, 15th Meeting
of the EURO Working Group on Transportation, University of Napoli
Federico, Italy, vol. 54.

Wei Xie. (1696), “Using GIS technology for railways design and

management”, University of Southwest Jiaotong, China, vol. 610031.

96



35.

36.

37.

38.

39.

40.
41.

ESRI (2017), “The ArcGIS help library”, ArcGIS10.2, ESRI website,
Download date: 20 March, 2017.

ESRI (2012), “ArcGIS 10.2 projected coordinate system tables”, ESRI Press,
USA, vol. 10.1, p. 13.

J.C. Gibbings (2011), “Dimensional Analysis”, University of Liverpool,
London, vol. Part IV, p .6.

Paul Z. (2011), “Python Scripting for ArcGIS”, Department of Geography,
University of New Mexico, USA.

ESRI (2009), “Introduction to programming ArcObjects using the
Microsoft® NET framework”, ESRI Press, USA, vol.2.1.

ESRI (2013), “ArcGIS Runtime SDK for .NET”, ESRI Press, USA.

ESRI (2009), “A complete and integrated server GIS”, ArcGIS® Server,
California, USA.

97



APPENDIX A

The Code of the new tools, which were programmed on top of
ArcMap by using ASP.Net (C#) programming language

Define the New Toolbar with its Tools
using System;

using System.Collections.Generic;
using System.Text;

using System.Runtime.InteropServices;
using ESRI.ArcGIS.ADF.CATIDs;
using ESRI.ArcGIS.ADF.BaseClasses;

namespace arcobjecthayderl

{
[Guid("9a33becc-f17f-4311-9918-e3dd47a575f5")]

[ClassInterface(ClassInterface Type.None)]
[Progld(*arcobjecthayderl.hayderToolbarl™)]
public sealed class hayderToolbarl : BaseToolbar

{
#region COM Registration Function(s)

[ComRegisterFunction()]
[ComVisible(false)]
static void RegisterFunction(Type registerType)

{
¥

[ComUnregisterFunction()]
[ComVisible(false)]
static void UnregisterFunction(Type registerType)

{
¥

private static void ArcGISCategoryRegistration(Type registerType)
{
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string regKey =
string.Format("HKEY_CLASSES_ROOT\CLSID\\{{{0}}}",
registerType.GUID);

MxCommandBars.Register(regKey);

}

private static void ArcGISCategoryUnregistration(Type
registerType)
{
string regKey =
string.Format("HKEY_CLASSES_ROOT\CLSID\\{{{0}}}",
registerType.GUID);
MxCommandBars.Unregister(regKey);

}
public hayderToolbarl()

{
// Add three the tools to the toolbar
Addltem("arcobjecthayderl.hayderCommandl™);
Addltem("arcobjecthayderl.hayderCommand2™);
Addltem("arcobjecthayderl.newstation™);
//AddItem("hayderForm1.cs");

}

public override string Caption
{
get
{
/ITODO: Replace bar caption
return "IRAQ Railways Tool";

}
}
public override string Name
{
get
{
/ITODO: Replace bar ID
return "hayderToolbarl";

¥
¥
¥

99



¥
The First Tool to Change the Application Name and Show the Help for

the New Tools

using System;

using System.Drawing;

using System.Runtime.InteropServices;
using ESRI.ArcGIS.ADF.BaseClasses;
using ESRI.ArcGIS.ADF.CATIDs;
using ESRI.ArcGIS.Framework;

using ESRI.ArcGIS.ArcMapUl,

using System.Windows.Forms;

namespace arcobjecthayderl

{

[Guid("320583ca-a30b-4d27-ba50-2ec789b57974™)]
[ClassInterface(ClassInterface Type.None)]
[Progld("arcobjecthayderl.hayderCommandl™)]
public sealed class hayderCommand1 : BaseCommand
{

#region COM Registration Function(s)

[ComRegisterFunction()]

[ComVisible(false)]

static void RegisterFunction(Type registerType)

{
¥

[ComUnregisterFunction()]
[ComVisible(false)]
static void UnregisterFunction(Type registerType)

{
¥

private static void ArcGISCategoryRegistration(Type registerType)

{
string regKey =
string.Format("HKEY_CLASSES_ROOT\CLSID\\{{{0}}}",
registerType.GUID);
MxCommands.Register(regKey);
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}

private static void ArcGISCategoryUnregistration(Type
registerType)
{
string regKey =
string.Format("HKEY_CLASSES_ROOT\CLSID\\{{{0}}}",
registerType.GUID);
MxCommands.Unregister(regKey);

}

#endregion
#endregion

private IApplication m_application;
public hayderCommand1()
{
I
base.m_category = "Iraq Railways"; //localizable text
base.m_caption = "lraq Railways"; //localizable text
base.m_message = "About Iraq railways custom tool";
/llocalizable text
base.m_toolTip = "About this tool™; //localizable text
base.m_name = "hayderCommandl1_about"; //unique id, non-
localizable (e.g. "MyCategory_ ArcMapCommand")

try
{
I

string bitmapResourceName = GetType().Name + ".bmp";
base.m_bitmap = new Bitmap(GetType(),
bitmapResourceName);

}

catch (Exception ex)

{
System.Diagnostics. Trace.WriteLine(ex.Message, "Invalid
Bitmap");
¥
¥

public override void OnCreate(object hook)
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{
if (hook == null)
return;

m_application = hook as IApplication;

//Disable if it is not ArcMap
if (hook is IMxApplication)
base.m_enabled = true;

else
base.m_enabled = false;

/I TODO: Add other initialization code

}
public override void OnClick()

{
// TODO: Add hayderCommand1.0nClick implementation

MessageBox.Show(""This toolset produced by Hayder Naji. Any
user can use it to find new candinates stations.In addition, it has made by
using ASP.NET (C#) ");

m_application.Caption = "IRAQ RAILWAYS";

}

#endregion

¥
¥

Windows Form for the Second Tool to Browse between the Results
using System;

using System.Collections.Generic;

using System.ComponentModel;

using System.Data;

using System.Drawing;

using System.Ling;

using System.Text;

using System.Windows.Forms;
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using ESRI.ArcGIS.ADF.BaseClasses;
using ESRI.ArcGIS.ADF.CATIDs;
using ESRI.ArcGIS.Framework;

using ESRI.ArcGIS.ArcMapUl,

using ESRI.ArcGIS.NetworkAnalysis;
using ESRI.ArcGIS.Carto;

using ESRI.ArcGIS.Geodatabase;

namespace arcobjecthayderl

{

public partial class hayderForml : Form

{
public hayderForm1()

{
InitializeComponent();
System.Windows.Forms.ToolTip ToolTipl = new
System.Windows.Forms.ToolTip();
ToolTipl.SetToolTip(this.buttonl1l, "Show the results");
¥
private |Application m_app;
public IApplication arc_applcation
{
get
{

return m_app;

}

set

{ m_app = value; }
}
private void buttonl_Click(object sender, EventArgs €)
{
string sel = comboBox1.Selectedltem.ToString();
ILayer chosedlayer = getlay(sel);
chosedlayer.Visible = true;
IMxDocument haydermx = m_app.Document as IMxDocument;

haydermx.UpdateContents();
haydermx.ActiveView.Refresh();
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private void comboBox1_SelectedIindexChanged(object sender,
EventArgs e)
{
string sel = comboBox1.Selectedltem.ToString();
ILayer chosedlayer = getlay(sel);
IFeatureLayer hayderfl2 = (IFeatureLayer)chosedlayer;
IFeatureClass hayderfcl = hayderfl2.FeatureClass;
IFeatureCursor hayderfcur = hayderfcl.Search(null,false);
IFeature hayderifeature;
hayderifeature = hayderfcur.NextFeature();
comboBox2.ltems.Clear();
while (hayderifeature !'= null)
{
comboBox2.Items.Add(hayderifeature.OID);
hayderifeature = hayderfcur.NextFeature();

¥
¥

private void hayderForm1_Load(object sender, EventArgs e)

{

}
private void button2_Click(object sender, EventArgs €)

{
string sel =comboBox1.Selectedltem.ToString();
ILayer chosedlayer = getlay(sel);
chosedlayer.Visible = false;
IMxDocument haydermx = m_app.Document as IMxDocument;
haydermx.UpdateContents();
haydermx.ActiveView.Refresh();
}
public ILayer getlay(string h)
{
IMxDocument haydermx = m_app.Document as IMxDocument;
IMap hayderpmap = haydermx.FocusMap;
for (inti = 0; i <= hayderpmap.LayerCount - 1; i++)
{
ILayer hayderplayer = hayderpmap.get_Layer(i);
if (hayderplayer.Name == h)
return hayderplayer;

¥

return null;
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}

private void button3_Click(object sender, EventArgs e)

{

string sel = "railways";

ILayer chosedlayer = getlay(sel);

IFeatureLayerDefinition hayderfldefl =
(IFeatureLayerDefinition)chosedlayer;

hayderfldefl.DefinitionExpression = "EXS_DESCRI=
‘Operational™;
IMxDocument haydermx = m_app.Document as IMxDocument;

haydermx.UpdateContents();
haydermx.ActiveView.Refresh();
IFeatureLayer hayderfl2 = (IFeatureLayer)chosedlayer;
IFeatureClass hayderfcl = hayderfl2.FeatureClass;
IQueryFilter haydergf = new QueryFilter();
haydergf.WhereClause="EXS_DESCRI="Operational™;
IFeatureCursor hayderfcur = hayderfcl.Search(hayderqf, false);
IFeature hayderifeature;
hayderifeature = hayderfcur.NextFeature();
comboBox2.ltems.Clear();
while (hayderifeature !'= null)
{
int filed1 = hayderifeature.Fields.FindField("admin2Name");
/Istring namel = hayderifeature.Value(filed1.ToString());
comboBox2.Items.Add(hayderifeature.Value[filed1]. ToString());

hayderifeature = hayderfcur.NextFeature();

}
haydermx.UpdateContents();

haydermx.ActiveView.Refresh();
/lcomboBox2.1tems.Clear();

¥
private void button4_Click(object sender, EventArgs e)

{
string sel = "railways";
ILayer chosedlayer = getlay(sel);
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IFeatureLayerDefinition hayderfldefl =

(IFeatureLayerDefinition)chosedlayer;
hayderfldefl.DefinitionExpression = "EXS_DESCRI= 'Under

Construction™;

IMxDocument haydermx = m_app.Document as IMxDocument;

haydermx.UpdateContents();

haydermx.ActiveView.Refresh();

IFeatureLayer hayderfl2 = (IFeatureLayer)chosedlayer;

IFeatureClass hayderfcl = hayderfl2.FeatureClass;

IQueryFilter hayderqgf = new QueryFilter();

haydergf.WhereClause = "EXS_DESCRI= 'Under Construction"’;

IFeatureCursor hayderfcur = hayderfcl.Search(hayderqf, false);

IFeature hayderifeature;

hayderifeature = hayderfcur.NextFeature();

comboBox2.Items.Clear();

while (hayderifeature !'= null)

{
int filed1 = hayderifeature.Fields.FindField(*admin2Name");

comboBox2.Items.Add(hayderifeature.Value[filed1]. ToString());
/I comboBox2.1tems.Add(hayderifeature.OID);
hayderifeature = hayderfcur.NextFeature();

}

haydermx.UpdateContents();
haydermx.ActiveView.Refresh();

}

private void button5_Click(object sender, EventArgs e)
{
string sel = "railways";
ILayer chosedlayer = getlay(sel);
IFeatureLayerDefinition hayderfldefl =
(IFeatureLayerDefinition)chosedlayer;

hayderfldefl.DefinitionExpression = "EXS_DESCRI=
‘Unexamined/Unsurveyed™;

IMxDocument haydermx = m_app.Document as IMxDocument;

haydermx.UpdateContents();

haydermx.ActiveView.Refresh();

IFeatureLayer hayderfl2 = (IFeatureLayer)chosedlayer;
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IFeatureClass hayderfcl = hayderfl2.FeatureClass;
IQueryFilter hayderqgf = new QueryFilter();
haydergf.WhereClause = "EXS_DESCRI=

‘Unexamined/Unsurveyed™;
IFeatureCursor hayderfcur = hayderfcl.Search(hayderqf, false);
IFeature hayderifeature;
hayderifeature = hayderfcur.NextFeature();
comboBox2.ltems.Clear();
while (hayderifeature !'= null)

{
int filed1 = hayderifeature.Fields.FindField("admin2Name");

comboBox2.Items.Add(hayderifeature.Value[filed1]. ToString());
/lcomboBox2.1tems.Add(hayderifeature.OID);
hayderifeature = hayderfcur.NextFeature();
¥
/lcomboBox2.1tems.Clear();
haydermx.UpdateContents();
haydermx.ActiveView.Refresh();

}
private void button6_Click(object sender, EventArgs €)

{

string sel = "railways";

ILayer chosedlayer = getlay(sel);

IFeatureLayerDefinition hayderfldefl =
(IFeatureLayerDefinition)chosedlayer;

hayderfldefl.DefinitionExpression = ",

IMxDocument haydermx = m_app.Document as IMxDocument;

chosedlayer.Visible = true;

haydermx.UpdateContents();

haydermx.ActiveView.Refresh();

¥

private void button7_Click(object sender, EventArgs €)

{

string sel = "Current_Stations™;
ILayer chosedlayer = getlay(sel);

IFeatureLayerDefinition hayderfldefl =
(IFeatureLayerDefinition)chosedlayer;
hayderfldefl.DefinitionExpression = "POP >=" +

comboBox3.Text;
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IMxDocument haydermx = m_app.Document as IMxDocument;
chosedlayer.Visible = true;
IFeatureLayer hayderfl2 = (IFeatureLayer)chosedlayer;
IFeatureClass hayderfcl = hayderfl2.FeatureClass;
IQueryFilter hayderqgf = new QueryFilter();
haydergf.WhereClause = "POP >=100000";
IFeatureCursor hayderfcur = hayderfcl.Search(hayderqf, false);
IFeature hayderifeature;
hayderifeature = hayderfcur.NextFeature();
comboBox2.ltems.Clear();
while (hayderifeature = null)
{
comboBox2.Items.Add(hayderifeature.OID);
hayderifeature = hayderfcur.NextFeature();
}
haydermx.UpdateContents();
haydermx.ActiveView.Refresh();
haydermx.UpdateContents();
haydermx.ActiveView.Refresh();
b

private void button8_Click(object sender, EventArgs e)
{
string sel = "Current_Stations";
ILayer chosedlayer = getlay(sel);
IFeatureLayerDefinition hayderfldefl =
(IFeatureLayerDefinition)chosedlayer;

hayderfldefl.DefinitionExpression = "POP <" +comboBox3.Text;
IMxDocument haydermx = m_app.Document as IMxDocument;
chosedlayer.Visible = true;
IFeatureLayer hayderfl2 = (IFeatureLayer)chosedlayer;
IFeatureClass hayderfcl = hayderfl2.FeatureClass;
IQueryFilter haydergf = new QueryFilter();
hayderqgf.WhereClause = "POP < 100000";
IFeatureCursor hayderfcur = hayderfcl.Search(hayderqf, false);
IFeature hayderifeature;
hayderifeature = hayderfcur.NextFeature();
comboBox2.Items.Clear();
while (hayderifeature != null)
{

comboBox2.Items.Add(hayderifeature.OID);

hayderifeature = hayderfcur.NextFeature();

}
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haydermx.UpdateContents();
haydermx.ActiveView.Refresh();

}

private void button9_Click(object sender, EventArgs e)
{
string sel = "Current_Stations";
ILayer chosedlayer = getlay(sel);
IFeatureLayerDefinition hayderfldefl =
(IFeatureLayerDefinition)chosedlayer;
hayderfldefl.DefinitionExpression =",
IMxDocument haydermx = m_app.Document as IMxDocument;
chosedlayer.Visible = true;
haydermx.UpdateContents();
haydermx.ActiveView.Refresh();

}

private void button10_Click(object sender, EventArgs e)

{
string sel = "befor_served";
ILayer chosedlayer = getlay(sel);
IFeatureLayerDefinition hayderfldefl =

(IFeatureLayerDefinition)chosedlayer;
hayderfldefl.DefinitionExpression =",
IMxDocument haydermx = m_app.Document as IMxDocument;
chosedlayer.Visible = true;
IFeatureLayer hayderfl2 = (IFeatureLayer)chosedlayer;
IFeatureClass hayderfcl = hayderfl2.FeatureClass;
IQueryFilter hayderqgf = new QueryFilter();
haydergf.WhereClause = """
IFeatureCursor hayderfcur = hayderfcl.Search(hayderqf, false);
IFeature hayderifeature;
hayderifeature = hayderfcur.NextFeature();
comboBox2.Items.Clear();
while (hayderifeature !'= null)
{
comboBox2.ltems.Add(hayderifeature.OID);
hayderifeature = hayderfcur.NextFeature();

}
haydermx.UpdateContents();
haydermx.ActiveView.Refresh();

}
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private void button11_Click(object sender, EventArgs e)
{
string sel = "after_served";
ILayer chosedlayer = getlay(sel);
IFeatureLayerDefinition hayderfldefl =
(IFeatureLayerDefinition)chosedlayer;
hayderfldefl.DefinitionExpression =",
IMxDocument haydermx = m_app.Document as IMxDocument;
chosedlayer.Visible = true;
IFeatureLayer hayderfl2 = (IFeatureLayer)chosedlayer;
IFeatureClass hayderfcl = hayderfl2.FeatureClass;
IQueryFilter hayderqgf = new QueryFilter();
haydergf.WhereClause = """
IFeatureCursor hayderfcur = hayderfcl.Search(hayderqf, false);
IFeature hayderifeature;
hayderifeature = hayderfcur.NextFeature();
comboBox2.ltems.Clear();
while (hayderifeature != null)
{
comboBox2.Items.Add(hayderifeature.OID);
hayderifeature = hayderfcur.NextFeature();
}
haydermx.UpdateContents();
haydermx.ActiveView.Refresh();

}

private void button12_Click(object sender, EventArgs e)
{

string sel = "cand_stations";

ILayer chosedlayer = getlay(sel);

IFeatureLayerDefinition hayderfldefl =
(IFeatureLayerDefinition)chosedlayer;

hayderfldefl.DefinitionExpression = "";

IMxDocument haydermx = m_app.Document as IMxDocument;

chosedlayer.Visible = true;

IFeatureLayer hayderfl2 = (IFeatureLayer)chosedlayer;

IFeatureClass hayderfcl = hayderfl2.FeatureClass;

IQueryFilter haydergf = new QueryFilter();

hayderqf.WhereClause = "";
IFeatureCursor hayderfcur = hayderfcl.Search(hayderqf, false);
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IFeature hayderifeature;
hayderifeature = hayderfcur.NextFeature();
comboBox2.Items.Clear();
while (hayderifeature !'=null)
{
comboBox2.Items.Add(hayderifeature.OID);
hayderifeature = hayderfcur.NextFeature();
}
haydermx.UpdateContents();
haydermx.ActiveView.Refresh();

¥
private void button13_Click(object sender, EventArgs e)

{
/IpopulationPer_Roads.shp
string sel = "populationPer_Roads";
ILayer chosedlayer = getlay(sel);

IFeatureLayerDefinition hayderfldefl =
(IFeatureLayerDefinition)chosedlayer;

hayderfldefl.DefinitionExpression = "";
IMxDocument haydermx = m_app.Document as IMxDocument;
chosedlayer.Visible = true;
IFeatureLayer hayderfl2 = (IFeatureLayer)chosedlayer;
IFeatureClass hayderfcl = hayderfl2.FeatureClass;
IQueryFilter hayderqgf = new QueryFilter();
haydergf.WhereClause = "";
IFeatureCursor hayderfcur = hayderfcl.Search(hayderqf, false);
IFeature hayderifeature;
hayderifeature = hayderfcur.NextFeature();
comboBox2.Items.Clear();
while (hayderifeature !'= null)
{

comboBox2.Items.Add(hayderifeature.OID);

hayderifeature = hayderfcur.NextFeature();
¥
haydermx.UpdateContents();
haydermx.ActiveView.Refresh();

¥
private void button14 Click(object sender, EventArgs €)

{

/[service_area
string sel = "service_area"™;
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ILayer chosedlayer = getlay(sel);
IFeatureLayerDefinition hayderfldefl =
(IFeatureLayerDefinition)chosedlayer;

hayderfldefl.DefinitionExpression =",
IMxDocument haydermx = m_app.Document as IMxDocument;
chosedlayer.Visible = true;
IFeatureLayer hayderfl2 = (IFeatureLayer)chosedlayer;
IFeatureClass hayderfcl = hayderfl2.FeatureClass;
IQueryFilter hayderqgf = new QueryFilter();
haydergf.WhereClause = "";
IFeatureCursor hayderfcur = hayderfcl.Search(hayderqf, false);
IFeature hayderifeature;
hayderifeature = hayderfcur.NextFeature();
comboBox2.Items.Clear();
while (hayderifeature !'= null)
{

comboBox2.ltems.Add(hayderifeature.OID);

hayderifeature = hayderfcur.NextFeature();
¥
haydermx.UpdateContents();
haydermx.ActiveView.Refresh();

}

private void button15_Click(object sender, EventArgs €)
{
/N\cand_served_area.shp
string sel = "cand_served_area";
ILayer chosedlayer = getlay(sel);
IFeatureLayerDefinition hayderfldefl =
(IFeatureLayerDefinition)chosedlayer;
hayderfldefl.DefinitionExpression =",
IMxDocument haydermx = m_app.Document as IMxDocument;
chosedlayer.Visible = true;
IFeatureLayer hayderfl2 = (IFeatureLayer)chosedlayer;
IFeatureClass hayderfcl = hayderfl2.FeatureClass;
IQueryFilter hayderqgf = new QueryFilter();
haydergf.WhereClause = "";
IFeatureCursor hayderfcur = hayderfcl.Search(haydergf, false);
IFeature hayderifeature;
hayderifeature = hayderfcur.NextFeature();
comboBox2.Items.Clear();
while (hayderifeature !'= null)
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{
comboBox2.Items.Add(hayderifeature.OID);

hayderifeature = hayderfcur.NextFeature();
}
haydermx.UpdateContents();
haydermx.ActiveView.Refresh();

}
private void button16_Click(object sender, EventArgs e)

{
string sel = "cities_Pop";
ILayer chosedlayer = getlay(sel);
IFeatureLayerDefinition hayderfldefl =
(IFeatureLayerDefinition)chosedlayer;
hayderfldefl.DefinitionExpression =",
IMxDocument haydermx = m_app.Document as IMxDocument;
chosedlayer.Visible = true;
IFeatureLayer hayderfl2 = (IFeatureLayer)chosedlayer;
IFeatureClass hayderfcl = hayderfl2.FeatureClass;
IQueryFilter haydergf = new QueryFilter();
haydergf.WhereClause = """
IFeatureCursor hayderfcur = hayderfcl.Search(hayderqf, false);
IFeature hayderifeature;
hayderifeature = hayderfcur.NextFeature();
comboBox2.Items.Clear();
while (hayderifeature !'= null)
{
comboBox2.ltems.Add(hayderifeature.OID);
hayderifeature = hayderfcur.NextFeature();
}
haydermx.UpdateContents();
haydermx.ActiveView.Refresh();

¥
private void button17_Click(object sender, EventArgs €)

{

m_app.PrintDocument();

}
private void button18_Click(object sender, EventArgs e)

{

m_app.PrintPreview();

¥
private void radioButtonl_CheckedChanged(object sender,

EventArgs e)
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{
radioButton2.Checked = false;

radioButton3.Checked = false;

if (radioButtonl.Checked == true)

{
button3.Visible = true;
button4.Visible = true;
button5.Visible = true;
button6.Visible = true;
button7.Visible = false;
button8.Visible = false;
button10.Visible = false;
button11.Visible = false;
button13.Visible = false;

}

}
private void radioButton2_CheckedChanged(object sender,

EventArgs e)
{

radioButtonl.Checked = false;

radioButton3.Checked = false;

if (radioButton2.Checked == true)

{
button7.Visible = true;
button8.Visible = true;
button10.Visible = true;
buttonl1l.Visible = true;
button13.Visible = true;
button3.Visible = false;
button4.Visible = false;
button5.Visible = false;
button6.Visible = false;
button9.Visible = false;
button12.Visible = false;
button14.Visible = false;
button15.Visible = false;
button16.Visible = false;

¥
¥

private void radioButton3_CheckedChanged(object sender,
EventArgs e)
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{
radioButton1.Checked = false;

radioButton2.Checked = false;

if (radioButton3.Checked == true)

{
button9.Visible = true;
button12.Visible = true;
button14.Visible = true;
button15.Visible = true;
button16.Visible = true;
button3.Visible = false;
button4.Visible = false;
button5.Visible = false;
button6.Visible = false;
button7.Visible = false;
button8.Visible = false;
button10.Visible = false;
button11.Visible = false;
button13.Visible = false;

¥
¥
¥

Second Tool to hide, show, browse, present records for Results
using System;

using System.Drawing;

using System.Runtime.InteropServices;
using ESRI.ArcGIS.ADF.BaseClasses;
using ESRI.ArcGIS.ADF.CATIDs;
using ESRI.ArcGIS.Framework;

using ESRI.ArcGIS.ArcMapUl;

using ESRI.ArcGIS.NetworkAnalysis;
using ESRI.ArcGIS.Carto;

using System.Windows.Forms;

namespace arcobjecthayderl

{

[Guid("5d304122-2f9e-4b02-a346-2d0b271f2703")]
[ClassInterface(ClassInterface Type.None)]
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[Progld("arcobjecthayderl.hayderCommand2")]
public sealed class hayderCommand2 : BaseCommand

{
#region COM Registration Function(s)

[ComRegisterFunction()]
[ComVisible(false)]
static void RegisterFunction(Type registerType)

{
¥

[ComUnregisterFunction()]
[ComVisible(false)]
static void UnregisterFunction(Type registerType)

{
¥

private static void ArcGISCategoryRegistration(Type registerType)

{
string regKey =
string.Format("HKEY_CLASSES_ROOT\CLSID\\{{{0}}}",
registerType.GUID);
MxCommands.Register(regKey);

}

private static void ArcGISCategoryUnregistration(Type
registerType)
{
string regKey =
string.Format("HKEY _CLASSES_ROOT\CLSID\\{{{0}}}",
registerType.GUID);
MxCommands.Unregister(regKey);

}

#endregion
#endregion

private IApplication m_application;
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public hayderCommand2()
{

base.m_category = "IRAQ Railways"; //localizable text

base.m_caption = "lraq Railways "; //localizable text

base.m_message = "You can show layers with some queries in
this tool"; //localizable text

base.m_toolTip = "Show data"; //localizable text

base.m_name = "hayderCommandl_showdata™; //unique id, non-
localizable (e.g. "MyCategory_ArcMapCommand")

try
{

string bitmapResourceName = GetType().Name + ".bmp";
base.m_bitmap = new Bitmap(GetType(),
bitmapResourceName);

}

catch (Exception ex)
{
System.Diagnostics. Trace.WriteLine(ex.Message, "Invalid
Bitmap");
}
¥

#region Overridden Class Methods

public override void OnCreate(object hook)

{
if (hook == null)
return;

m_application = hook as IApplication;

//Disable if it is not ArcMap
if (hook is IMxApplication)
base.m_enabled = true;

else
base.m_enabled = false;
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public override void OnClick()
{
hayderForm1 hayderviewer = new hayderForm1();
hayderviewer.arc_applcation = m_application;
hayderviewer.Show();
IMxDocument haydermx = m_application.Document as
IMxDocument;

IMap hayderpmap = haydermx.FocusMap;
//NLayer hayderplayer = hayderpmap.get_Layer(0);
//hayderviewer.comboBox1.ltems.Add(hayderplayer.Name);

for (int i = 0; i <= hayderpmap.LayerCount - 1;i++)

{
ILayer hayderplayer = hayderpmap.get_Layer(i);
hayderviewer.comboBox1.Items.Add(hayderplayer.Name);

¥
// TODO: Add hayderCommand2.0nClick implementation

}
#endregion
}

}
Windows Form for the Third Tool to Add New Station

using System;

using System.Drawing;

using System.Runtime.InteropServices;
using ESRI.ArcGIS.ADF.BaseClasses;
using ESRI.ArcGIS.ADF.CATIDs;
using ESRI.ArcGIS.Framework;

using ESRI.ArcGIS.ArcMapUl;

using System.Windows.Forms;

using ESRI.ArcGIS.Carto;

using ESRI.ArcGIS.Geometry;

using ESRI.ArcGIS.Geodatabase;
using ESRI.ArcGIS.NetworkAnalysis;

namespace arcobjecthayderl

{
[Guid("c7b79¢cd7-0130-4462-9daf-e38cd0181b7e™)]

[ClassInterface(ClassInterface Type.None)]
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[Progld("arcobjecthayderl.newstation™)]
public sealed class newstation : BaseTool
{
#region COM Registration Function(s)
[ComRegisterFunction()]
[ComVisible(false)]
static void RegisterFunction(Type registerType)

{
¥

[ComUnregisterFunction()]
[ComVisible(false)]
static void UnregisterFunction(Type registerType)
{
}
private static void ArcGISCategoryRegistration(Type registerType)
{
string regKey =
string.Format("HKEY_CLASSES_ROOT\CLSID\\{{{0}}}",
registerType.GUID);
MxCommands.Register(regKey);

}

private static void ArcGISCategoryUnregistration(Type
registerType)
{
string regKey =
string.Format("HKEY_CLASSES_ROOT\CLSID\\{{{0}}}",
registerType.GUID);
MxCommands.Unregister(regKey);

¥

private IApplication m_application;
public newstation()
{
base.m_category = "IRAQ RAILWAYS new_station";
/llocalizable text
base.m_caption = "create new stations"; //localizable text
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base.m_message = "you can chose a good place and click to add a
new postion for a new station with buffer (10 KM) around it to see the
area that will be served with the new station "; //localizable text

base.m_toolTip = "use this tool to add a new station™;
/llocalizable text

base.m_name = "newstation"; //unique id, non-localizable (e.g.
"MyCategory_ArcMapTool")

try

{

string bitmapResourceName = GetType().Name + ".bmp";
base.m_bitmap = new Bitmap(GetType(),
bitmapResourceName);
base.m_cursor = new
System.Windows.Forms.Cursor(GetType(), GetType().Name + ".cur");
}

catch (Exception ex)
{
System.Diagnostics. Trace.WriteLine(ex.Message, "Invalid
Bitmap");
}
}

public override void OnCreate(object hook)

{

m_application = hook as IApplication;

//Disable if it is not ArcMap
if (hook is IMxApplication)
base.m_enabled = true;

else
base.m_enabled = false;

¥

public override void OnClick()

{
¥

public override void OnMouseUp(int Button, int Shift, int X, int Y)

{
/I MessageBox.Show("x="+ (X)+"\n"+ "y="+ (Y));
IMxDocument haydermxstation = m_application.Document as
IMxDocument;
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IPoint haydernewpoint =
haydermxstation.ActivatedView.ScreenDisplay.DisplayTransformation.T
oMapPoint(X, Y);

MessageBox.Show("X: " + haydernewpoint. X + "\n" + "Y: " +
haydernewpoint.Y);
string testlayer = "new_stations";
string testlayerl = "buffer_Pop_Around_Street";
IFeatureLayer haydernewstationfl =(IFeatureLayer)
getlay(testlayer);
IFeatureClass haydernewstationfcl =
haydernewstationfl.FeatureClass;
IDataset haydernewdata =(IDataset) haydernewstationfcl;
IWorkspace hayderwork = haydernewdata.\Workspace;
IWorkspaceEdit hayderworkedit =(IWorkspaceEdit) hayderwork;
hayderworkedit.StartEditing(true);
addstationform addnewhayder = new addstationform();
addnewhayder.ShowDialog();
hayderworkedit.StartEditOperation();
IFeature hayderaddf = haydernewstationfcl.CreateFeature();
ITopologicalOperator haydertop =
(ITopologicalOperator)haydernewpoint;
IGeometry hayderbuff = (IGeometry)haydertop.Buffer(10000);
hayderaddf.Shape = haydernewpoint;
haydernewpoint.ConstrainDistance(100000, haydernewpoint);
hayderaddf.Value[hayderaddf.Fields.FindField("admin2Name")]
= addnewhayder.textBox1.Text;
hayderaddf.Value[hayderaddf.Fields.FindField("admin1Name")]
= addnewhayder.textBox2.Text;
hayderaddf.Value[hayderaddf.Fields.FindField("prov")] =
addnewhayder.comboBox1.Selectedltem;
hayderaddf.Value[hayderaddf.Fields.FindField("x™)] =
haydernewpoint.X;
hayderaddf.Value[hayderaddf.Fields.FindField(*"y™)] =
haydernewpoint.Y;
hayderaddf.Store();
addnewhayder.Visible = false;
hayderworkedit.StopEditOperation();
/IGraphics hh= addnewhayder.CreateGraphics();
/I hh.DrawPolygon(*'red",
hayderworkedit.StopEditing(true);
haydermxstation.ActiveView.Refresh();
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}

#endregion
public ILayer getlay(string h)
{
IMxDocument haydermx = m_application.Document as
IMxDocument;
IMap hayderpmap = haydermx.FocusMap;
for (inti = 0; i <= hayderpmap.LayerCount - 1; i++)
{
ILayer hayderplayer = hayderpmap.get_Layer(i);
if (hayderplayer.Name == h)
return hayderplayer;
b
return null;
¥
hy
}

Add New Station by Clicking on the Screen

using System;

using System.Collections.Generic;
using System.ComponentModel;

using System.Data;

using System.Drawing;

using System.Ling;

using System.Text;

using System.Windows.Forms;

using ESRI.ArcGIS.Geometry;

using ESRI.ArcGIS.Geodatabase;
using ESRI.ArcGIS.Carto;

using System.Runtime.InteropServices;
using ESRI.ArcGIS.ADF.BaseClasses;
using ESRI.ArcGIS.ADF.CATIDs;
using ESRI.ArcGIS.Framework;

using ESRI.ArcGIS.ArcMapUl;

using ESRI.ArcGIS.NetworkAnalysis;
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namespace arcobjecthayderl

{

public partial class addstationform : Form

{
public addstationform()

{

InitializeComponent();

}

public IPoint stationlocation
{
get
{return stationlocation;}
set { stationlocation = value; }

}
private void addstationform_Load(object sender, EventArgs e)
{
}

private |Application m_application;
public ILayer getlay(string h)
{
IMxDocument haydermx = m_application.Document as
IMxDocument;
IMap hayderpmap = haydermx.FocusMap;
for (inti = 0; i <= hayderpmap.LayerCount - 1; i++)
{
ILayer hayderplayer = hayderpmap.get_Layer(i);
if (hayderplayer.Name == h)
return hayderplayer;

}

return null;

¥
private void buttonl_Click_1(object sender, EventArgs e)

{

addstationform.ActiveForm.Close();
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