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Abstract

The project amms to build a roads network for" Yatta City" using network analvst on
Arc(iTS software to use the results in Planning and build services w the cily and
planming travel paths between city services centers such as hospitals | emergency |

police stations,

The pruject requires three stages . starts with digitizing roads network, then creatc a
database lor roads networks contains ( traffic volumes dircctions | speed limits | roads
conditions and services centers addresses ). Then, we are going to build and analyze

the network. Finally, tests will be applied to check the functionality of the network.
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Chaprer One Introduction
o A

L1 Problem definition

The recent fast development of Yatta citv, which affects the public sector economic
activities, educational sector and human resources, impose a huge stress on the streel
sctwork within the city and between the city and the surrounding cities and towns |

This mereasing demand on Yatta city streets network make it very important to cstablish a
digital network streets nelwork model as part of integrated planning strategy for Yatta eity
development plan. This will help in finding the shortest of the fastest path from point to
paint in some critical conditions or cases.

1Bbe recent development in information technology facilitate the management of different
sectors of our life. The GIS system is one of these modern database technologies, which

proved its ability in many applications |

he Idea of project came mto mind by realizing the importance of building roads network
Sor Yatta city, because of delaying of civil services such as ambulances and fire trucks to
reach aceudent position; this will be an attempt 1o use GIS to solve these problems |

1.2 Objectives
1.2.1 Main objective

“he main Objective is to build streets network of Yatla ity using ArcGIS.
1.2.2 Specific Ohjectives

I. Optimize routes for civil services departinenl i Yatla city (Ambulance, Pahice,
Fire trucks, electricity emergency).

[ 0%}

To prepare network that can be determing the best route between two points and

closes services .

Calculation of dnving time for first responder planning.

Lk




Chapter (ne Introduction

1.3 Study Area
1.3.1 Location and Topography

Yatta city is located 9 km south of Hebron city, in the southern part of the West Bank. It is
bordered by Zif and Khallet al Maiyya to the East, Ar Rihiya, Al Fawwar Camp and Wadi
25 Sada o the North, Beit 'Amra to the West, and As Samu' te the South. The total area of
Yatta town estimated to be 270,000 dunums, of which 14,000 dunums are classified as
Built up” area; whilst 115,000 dunums are agricultural area, 141,000 is forest, uncultivated,
or public land, Yatta municipality has a master plan for 24,500 dunums of town lands

Yatta ciry is located on the mountainous area south of Hebron city at an elevation of 793 m

#have the sca level, with a4 mean rainfall 303 mm, an average annual temperature of 18 “C,

and average annual humidily at 61%, the total population of Yatta city, is estimated to be
100,000 according 1o the growth rate of Yatra city which is 4.7 % .

o

Yatta City Mup

Figure 1.1 ; Yatta City Borders
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1.3.2 Streets

The plan ol existing und proposed sireets of Yatta city has been obtained from Yalia
Municipality.

1.4 Time Tahle

The time schedule shows the stages for achieving our work and the process of project
srowth that include choosing the project, problem definition, literature review, collecting
data, office works, primary preparation of introduction and final preparation of project.

Time Table for first semester (1.1)

Stage

Choosing the
project

Problem
Definition

Literature
Review

ng Data

OFTice works

ry Repori
miroduction

repurt of
‘mtroduction




Chapter One

Introduction

Time Table for Second semester (1.2)

Stage

Coding the
sirecis

Determining
Speeds

10

11

12| 13

14

15

Ih

U'pdating the
=usting network

Writing and
Editing the
report
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1.5 Methodology
The methodology of this project can summarized in the following phases -
First Phase

Data collection, this includes collection of information aboul Yatia slreets network as a
digital master plan. The data were obtamed from the engmeering department of Yatta
municipality and by field survey to determine directions, and number of paths of each
sirect sepment.

Second Phase

Digttizing the buildings of Yalta city and services centers such as Police centers, Civil

defense, hospitals, Pharmacies and centre of each street in Yartea city.
Third phase

Using the Network analysis extension and 1t's apphications; including finding the best route

for the wme needed 1o reach and point from others
L6 Project Scope

The project consists of [ive chapters as follows |
Chapter One (Introduction)

This chapter gives a general view, objectives, lterature review and importance of the

project.
Chapter Two (Geographic Information System)

This chapter covers the history of GIS, components of GIS, Tasks of GIS, Applications of
Gis.

Chapter Three ( Network)
s chapter covers the principles of Network Analysis.

Chapter Four ( Network Analyst in AreGIS 10.0).

“hus chapter covers the tvpes of networks that can be done in AreGIS.
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Chapter Five ( Data Preparation )

This chapler covers field works, office operations, ind data preparation, digitzing |
topology map and creating atiribute tables.

Chapter Six [ Test and Results )

This Chapter test network dataser and applving spanal analysis such as routmyg, finding
closest tacility and deline service area |

Chapter Seven ( Conclusion and Recommendations )

Thie chapter contain conclusion and recommendations project.
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CHAPTER TWO GEORAPHIC INFROMATION SYSTEM

2.1 Introduction to GIS

18 stands for Geographic Information Svstems, often defined as a compurerized database
management svstem for capiure, storage, retmieval, analvsis, and display of spatial data
Any data that includes mformation about location be it a strect address, zip code, census
tract, or longitude and latitude coordinates can be considered spatial. Many different tvpes
of data can be intcgrated into GIS and represented as a map laver, When these layers are
drawn on top of each other. spatial patterns and relationships often emerge. The most
common GIS product 15 2 map, bul GIS can be used (v generate answers to queries or as

part of spatial statistical analysis, *"’

GIS is not new. Since the 1960s computers have been used Lo store and process geographic
data . early examples of GIS-relaied work inelude the following ; '

e Computer mapping at the university of Edinburgh (Cppock 1988 ) , the Harvard
luboratory for computer graphics (Chrisman 1988 ) and the experimental
Cartography Unil (Rehind 1988 ) .

= Canada Land Inventory and the subsequent development of the Canada Geographic
Information System (Tomlinson 1984)

+ Publication of Jan McHarg's Design with Nature (McHarpy 1969 0 and the map

overlay method .

¢ Introduction of an wrban street network with topology i the U.S, Bureau of the
Census DIME [ Dual Independent Map Encoding ) system ( Broome and Memxler
1990),

For many years, through . GIS has heen considered to be too difficult . cxpensive and
proprictary. The advent of the praphical user interface (GUI), powerful and affordable
hardware and software and public dieital data has broadened of the range ol GIS
appheations and brought GIS 1o mainstream use.

2.2 Components of GIS

GIS consists of five key components "'
I- Hardware

2- Solware
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3- Data
4- People
5- Methods

2.2.1 Hardware

Hardware comprises the equipment needed to support the many activities needed for
geospatial analysis ranging from data eollection to data analysis. The central piece of
equipment is the workstation, which runs the GIS software and is the altachment point for
ancillary equipment. Data collection efforts can also require the use of a digitizer for
conversion of hard copy data to digital data and a GPS data logeer to collect datn m the
field. The use ol handheld feld teclmology is also hecoming an important data collection
tool in G1S.

2.1.2 Software

Different types of soflware are importanl. Cenlral Lo this is the GIS application package.
Such software is essential for creating, editing and analyzing spatial and attribute data.
Extensions or add-ons are software thal extends the capabilities of the GIS software
package. Componenl GIS soflware is the opposite of application software. Component GIS
seeks to build software applications that meet a specific purpose and thus are limited in
ther spatial analysis capabilities,

2135 Data

Data 15 the core of any GIS. There are two primary tvpes of data that are used in GIS:
wector and raster data. A geodatabase is a database that 1s in some way referenced to
Wcations on the carth. Geodatabases are grouped into two differenl types: vector and
saster. Vector data is spatial data represented as points, lines and polygons. Raster data is
well-based data such as acrial imagery and digital elevalion models. Coupled with this data
= usually data known as attribute dara. Afrmbute data generally defined as additional
wformation about each spatial feature housed in tabular format. Documentation of GIS
Etasets 15 known as metadata.

10
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Bdminstrative areas

Righte aivid (nberedty

Fite andedres ses, uiem, aned nerviction
Srnership and tay parcels

Farcel Framrnwork

Irthephote

Figure {2.1) ‘Data themes as layers ™' (Eari website, visited on 10 Oct 2013)

2,14 People

Well-ramned GIS prolessionals knowledzgeable in spatial analysis and skilled in using GIS
soliware are essential to the GIS process. There are three factors to the people component:
education, career path, and networking The right education 15 key: taking the
right combination of classes. Selecting the right type of GIS job is important. A person
highly skilled in GIS analysis should not seek a job as a GIS developer if they haven’(
taken the necessary programming classes, Finally, continnous networking with other GIS
professionals is gssential for the exchange of ideas as well as a support community.

2.2.5 Methods
A neatly conceived implementation plan and business rules are the models and operating

practices, are unigue to each orgamzation .

2.3 GIS Data Input
The two basic types of data are -

* (cometrical dala ( vector data, raster data, lopology )
» Attribute dara ( qualitative data | quantitarive data )

The methods of dala acquisition arc classified by Bill and Fritsch ;

11
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* Primary methods ( acquisition of data from the object itself )

+ Secondary methods ( data acquisition from existing analopue or digital sources )

1.53.1 Geometrical data

The primary methods of data acquisition are usually more exact and more up to data than
the secondary methods, bur they are generally more expensive than the secondary
methods. The secondary methods are usually less accurate and less actual as the primary
methods but they tend to be less expensive

The primary methods of acquisibion ol geomelrical data are the followimg:
«  Surveying
= Satellite pasitioning methods (GPS).
& Photogrammerry
« Remote sensing
The secondary methods ol acquisition of geometrical data are the [oHowings
s  Manual digitizing of analogue maps,
e  Scnning of analogue maps.

s  Tsing existing digital databases.

1.3.2 Attribate Data
The primarv methods of acquisition of attribute data are -

s  Measurements of various kind {e.g. geophysical ).
& The remote sensing

s Intervicws .

The secondary methods of acqusition of attribute data are !
¢ Using of conventional documents in registers and files |

s Compilations i seientific reports .

12
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» Data acquisition lrom existing digital databases .

2.4 Coordinute systems

A basic principle in GIS is that map layers to be used together must align spatially,
Obvious mistakes can occur if they do not. GIS users typically work with map features on
# plane . These maps features represent spatial features on the Earth's surface. The
locations of map features are based on a plane coordinate system expressed in x- and y-
coordinates, whereas the locations of spatial features on the Earth's surface are based on a
geopraphic coordinate values. A map projection bridges the two types of coordinate
svstems. The process of projection transforms the Tarthis surface to a plane, and the
outcome is a map projection, ready 10 be used for a plane or projected coordinate syslem,

0]

2.4.1 Geographic coordinate system

The geographic coordinate system 15 the location reference system for spatial features on
the Earth's surface ( Figure ). The geographic coordinate system is defined by lonpitude
and latitude. Both longitude and latirude are angular measures © longitude measures the
angie east or west from the prime meridian, and altitude measure the angle ponh or south

of equatorial planc "

Figure (2.2) . Geographic representation *'(A gentle introduction to GT5, visited on 16 Oct
2013 )

2,4.2 Projected coordinate systems

A projecied coordinate systems, also called a plane coordinate system | is built on a map
projection. Projected coordinate systems and wmap projections are often used

mterchangeably, For example, the Lambert conformal conic is a map projection bat #t can

i3
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8

also refer to a coordinate svstem. In practice, however, projected coordinate systems are
designed for detailed calculations and positioning, and are typically used m large-scale
mapping such as at scale of 1:50000. Accuracy mn a feature's location and ils relalive
position to other leatures is therelore a key consideration i the deisgn of a projected

courdinate system_ '

Figure (2.3) - Projected representation ™ (A gentle introduction to GIS, visited on 16 Oct
2013)

1.5 Map Scale

Map scale is the ration of the map distance to the corresponding ground distance. This
defimition applies the differcnt measurements units, A 1:24000 scale map can mean that a
map distance of 1 ¢m represents 24,000 em (240 m) on the ground . A1:24000 scale map
can also mean that a map distance of 1 mch represents 24 000 inches (200 feet) on the
ground. Regardless of its measurement unil, 1 24000 1s a larger map scale than 1:100,000
and a 1:24000 scale map shows more details in a smaller area than a 1:100,000 scale map.

Sceme cartopraphers considers maps with a scale of 1:24000 or larger as large-scale maps

Map scale should not be confused with spatial scale, a term commonly used in natural
resource management. Spatial seale refers to the size of'area or extent, Unlike map seale,
spatial scales 15 not nigidly defined. A large spatial scale simply means that it covers a
larger area than a small spatial scale. A large spatial scale to an ecologist 1s therefora a
small map scale to a cartographer. Map scale can be expreszed in many forms : words (a),

as a ratio (b), or as praphic or bar scale (c), ( figure 2.4) ™

13
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al {1 centimeter represents 250 meters)

m 1: 25 000

1] JRLTH] 2000 S LA 4O mieere. |

B B

Figure (2.4) : Map Scale Types " (A gentle introduction to GIS . vistted on 16 Oct 2013)
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CHAPTER THREE NETHORK ANALYSIS

3.1 Introduction

Network analysis is a special type of line analysis mvaolving a set of interconnected lines. Typical

networks include themes such as roads, streams, hiking trails, and pipelines. Metwork Analvsis

can be used to answer at least four types of questions :

1.

Address Geoending, Address geocoding is the process ol taking addresses and
estimating their locations in your GIS coordinate system. This 15 done by relating an
house address on a GIS streer view for delivery of some product, generating driving
dircctions to a given address. or displaying customer locations in a GIS view from a list
of customer addresses. Address Gencnding 15 not not available in Palestine.

Optimal Routing. Optimal routing is the process of delincating the best route 10 gol
from one location to one or more locations. The " best route " could be the shortest, the
guickest. or the most esthetic dependmg on the GIS user's preference for defimng "best".
Finding Closest Fucilities. This is a special Lype of optimal routing problem where you
are trying to find the closet points 1o a given location. Typically the pomts are called
factlities and the given location is called an event location,

Resource Allocation. Resource allocation is the allocation of the resources from supply

.
centers to customers on & network.

2.2 Optimal Routing

routing 1s the process of delineating the best route (or path] fo ger from one location o

or more locations. It is not uswally feasible to test all possible paths that exist in a network.

a path findmg algorithm is used,

&nd the quickest path of the followmg network of hiking trails to get from node 1 (trailhead)
sode 7 (tent site). The time to hike each trml varies depending upon tra1l conditions, Trails

6 are relatively quick hikes.

17
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Table (3.1): Trails names and their estimated time

Trail Name Estimated Hiking Time (Minutes)
Moose Trail 15
Lower Meadow 20
Upped Meadow 20
Taiga Trail 10
Upper Tundm 5
Lower Tundra 5
Eagle Pass 30
Rocky Trail 40
Fire Line 10
Duck Trail 30
Glacier Trail a0
Becky's Trail 10

Figure (3.1): Trails distribution " (Practical G135 analysis)

Step 1
Building two tables, one of nodes that have already been processed, and one of adjacent nodes

10 process. We start al the wrailhead, node#1:

18
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* &
Table (3.2): Processed Nodes 1
“ade Cumulative Cost Previous Node
1 0 none
Table(3.3) :Adjacent Nodes |
Mode Cumulative Cost Previous Node
2 15 |
4 10 |
Step 2

Pick the adjacent node with the least cumulative cost which is hiking to node/d. and add it to the
processed nodes List.

3

Table (2.4); Processed Nodes |

Node Cumulative Cost Previous Node
1 D nong
4 10 |

Table (3.5): Adjacent Nodes 2

Node Cumulative Cost Previous Node

2 15 |

the nodes adjavent to your latest processed noede (4), and add them to the Adjacent Wodes
Thera are 3 nodes adjacent to node#4 and they're: 1, 3, and 7. Node#] is already in the

sed nodes list, we exclude it from the adjacant nodes list. The cumulative ¢ost for nodes3
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is the cost of hiking to node#4 (10 minutes), plus the cost of hiking from node#d to node#3 (10
minutes), The cumulative cost to get to node#? is 10 punutes + 30 minutes,

Table (2.6). Adjacent Nodes 3

Node Cumulative Cost  Previous hode
2 15 1
3 20 4
T 40 4

Step 4

We then pick the adjacent node with the least cumulative cost (nodei2 with a cost of 15), md
add it to the processed nodes list.

Tahla (1.7) Processed Nodes 2

Node Cumulative Cost  Previous Node
1 0 None

4 10 |

2 15 1

S¢an the nodes adjacent to vour latest processed node (2) and add them to the Adjacent Nodes
4=i The nodes adjacent to nodes2 are nodes 1,3, and 5. Node#] is already in the processed nodes

= s0 it is excluded from the adjacent nodes list, The cumulative cost for node 3 is the cost to
8= to node®2 (15 minutes) plus the cost to hike from node#? to node#3 (30 mmutes). The
ssmulative cost to get to node®S is the time to hike to node#2 (15 minutes) plus the time to hike
Som noded2 Lo nodeftS (10 minutes).
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—
Table (3.8) : Adjacent Nodes 4
MNode Cumulative Cost Previous Node
3 20 4
T 40 4
3 45 2
5 25 2
Step 6

#ick the adjacent node with the least cumulative cost, and add it to the processed nodes list,
Table (3.9) Processed Nodes 3

Node Cumulative Cost  Previous Node
1 0 none

4 10 |

2 15 |

3 20 4

Step 7

Scan fhe nodes adjacent to latest processed node (3). and add them lo the Adjacent Nodes list

The nodes adjacent to noders3 include 1.2.4,56.and 7. Nodes 1,23, and 4 are already in the

processed nodes list and are therefore excluded from Lhe adjacent nodes list, The cumulative cost

0 hike to nodeli3 is 20 minutes, To go all the way 1o nodell5 will take 20 + 40 = 60 minutes To
20 to nodet 3 and then node® will take 20 + 30 = SO minutes, And to hike to node#? and then

aode¥ T will take 20 = 20=40 minotes,

Table (3.10): Adjacent Nodes 5

Node Cumulative Cast  Previous Node
5 25 2
7 40 4
5 60 3

21
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6 50 3
7 40 3

Step B

Pick the adjacent node with the least cumulative cost, and add it to the processed nodes list,

Table (3.11) : Processed Nodes 4

Node Cumulative Cost Previous Node
1 0 None

4 10 1

2 15 ]

3 20 4

5 25 2

Step 9

Scan the nodes adjacent to your latest processed node (5) |, and add them Lo the Adjacent Nodes
hist. The nodes adjacent to node#S include 2.3, and 6, Nodes 2 and 3 are already n the processed
nodes list and therefore are excluded from the adjacent nodes list. The cumulative cost to hike to
node 6 15 25 minutes Lo hike to nodedS and then 5 minutes to hike to nodef', totaling 30
minutes.

Table (3.12) : Adjacent Nodes 6

Node Cumulative Cost  Previous Node
7 40 ]
6 50 3
T 40 3
6 30 5
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Step 10

Pick the adjacent node with the least cumulative cost, and add it to the processed nodes list.

Table (3.13) : Processed Nodes §

Node Cumulative Cost  Previous Node
1 0 Nong

4 10 |

2 15 i

3 20 4

5 25 2

3 30 3

Step 11

Scan the nodes adjacent to your latest processed node (6) . . and add them to the Adjacent
Nodes list, The nodes adjacent to node 6 include nodes 3.3, and 7. Nodes 3 and § arc alrcady in
e processed nodes list and are therefore exeluded from the adjacent nodes list, The cumulative
zost to hike to node#7 through node#6 is 5 = 30 = 35 minutes,

Table (3.14) ; Adjacent Nodes 7

Node Cumulative Cost  Previous Node
7 40 4
T 40 3
7 L] =}

Step 12

#ick the adjacent node with the least cumulative cost and add that to the processed nodes list.
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Table (3 15) : Processed Nodes 6

Nuode Cumulative Cost Previous Node
1 0 None

4 10 1

2 15 1

3 20 4

5 25 2

G 3 5

7 35 6

All nodes are now in the processed nodes list, therefore the processing stops. The guickest Toute
1o get to node#7 will take 35 minutes and from the processed nodes list, it is

Node#T — Node#6 «— Node#S — Node#2 «— Node#l

We can ask the GIS to display this optimal route m our hiking trail network view,

TRAILHEAD

Figure (3.2) : Optimal Route
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We could starting at Trail Head hike Moose Trail. straight to Taiga Trail I{ 15 minutes ). straight
@ Upper Tundra (10 minutes ), straight to lower tundra (5 minutes ) ending at Tent Site (5
minutes ),

Once the nodes have been processed, all the optimal routes to node#l from any node are solved
However, there may also be more than one optimal route thar is not reflected in the analysis, For
example, from the processed nodes list, the optimal ronte to hike from node#3 is

vode#d «— Node#d « Node#l
which would rake 20 minwnes. The direct Node#1 — Node#3 route would also take 20 minutes,
o this simple example, there are relatively few possible routes, so as a check you could try all
possible routes. This is generally not pessible with complex networks typical of real-life

#pplications.
Table (3.16 ): Some Of Possible Routes

Route Time ( Minutes }
12D 567 35
19327 40
194337 40
=47 40
124232627 55
| D3 06D7 35
1239497 60

3.3 Network Attributes

Network atiributes are propertics of the network clements that control traversability over the
sctwork. Examples of attributes include the time to travel a given length of road, which streers

are regtricted for which vehicles, the speeds along a given road. and which streets are one-way,

3.3.1 Cost

artam aftribute are uzed to measure and model impedances and model impedances, such as

avel time ( transit time on a street ) or demand ( the volume of garbage picked up on a strect ),

5
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These attributes are apportioned able along an edge; that is, they are divided proportionally along
the length of an adge For example, if travel trme is modeled as a cost attnibute |, then traversing
half' sn edge will take half the ime as traversing the whole edge. This means that if the travel
nme to traverse the edge is 3 minutes, it take 1.5 minules o traverse hall the edge If vou are
looking for a 1.5 munutes route along this edee, the route feature will be created [rom the firsl
half of the edpe feature .

3.3.2 Descripturs

Descriptors are attributes that describe charactenistics of the network or its clement. Unlike costs,
deseriptors are not apportioned. This means that the value does not depend on the length of the
edge element. For example, the number of lanes is an example of a descriptor on a streel
network, Speed limit of streets is another descriptor attribute for a street network.

3.3.3 Restrictions

Restrictions can be identified for particular elements, such that during an amalysis, restricted
elements cannot be traversed. For example, ons-way streets can be modeled with a restriction
attribute, so they can only be traversed from one end to another and not in the reverse direction.

In all cases, arestriction attribuic is defined vsing a Boolean daia type .

3.3.4 Hiemrchy

Hierarchy is the order or rank assigned to network clements. A street nctwork might have an
attribute on the source features that breaks the roads down into three (or more) classes, such as
local, secondary, and primary. You can use this attribute on the source features to build a
mierarchy artribute on the network dataset.

Unce a hierarchy attribute s present, you can chooase whether to use or ignare it when solving a
network analysis,
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4.1 Introduction

Network analyst extension in ArcGIS provides a variety of maps for best routes, closest
facility and many other useful data that can be utilized m producing many hardeopy or
dhgital maps.

4.2 Types of Networks in ArcGIS

ArcGIS provides many types of nerworks that can be done in network analyst extension

and they're -peomelric networks, transportation nerworks, multimodal networks and 3D

y
networks,

4.2.1 Geometric Networks (utility and river networks)

River networks and utility networks like eleetrical, gas, sewer, and water lines allow travel
on cdges in onlv one direction at a time. The agent in the network for instance, the oil
flowing in a pipeline can't choose which direction to travel, rather, the path it takes is

' a . g
determined by external forces: gravity, electromagnetism, water pressure, and so on. 2

4.2.2 Transportation Networks

Transportation networks like street, pedestrian, and railroad networks can allow travel on
edges in both directions, The agent on the network for instance, a truck driver traveling on

roads 1¢ generally free to decide the direction of traversal as well as the destination P

4.2.3 Multimodal Network

A netwark dataset is capable of modeling a smgle mode of transportation, like roads, or a

multimodal network made up of several transportation modes like roads, railroads, and

waterways, @

4. 2.4 3D network datasets

Three-dimensional nelwork datasets cnable you to model the mterior pathways of

. . . i_'j'.
buildings, mines, caves, and so on. !
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If yon have strect featurcs with accourate 7-coordinate valucs, vou can use them with z-
aware features that model pathways inside buildings to create 3D netwarks of campuses or

even cities, This allows yon to answer questions like the following:
« What iz the best wheelchair-accessihle route between rooms in differant buildings?

« Whart floors of a high-nise bmildimg can't be reached by a fire department within aight

minutes?

4.3 Network Elements

Metwork clements arc penerated from the source featurcs used to create the network
dataset. The geometry of the source features helps establish connectivily. In addition,

netwark elements have attributes that control navigation over the netwark.
There are three kinds of network elements:

« Edges which Connect to other elements junctions and are the hmks over which agents
travel.
« Junctions which Connect edges and facilitate navigation from one edge o another.

« Turns which store informartion that can affect movement berween two or more edpes.

Edges and junctions form the basic structure of any network. Connectivity in a network
deals with connectmg edges and junctions to each other, Turns are optional elements that
stare mformation about a particular turnmg movement, for instance, a lefl turn 1s restricted

fram one particular edge to anather "

4.4 Network sources

I'here are three types of network sources that can participate in the creation of a network
datasel:

v Edge feature sources - Line feature classes participate as edge feature sources

o Junction feature sources - Point feature classcs participate as junction feature sources.
o Turn feature sources ;| Turn feature classes participate as tum feature sources in a

pelwork. A turn leature source exphcitly models a subset of possible transitions

between edge elements during navigation. "
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Each feature class that participates in a network as a source gencrates clements based on its
assigned role. For example, a line feature class is used as a source for edpe clements, and a
point feature class is used to generate uncrion elements. Tum elements are created fom a
tumn feature class. The generated junction, edge, and tumn elements form the underlying
graph, which is the network

(reometric network feature classes cannol participate as network dataset sources becaunse
they are actively linked to a geometnc network, Feature classes that participate as a source

in a network dataset can participate in a topology.

Conzider the example of a simple transportation network and the sources that participate in
its creation. This netwark has a streets feature class that can act as an edge source, a street
intersections feature class acting as a junction source, additional line feature classes that act
as edges (rail lincs and bus routes), and point feature classes that act as junctions (rail

stations and bus stations), '™

Figure (4.1) : Network simple features

All feature classes that reside in the feature dataset, which contains the network dataset,
can participate as network sources. Only two sources can participate in a shapefile netwaork
daraset—a line shapefile and a shapefile um feature class, '™

4.4.1 System Junctions

A nmetion must exist at each end of an edpe i a network dataset So 1if we don't create a
junction source feature at the end ol an edge, a system junction will be created

automatically for us when the network dataset 15 built.
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System junctions arc stored as points in a source feature class, which is automatically
generated during the [irst build operation. The source [ealure class is named[network

name] Junctions, where [network name] represents the name of the network dataset. "™

4.4.2 Turns in Network dataset

A tum medels a movement from one edge element to mother. Often tums are created to
increase the cost of making the movement, or prohibit the turn entirely. For example, a turn
feature representing a left-hand furn at an intersection could be assipned a cost of 30
seconds to model the average time it takes for the left-tum lipht to change to preen.
Similarly, a restriction atiribute could read a field value from a turn feature to prohibat it
This is useful when the turning movement is posted as illegal (no lefl turns).

Turns can be created at any junction where edges connect, There are n° possible turns at
every network junction, where n iz the number of edges connected at that junction. Even at

a junction with a sinple edge, it is possible to make one U-turn. "

| | —— U-turn

Left . d|&  Right

%, il o

il A
. i _.‘_:-._,f “w-.h:-___ T
— e K =
s

N Stratght transition

Figure (4.2) : Possible tums

4.4.2.1 Multi-edge tums

A simple lurning movemen! belween two edges connected at a junction is referred o as a
two-edge turn. The ArcGGIS Network Analysl extension supports modehng multi-edge
tums, A multi-edze tum 1s a movement from one network edee element to another through
a sequence of connected intermeadiate edge elements. These intermediate edpes are referred

to as the interior cdges of a tum. In & sireet network, the interior edges of a turn are

typically those edpe clements that represent the mterior of an intersection of divided roads,
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Figure (4.3) : Multi-edge turn

The example shown above depicts a multiedge lefl turn at an mtersection of two divided
roads. Edges ¢ and d represent interior edges of the tum, while edges f and i represemt the

exterior edges.

4.4.2.2 U-Turns

A U-turn is a movement from an edge element through one of its ends back onto itself. It is
typically modeled as a turn with two entries in the edge sequence. where both entries are
the same edge element,

A
q h
i 1 K
i———(ﬂTﬁ)-_
L -
|
i d & ’ >
Y
o L
Y

Figure (4.4) - U- Tum
When dealing with divided roads, a U-tum is modeled as a multiedge turn, where edges

and ¢ are exterior edges and ¢, d, and a are mterior edges 'V
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4.5 Network Analysis Layers

A petwork analysis layer stores the inputs, properties, and resulls of' a network analysis, It
contains an im-memory workspace with network snalysis classes for each tvpe of input, as
wiell as for the results. The features and records mside the network analysis classes are

referred to as network analysis objects.

Network Analysis | ayer
Metwork Analysis Class
network Analyss Obgect t
el

Figure (4.5) : Nelwork Analysis classes

4.6 Network Analyst Toolbar

The network analyst toolbar provides the commands for creatmg new analysis layers, tonls

for workmyg with those analysis, and tools to work and build network datasets.
To validate netwark analyst tool extension :

1- Irom menu toolbar we choose Customize - Extensions

2- Imek on network analysl

BT "]

e i s SR

_,
=
]

CEmmmr g T

ED Arabut 12 2
Tmmay BUERT L EIE eu A Figrey Sasaremd

Fumm o e ey e e e L cLmnn

+_.1_E=r'.;..- | J

A

Figurs(4.6)  Validate network analyst extension




CHAPTER FOUR NLTWORK ANALYST IN AreGrlS

The Figure bellow shows the network analyst toolbar, each command s labeled by number
lo explam the fimetion of each commund.

|,‘ ,E: l"_".,. - Petwork Deticet [ 2

it

[kl * Metwank Snalyst =

Figure (7.4) . Network Analyst toolbar

Metwork Analyst type and il contains new roule, new service area , new closest
facility, new OD cost matnx, new vehicle rooting problem, new locastion —
allocation

To show'Hide network analyst window

Create network location tool.

Select/Move network location

1o solve network.

To show directions window.

MNetwork datasel.

Metwork Identify tool

Build network dataser.
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5.1 Overview

The nature of network analysis project, in peneral, contams feld work followed by

observations, processing analysis and assessment process " office work "

This project includes, several operations that were made, starting with ohtaining streets
data from Yatta Municipality , digitizing and updating strests centre lines, determination of
street flow directions. speed limits on strects, streets junctions, creating network attribute
Lbles in GIS, raw field observation entrance Lo the compuler and export of cad drawing Lo
the GIS database

5.2 Yatta Municipality Data
The Following data were obtained from the municipaltiy of Yatta

. An AutoCAD drawing file contaming the streers edges and borders of Yatta city

were obtained from Engineening Depurtment of Yatta Municipahity, fig (5.1 ).
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Figure (5.1) : Yatta cily cad master plan

2. An Ortho photos of the year 2011 were obtained from Engineering Department of

Yalla Municipalily with 0.3 meter accuracy fig (3.2)
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Pl i i ----'. '.. L e

Figure 5.2 : Ortho photos of Yalta City

5.3 Streetz Centre lines

Centre line defimtion : A lme representing the physical center of a street way between
street shoulders, ollen coinciding with the centre line painted line dividing bi-directional
travel lanes, represents both directions of travel. Limited access interstares, highways and
boulevards divided bv concrete barriers or grassv median strips are modeled by two

centerhines ane for each direction of travel.

Streets centre line arc a framework layer because they can support address malching
(geocoding), transportation modeling. street way management. vehicle routing, and
cartography

Street centre lines also frequently define boundaries for emerpgence dispateh service area,
political boundaries, parcels, and zoning 5o they arc a foundation layer in the geometric
construction of other layers.

Street centerlines was created by digitizing the mid of exist streets and update streets centre
Iines and field was built to mput data using AreGIS tools.
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5. 4 Digitizing of Building

A Feature class named " buildings " was created, then the buildings in Yatta City which are
located inside Yatta Municipality borders were degitized including services buildings.

Iigure 5.3 | Sampie of digitized streets and buildings

5. 5 Locate Services Locations

Services Locations such as hospitals, police centre. civil defense centre, fuel stations and

pharmacies were mapped " point feature class " as requirements for the network analysis,

5.6 Streets Network Attribute Table

Metwork attributes are the propaties of the network clements that the analysis over the
network. Example of attribute 15 the tune to travel a given length of street. Which streets
are restricted for which vehicles. the maximum speed alowed along a given street, the

condition of each street and which streets are two-way or one-way.
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%
Network attributes have a four basic elements: name, usage type, units, and data type
More clements that affects speed were used such as condition of each strect and geametry
Additionally. These elements have a sot of assignments defining the values for the
clements.

» The usage type specifies how the altribute will be vsed during analvsis, which is
wlentified as a cost, deseriptor, restriction, or hierarchy:

*  Units of a cost attribute are either distance or time units such as cenlimeter, maters,
kilometer , miles , minutes and seconds ). Deseriptors, hicrarchies and resirictions
have unknown units

* Data type can be either integar, float or double. Restrictions are always Boalean,

whereas a hierarchy is always an integar.

Network atiributes are crealed either in the new network dala set wizard { when defining a
new network ) or on the network dataset properties dialog box through preparing the
network scllings. To create network attributes; first, the name of attribute, its Us8ge, umis,
and data type are defined. Next, evaluators for each source are assigned this provides the
values [or the network attribute specilymg the night when the network datasat is built. This
is done by selecting the proper attribute and clicking Fvaluators,

5.7 Cust For Yatta Facility

The Maximum speed of each street were obtained from Yatla municipality, The following
table summarizes the maximum speed depending on street tvpe.

Table (5.1) Maximum Speed of Streets

Street typs Max.Speed
Unpaved 30
LOCAL B0
HIGHWAY 120

Length of each street 15 automatically given by ArcGIS soflware. or we can Caleulate
Length by adding feld o atiribute table of street then pick " Calculate Geometry "
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Table (5.2): Auribute Data Representation
Property Type Field name.type Input criterion
Length Cost METERS, double Caleolated from calculate
Feometry
Time Cost MINUTES, double v cxprission

[MINUTES| - [METERS]
*60 / 1000*[K P

Speed of travel Cost KPH. Double Assigned for cach class on 90,
80 and 60 kmhr

Street type  Hierarchy Func_Class, mteger 1 regional, 2 mam street.3
logal

Way of travel  Resriction OneWay (string)  FT (Travel is only permitted

in the digmzed direction of
the hine feature) TF ( Travel is
cnly  permutted  apainst  the
digitized direction of the line
feature)N ( Travel is not
permitted in either direction)
Any other value { Travel i35

permitted in both directions)

The arrangement of dala as listed 1n Table | can produce a network dataset for the inguiry
about the best route between two or more stops. the tune ol travel, and distance raveled,
after completing the digitizing of the desired streets in the region with a reasonable

representation for rhe cities and towns the bwlding of the network dataset can be

perlormed.

5.8 Map Topology

t's important to check that digitized lines are sharing corrget geometry between sach other.

Usimg Arc GIS from Catalog window right click on dataset to create and choose s " New
Fopology " option .
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Figure 5 4 ! Creating T'opology

Layer that will participate in topology 15 choosen, then we add tapalogy rules for " line
fearure ": Must not Have Dangles, which is a good way to check for continuity. The orther
rule us Must Not Have Psuedoe's ; which is a good way to check for intersections . Both
rules are shown in figures 5.5 and 5.6.

Rule Descrpton

]
ol
===

Figure 5.5 ; Must Not Have Dangles

Sule Desmipbon

CEm——t

l
|

Figure 5.6 : Must Not Have Psuedo's

Figure 5.7 shows the topelogy map of Yatta and all crrors appearing i the feature class .
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Figure 5.7 * Yatta city map l'opology

Ta delete all topology errors. the topology toolbar in AreGIS Are map is used fo editing
Errors may have to be merged , trimmad, extended or snapped

I- Errors lo be snapped

Figure below shows an error oceurred due to snapping while digitizing. this error could
be eliminated by clicking right click on tepalogy error and choasa " snap "

Figure 5.8 : Error to be snapped
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2- Errors to be merged

Figure 5.9 Error (0 be merged

5.9 Calculaling slope distance

To calculate slope distance we must have a contour map or a TIN. Using " Global Mapper
13 " software we can generate a contour map of 5 Meters interval and download it oaline
using " STRM digital elevation mode with a resolution of 2 arc seconds { 91m) .
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| Lanatizat? friotal | magey b [Fsudsr Crder Poee Shewpererd]
WD (1 s Padotiownds (i) PREMILI COMTENT]
laplpues O sesiesl v odduas e,

'??h

I Magiuest OmerSime o whaklemie Simes b g:
. = v eisioesh b Tag gy reciryd Revirae U oe =6 TS e
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| el oyl Mg
| wierd T npo Bap -
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Al Mewy Stnce | - Dielate CnclodFles | | ad Someien o Fie
| Gelect liza i Dineedosd
| 1 chebalio s BIR 2 — e
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Figure 5.10 ¢ Importing Sm mterval contour map from STRM model

Contour map will be exported as " shape file " and will be added to AreGIS .
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In order ta calculate slope distance , a TIN has to be creatad using the contour map
generated by " giobal mapper ”, Here, the Extension of 3D analyst has to be activated on

the Are(ilS software |

* Trom ArcTool Box choose 3d Analyst tool = TIN Management = Create TIN

* A new window will appear and we will choose output coordinate and output file
and mput shape file winch s contour map a8 shown m figure]2.5.
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Figure 5.11: Create TIN window

Figure 13.5 shows the created TIN .

Fipure 5.12 : Created TITN
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+ The next step 1s caleulating 3D length for the centre lines using ArcTool Box, rom
3D Analyst group =¥ Functional Surface = [nterpolate shape .

Arcloolbox i
30 Analyst Tools @@ -
3D Features & +
Conversion &
Functional Surface &
Add Surface Infermatien *
.
Line Of Sight =
Surface Volume “
Raster Interpolation & &
Raster Math &
Racter Rerlace B -

Figure 5.13 : Interpolate shape tool

o A new window appears, the dialog bux In figure 14.5 has to be filled
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Figure 5.14 ! Interpolate Shape window
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»  Open attribute table of " streets " and right click on " METERS " field the Calenlate
geometry has to be chosen, the property " 3d Length " shown s figure 5.15 has to
be selecred :

Calcuiate Geometry

|V
Poperly:  [Diength e —
Coorminate System

@ Lise coordmats system of the dats sowrce:
PS5 Palesbne 1227 Palestme o

Use coordmate system of the data frame;

Figure 5.15 . Caleulate Geometry of 3D Length

Figure 5,16 shows the comparison between 2d length ( SHAPE Length) and 3d length (

METERS )
METERS | Shape Length | Difference
160 120292 | 156802732 | 0.137%6
127 475281 | 127 35209¢ I'0.120945
4831781 | 48776235 “To.041575
1EB10451 | 11ET34Z1E | 0.076233
114 421228 | 114217926 0123322 |
$TES1773 | 47543822 | 0.008251 i
N I T s R
64177902 |64 139835 |ooEeET |
| 25033725 | 25 022997 | D.000742 |
(204318575 |2042655¢ | D.053034
140 20BEE4 | 140 213778 0085088
135264138 | 45105398 0147793
t74 513544 | 124 358318 0181229
4TE14579 [474E8TRZ | O.NBAET
157 G03SB5 | 157 77482 | 0.128664
138882388 | 138 451440 1921017
73591583 | 73383222 | 0.208371

Figure 5.16 : Comparison between 3D Lengths and 2D lengths
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5.6 Building Network Dataset

The following steps are to be followed in order to build network dataset .

Step 1
Enable Network Analyst Extension by clicking on customize and choose extensions and
check on network analvst .
=
Lo iz any I
P'mr‘r‘:r;gm I S8R e i Sumey Feseeras
Froun 1nain-Sor pubmat masers o0 10 el |
e freraern Ce=11
Figure 517 : Arc(i15 Fxtensions
Step 2

From Arc Catalogue wmdow. night click on data set that we created and choose new
Network Dataset - figure 5.18 shows the creation of a new network dataset and the
nefwork dataset wizard appears. The name of the netwark is entered and click next .
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Figure 5.18 ;: Creatmg netwaork daraser

Step 3

Seleet the feature classes that wall partieipate m the network dataset and ¢lick next

[ New Netwernt Dacaset - ‘ |V i
ﬁ Senct the beatane ciassss tral vl camoname 7 T et deaess
Y it ——
Cewr M
! Ay T wgpish N it 3
—__ L eme———— e _ammeemm

Figure 5.19 : Selecting Feature Classes Participated In Nerwork

Step 4

Check on " Yes " to validate tums m the network then click next .
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Figure 5.20 . Modeling Turns

Step 5§

Choosing the style of connectivily, liere the chosen type is ar any vertex, click next
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Figure 5.21 | Choosing conmectivity
Step 6

The figure bellow shows the window asking if elevations of the street are inclnded or not .

here the z-=levation are not avanlable, choose none and click next,
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Figure 5.22 Modeling Elevations

Step 7
Configure of evaluators, the figure bellow shows the evaluators used in nelwork dataset,

and it can be easily vsed if the past attribute were nserted in a proper way, here the
properties of cost and restrictions are automatically configured and analvst tigure them our
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Figure 523 : Evaluators of Network
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Step 8

Establishing directions , check on " Yes

" to establish directions and click on Directions

ant change Display length Units from " Miles " To " Meters ", click Ok then click Next .
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Figure 5.24 : Establishing Directions in Network

Step 9

The last window of creating nelwork datasel shows summary for the evaluators and

properties ol network dataset mtended 1o be built. if the information are correct click

finish.
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Figure 515

: Summary of Network
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Step 10

this step 15 a message of whether the user wants Lo create the dataset or not, ClickYes.

Step 11

The last step 15 a message of whether the user wants to add evaluators, Chek Yes

Figure 15.5 shows the Network that we created, junctions and edges .
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Figure 5.26 . Yatta Cily Roads Network
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6.1 Introduction

Are(G1IS network analyst provides network spatial analvis, such as routing, finding closest

facility and define service area based on trave! time or distance .

6.2 Finding Best Route
6,2.1 Preparing display

Om the network Analyst toolbar, click om " network Analyst " and choose "new routs",

_ (2 = Netwerk Analyst
: New Route |

MNew Service Area

MNew Closest Facility

New OD Cost Matrix

MNew Vehicle Routing Problem

Mew Lecaticn-Allocation

~Opbons

Figure 6.1 ; Creating Route mode!

The network analyst window contains empty list of stops, routes, point barriers, line
barriers and polygon barriers .

X B Network Analyst 7=
Bl ~ Route =

($10ps (0

(Routes (0
(Point Barriers {0
{Line Barriers {0
(Polygon Barriers (0

Figure 6 2 : Empty stops, Routes and Bariers
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i Table of Contents contams a new route Analysis Layer as shown in figure helow .

! Layers
- o (ER
=hfl Sreps
B Locored
T Unlooeted
: . Errar

B Tmeisleton

> M Feint Raeries

gEm:u
Fastnictian
) 2dded Cont
o Routes
e uten
~H Line Bawier:
| ==Restriction
|  cmScaied Cont
L Fobvgon Barmemn
EjRestniction
e ccaled Cost

Figure 6.3 - Route laver
6.2.2 Adding Stop at a Current Location and Target Location

Now we will add stops for current location and target location by the following steps .
1- Click on Stops(0)) on network analyst window

2- From network analyst toolbar click on create location tool * % |
LA 3- On streets network map elick on current location to define a new stop location

This stop will remain elected until another stop location( targel location ) s placed on
streets network map |

Figure 6.4 : adding a stop lacation
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— ° @
—34 The located stops also displays number 1. The number represents the order in which the
stop will be visited by calculated route. You will also natice that the stops category on the
network analyst window now lists 1 stop.
xQ Metwsore Axahert
- Foute
Jg
(Routes |0
{Peint Barriers (0 -
TFigure 6.5 : Assigning location as graphic pick 1
4- Now we will add the scecond stop location which is the target location. The new stop will
be numbered. The order of stops can be changed on network analyst window. The first stop
is treated as the origin and the last, as the destination .
T ® 0 Hebark Anahet
v W - Route
- Graghue Pick 1 @) |
VISR
o {Roates [0
™ Figure 6.6 ; order of stops, graphic 1 is origin, graphic 2 target location

3]

Figure 6.7 : Locations of graphic pick | and graphic pick 2 { target location )
57
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If a stop is not located on the network. it will appear with unlocated symbol, and it can be
located by moving it closer to any edge that belongs to the network On network analyst

toolhar, click on Select/Move Netwark lacation tool W.

6.2.3 Setting up the parameters for analysis

we will set the followimg parameters for analvas

l- Make surc that route based on time.
2- Make sure that U-turns 15 allowed .
3- Make sure that OneWay restrictions must be followed,

To ensure these parameters follow the followed steps -
1- From network analyst window click on layer properties :

2- click on laver setting tab. Make sure the mpedance selected is Minutes.

3- Leave " reorder stops " unchecked. This preserves the order of stops as decided by yvon,

when vou created stops
4- chooze " allowed " from U-turns dropdown box.
S- choosa " true shape with measures " from output shape type dropdown box.

6- check on " ignore myvalid locatons”. This will let us find best route nsing located stops.
Unlocated stops will be ignored.

7- check on OneWay in the restrictions list.

8- on directions list, make sure the distance unit 15 set to meters and time attribut 13 set to

minutes.

2- chck ok .
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Figure 68 : Setting parameters of analysis

6.2.4 Sulve to compute the best route between lncation and target location.

I- From network amalyst toolhar click on solve button B
2- A polyline ronte will appear in the map and in route category in network analyst

window




CHAPTER SIX TEST AND RESULTS

'

> o a3 Sa eiging
a_,g_ JCL e

\ o J
ol = ,.'l - “;?’.4
- : : ’r;;f @® Tf i
- ] 'tvnﬂ- i [ o
!_':,;i b 5 ¥
< Bl o t)f..'
' ¥y ?1'! -." "‘-. . ‘! I:l'-|I IE- ¥
/ % - % = g
{4 ¥e iy AT el 3
A%y Nl
‘.-.I - 'i N Pt
et e
y = e ?Lﬁ} ‘.#.._f e
' S 02
r"'r M ., h ] 4
:::jip‘ ] ’ ‘II%L |l ¥
. 7 ] .“' K 'F‘; .'-_;.-_ e
."IIII 4o - ; 1' - _&?ﬁ._-;-fl.‘" :r i‘;fl;‘, r__,,_#"-i“
H'-"l '.Fh‘i-;{ G L ‘i"!!"ali !-."-. *-‘1{ "‘j : e
'if'.'-{.!- - r ‘H:II" ~ g W n’-’#: 5 .";g':.‘f_ A

Figure 6.9 : Best route from graphic pick | to graphic pick 2

3- From network analyst toolbar e¢lick on dwections EE_, it will display driving

directions.
4- The dirsction window can also display turn-by-tum maps by click on map link in
direction window,
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Figure 610 : Directions Window of Route |
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6.2.5 Adding a Barrier on Yatia Streets Network.

A barrier can be added to represent a roadblock and will find an alternative route to
avioid the roadblock,

1- Click on network analyst window, click point barrier(0),
2- From netwaork analyst toolbar click on create location tool.
3- Click on anywhere on route to place point barrier.

““ = .'

— _____._._..a-"

Figure 6.11: Adding Bamer on Routg 1

4- Click on solve button in nerwork analyst toolbar, a new allernative route will be
computed to avoid the barrier as shown in figure below .

al
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Figure 6.12 : Alternative Roule From Graphic Pick 1 o Graphic Pick 2

6.2.6 Applications of finding hest route in Yatta City .

1- In garbape collection - finding the best route for garbage car to pick up garbage
from containers . this is done by locate containers locations on map as shape file
this choose contamers which should be picked up and solve to find best roure.

2- In incidents

a. Ambulance arrival : finding the best route for ambulance ta arrive from its
station to accident location,

b. Fire engine arrival ; finding the best route for fire engine to arnive the blaze.

c. Police car arrival : finding the best route for police car from police cenlre o
any accident location,

3- Finding best route from any location in City to any facility such as schools,

mosques, universilies, pharmacics . efc .
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L

6.3 Finding Closest facility
6.3.1 Creating Closest Facility Analysis Layer

On network analyst toolbar click on network analyst dropdown menu and click on new
I closest facility .

T B BT nework syt |
Mo Bpute '

Fgw Sarvice bres
New Closest Facily |

Mew: B0 Cost Matre

Hew Vekicle Routmy Drabierm

Mes Location- Allocatioe

~Dpteor:

Figure 6,13 : Create new closest facility

The network analyst window now containg an empty hst of facilities, incidents, routes,
poimnt barmers, line barmers and polygon barriers,

0 Mebwere Aralywt =
E - Clogest Facility

(incidens () =

‘ [Routes 10 5
{Point Barriers (0
(Elne Barrlers {0
| (Polygon Masriens [0

Figure 6.14 : Network analyst window of closest facility

-t Also, table of contents contamns a new closest facility layer as shown in fipure below,

et Fardey
i Facilities
" M Incidents
i ~M PrintBamern
= Reutes
i B Line Bzrmers

¥ Falvgon Barrer:
E=ecinction
TScaled Cost

Fipure 6,15 - Table of contents with closest facility layer
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3 6.3.2 Adding facilities
We will add facilities from a point shape file for which a layer file has been created.

I- In network analvst window, right click on facilitics(0) and click on load locations
as tigure shows below.

mE Biepacrt &l

" - Dl pgab Ta e
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ot |0
-
e (@
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L] sEtEE

Sigctrn dirlbe e Tibie [T]
Ewpetat Tl
foemn Ta L |

o Peavidete [ooeies Reld

whilpeie "

]
il

1 Figure 6.16 : Load facilitics locations

2- Select pharmacy from " load from " dropdown list and click ok,

- T
ioad bocaton: i J | ¥
— E — ==t K e
Load Fron % Pharmnaty
F Oy ghiow powit Byers
| =
Eort Fisld: AT -

Figure 6,17 ; Loading pharmacy as closest faciliy
6.3.3 Adding an incident

|- On network analvst window. click ou weident() then from network analyst toolbar

chooge new network location tool and seleet vour lovahion on map. Figure below

shows facilities as circles and incident as square.
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Figure 6.18 ; Adding incident on map appears as square

- 6.3.4 Sctting up the parameters for analysis

1- Click on the analyst layer properties button in network analyst window
2- In laver propertics dialog, chick on analysis setting tab,

3- Click on impedance dropdown box and choose Minates (Minutes).

4- Sci the default cutoff to none:

5- Increase facilities to find from | t0 2.

- Choose travel from inedent( location) to facility ( pharmacy).

7- Select allowed for 1J-turns.

8- Select true shape with measures lor out shape 1ype.

9. Check on ignore invalid locations.
10- Check on OneWay in restrictions list
11-Click ok.
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Figure 6.19 . Setting parameters for closest facility layer

6.3.5 Solve to compute the closest facility (pharmacy) to your location (incident).

1- From network analyst toalbar click on solve button Pal

2- A two polyline rontes will appear in the map und in route calegory n nefwork

analyst window .

2 3- Click on directions window button in network analyst toolbar to gemerate directions

for the two roules for pharmacics
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Figure 6 20 - Routes of closest facility ( pharmacy)
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Figure 6,21 : Directions of routes of closest [acility
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6.3.6 Applications of finding facilitics using network in Vatta City,

I- Caleulate the closest fire station to location of accident.

2- Calenlate the closest pharmacy that we can reach to froi any location in a delined
lime,

3- Calculate the closest stores that we can reach (o from any location in a defined
time.

4- Caleulate the closest health centers that we can reach from any location of acciden
i a defined time,

6.4 Calculating Service Area

6.4.1 Creating service area unalysis layer

On network analyst toolbar, click on network analyst drop down menu and choose new

SETVICE area.

N, TF'{_] f‘ﬁ . - Network Analyst
el MNew Route
New Service Area |
MNew Closest Facility
MNew OD Cost Matrix
New Vehicle Routing Problem

New Lecation-4llocation

..Options

Figure 6.22 . Creating new scrvice area

The network analyst window now contains an cmpty list of facilities, lines, polygons | line
barriors . point barriers and palygon barriers.
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[ 2 -
x & Netwerk Analest /.
- Seryice dred
(F aiboties (0
[Pakpgons (0
(lines [0 -
{Point Barriers (0 =
(Line Barriers (0
{Polygon Barriers (0
Figure 6.23 : Network analvst window of service area
Alsa, lable of contents contains 2 new service area analvsis laver as shown in figure below
968 4 _.
SeTVHTE ATE) :
= s~ Facilitas :
v Paoint Barriers
y— Line:
Line Barriers
M Polygens
i~ Polygon Barness
Figure 6.24 : Table of contents with service area layer
6.4.2 Adding facilities
1- Right click on facilities and choose load locations, we will add schools as facility
tur which the service area will be generates.
Load Locations P —_—— T -, ]
aadror: - R
F Orily shaw point ayers
- Conr't Bl

I

Figure 6.25 : Loading schools feature class as location of service arca

2- Facultics now are visible on the map and in network analyst window
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Figure 6 27 : Added Fagilities ( schools )
6.4.3 Setting up the parameters for analysis

We will specify that service area will be caleulated based on distance ( merers ). Three
service arca polygons will be caleulated for cach school ( facility), one ar 200 meters , tmg
at 400 meters and another at 700 meters. We wall specify that direction of travel will be
away from facility not toward facility, that no U-tumns is allowed and that one way
restrctions must be [ollowed.

I+ From network analyst window, click on analysis laver properties

1- From analysis setting tab, click on impedance drop down list and select
Meters{melers).

3- Type " 230 500 1000 " in defaulf breaks tox) box. ({ Enter distances as numbers
separated by spaces without quotes )

4- Under directions choose away from facility.

5~ From U-turns drop down list choose not allowed |

6- Check OneWay in restrictions list.

7- Check on ignore invalid locations.
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. Figure 6.28 : Sciling up parameters for service area

v 8- Click on polygon generation Lab and check on generate polygons.

— 9- Select polygon type generalized, this results in faster analysis. Detmled polyzons

arc much accurate, but nead more time to be generaled.
10-Select overlapping under multiple Bcililies options. This results in individual

polygons per facility that may overlap.

11-Select Rings lor averlap type. This excludes area of smaller breaks from polygons
af bigeer break.
12- Chick apply. then click Ok.
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Figure 6.29 : Setting up parameters for service area polygons

0.4.4 Solve to compute service area

1= From network analyst toolbar click on solve button =

2- A service area polygons will appear on map and on network analyst window. There
is a transparency set by default for polvgons layer. This shows the underfying
layers and gives ideas of area under palveon with respect to streets network.
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i Figure 6,30 : Service area based on 250,500 and 1000 meters

6.4.5 Identifying buildings that do not lie with service area polygons .

I- From table of contents select and move buildings feature class to the top to improve
visthility

Layers
b [T
=

i SerAce Ama
[0 Chosest Facliity
-k Facibties
- W Imcidents
o Point Barrry
= Aoartes
L
b-f] La Banviers
¥l *ciygan Bamen
- E-'!nfrmnnrr
L Senked Cont
i L] Foute

Figure 6 31 : Moving buildings shape file 1o the top of layers
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2= Choose select by locauon from selection menu.

terize  Geoprocessing  Seledtion
_Selact By antnibuter By
Select By Lecation By

Internctre Selection Method
werpiection Opteons

Frgure 6.32 . Select by location

3- Choose selection mothod " select features from ", and choose targel layers "
buildings ". choose target lavers " polygons " of service area and choose target

layers are completely within the source [ayer feature from spatial selection method .

4- Chck apply then click ok,
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Figure 6.33 : Select buildings that are completely within service area polygons
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Now all bmlding are within service arca are selected. we wanl lo select all
buildings that are not within service arca polygons and this is done by switch
selection.

From table of contents right olick buildings feature class and open attribute tables.

Click on switch selection button lﬁ' .
Now all buildings that are not within service area polygons arc selected 2300 out of
8612 .

Figure 6.34 : Buildings that are not within service area polypons

9- Trom figure it seems that a new schools should be constructed for buildings that are

not within service arca polygans .
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fr.4.6 Suggest 8 New Schools

In order (o make service area contains all building in city we have (o add a new facililies (
schools ) .
1- Trom Network Analyst window chek on " Faeilities " and from network analyst

tnolbar click on create new location tool * & .
2- Add facilities to unserved area .

3- Click Solve . #

Fipure below shows thar the new service area serve most of buildings in Yartta city .

Figure 6.35 : New Service Arca after suggest new schools
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6, 4.7 Identifying the service Area polygon that each house lies within

1- From table of contents right click on polyeon of service area feature laver | choose
Jom and Relates and selecr Join.

:|'__ emoE .:Jah_ FI! o loins and Relates |
| 4 (Remove Joinis Zoem To Layer L
| 4 (Remove Relatei ‘ Visible ScaleRange

Figure 6.36 ¢ Load the join data panel

"
2- From " What do you want 1o join to this layer " dropdown menu seleet " join data
from another layer based on spatial location "
3- Select Buildings, and select it falls completely inside ...
4- Specily output shape file to save results of join and click Ok .
Join Cata - gl 5 el

Lo ke ts you append addtonal dita 1o b ye s atiroue ke 5o you can,
for examale, symbslice the yer's fesbes uming this dats.
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Figure 6.37 : Join data parameters
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5- Right click on the new layer added and open allribute tuble, it will display the name

of school and polypon it falls under .
o e ) Tasle
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Fipure 6.38: Atinibute table of bmldings with service Area information

6,4.8 Applications of Calculating Service Arvea .

1- Calculating service Area for Yalta mosgues.
2- Public phones .

3- Schools,

4- Pharmacics .

5- Clinics.
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CONCLUSION AND RECOMMENDATIONS

7.1

Conclusion

7.2 Recommendations
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L -

7.1 Conelusion
In this project the following conclusions are found:

This is the first trial 1o build a strest network for Yatta oity, which works under
ArcGIS network analyst extension.

This network will help the Vehicle drivers, Ambulance Vehicle, Police, Ministry of
Educations, Ministry of Religious affairs and many others.

3- This network was applied for different spatial analysis methods | |
4~ The effect of the topography was considered using DEM of Yatta,
We had Updated Yatta City Suest network up to the year 2014,

L8]
i

: 1

7.2 Recommendations

In this project the following are recommended :

I- We recommend applying network analysis in different sectors of Palestinian
community .

2- Modifv the street addresses of Yatta sireets to match the universal standards.

3- GPS technology can be applied with Pocket PC to ultimate the usmg of spatal
network velucles such as police cars and Ambulance |

4- Arc explorer could be used to open and view network

5- The netwark, need a daily update for new roads, closed roads, and rush times.
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