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a location on the earth.
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GIS

A Geographic Information System (GIS)

links locational and attribute information and enables
a person to visualize patterns, relationships, and
trends. This process gives an entirely new
perspective to data analysis that cannot be easily
seen in a table or list format or on a paper map.

Exploring data using GIS turns data into information into
knowledge

= All about GIS system
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GIS Function & %y > GIS 18

GIS Function .
—> Capture Uls gsya6s,858
——> Store (RDBMS) ous (s
—— Query o,s
—> Analyze ;45 i

—> Output LS swaas

GIS is Model Geographic information using RDEMS
RDBMS = Relational Database Management System




GIS Extract Layers from Realit

Here we
modify the
reality in

Layers

~Layers

Reality

Existing nature
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Transportation

Land Use

Census Tracts

- .= Structures

Postal Codes

Raster Imagery



Visualization

e GIS is used to display
spatial data as a map

Database
Management

e GIS is used to store data
in (RDBMS) and organize
spatial data

Spatial Analysis

e GIS is used to analyze and
interpret spatial data
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THE THREE VIEWS OF A GIS:

1.The Geodatabase view (&4 g Lil) gdsiy) -

A GIS is a spatial Geoprocessing

database containing

datasets that represent el

geographic information =) r

(features, raster,

topologies, networks,

and so forth). O sy (5 il 3 (sascy

Geovisualization Geodatabase

Databases




THE THREE VIEWS OF A GIS:

2. The Geovisualization view (oS4Ss 1 j 4dadd):

A GIS is a set of

intelligent maps

and other views that show
features and feature ()
relationships on the earth's 545, 41 (i :@

surface. Various map views of A Al

the underlying geographic GIS AS4Ss 5
information can be Geovisualization Geodatabase
constructed and used as -
“windows into the database”
to support queries, analysis,
and editing of the information.

Geoprocessing

Databases




THE THREE VIEWS OF A GIS:

3. The Geoprocessing view ((S4 s bl g sad)

B4y (5 k1 s S
Geoprocessing

A GIS is a set of information
transformation tools that

derive new geographic
datasets from existing (-
datasets. :@

These geoprocessing
functions take information —
from existing datasets, apply
analytic functions,
and write results into

new derived datasets.

Geovisualization Geodatabase

Databases




Sources of Spatial Data

Digitized and Scanned Maps
e Purchased, donated, free (Internet)
e Created by user

Databases
e Tables of data
GPS

e Global Positioning System j\_'\ al s f\:\g )So.l jS

e Accurate locations -
1 pudalila
Field Sampling of Attributes #:5l: databases

Remote Sensing and Aerial Photography



ArcGIS Family of Products

Desktop GIS

ArcGIS” Desktop
ArcGlS Engine
ArcGIS Explorer

ArcGlS Server
ArcGlS Server Extensions

ArcGIS

ArcGIS” Online Services .
ArcGIS Data Appliance Mobile GIS
StreetMap Premu,!m ArcGIS Mobile
ESRI Demographics Arck |

ESRI Data & Maps



 Rasters and images:
* What is raster data?

* |n its simplest form, a raster consists of a matrix of cells
(or pixels) organized into rows and columns (or a grid)
where each cell contains a value representing information,
such as temperature.

» Rasters are digital aerial photographs, imagery from
satellites, digital pictures, or even scanned maps.

Cell
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« Raster datasets:

= Several storage options:
» Individual raster datasets, raster catalogs, raster attribute.
= Araster catalog is a container for raster datasets.

= More than one raster dataset can be spatially appended
(mosaicked) together into a larger, single, continuous

raster dataset.
E"’I{‘ b ‘* '

» Mosaicking allows you to
take two or more raster
datasets and combine them
iInto a single, seamless

raster dataset. This illustration shows how six
adjacent raster datasets are
mosaicked together into one

raster dataset.



= ArcGIS supports display and conversion of many raster file
formats including several popular image formats.

= Every (almost) image is actually composed of three separate
layers, or more layers. Each layer stores the amount of
reflectance from a different wavelength of the electromagnetic
spectrum (e.g., ultraviolet, visible, infrared).

= By assigning different colors to each layer, analysts can evaluate
factors such as land cover type and vegetation density.



* Cell sizes in Raster and images:

= The cell size determines how coarse or fine the patterns or
features in the raster will appear. The smaller the cell size, the
smoother or more detailed the raster will be.

= |f a cell size is too large, information may be lost.

* |n the diagram below, you can see how this simple polygon
feature will be represented by a raster dataset at various cell
sizes.




Two Ways to Visualize Data
“The World” in GIS

+— Raster -- Grid

 “Pixels”
 Alocation and value

« Satellite images and aerial
photos are already in this

‘;ﬁ format
Real world .
1 Vector -- Linear
\ / « “Features” Like: house, road,

lake, etc. represented by:
Points, lines, and polygons
o Is « Attribute information inside
/JQ the database has:

size, type, length, etc.



* Represent real feature by Vector

Vector

l

Point Line Polygon
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Street, Stream
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Location



 Components of Geographic Data

Geometry Attribute Behavior(Rules)

OID | NO | Name | Length | Area Ex.: Streets and
/\/ ..... Highways may not

_____ intersect
® \ V| Or, ....Area Boundary
Must Be Covered By

Boundary Of.......




* Elements of geographic information

Rich GIS behavior for representing and managing
geographic information is based on four fundamental types of
geographic representation:

« Features (points, lines, and polygons)
 Attributes

* Imagery

« Continuous surfaces (such as elevation)

All types of geographic information—features, rasters, and
attributes—can participate in spatial and attribute relationships.




* How can we represent geographic information

The four types of geographic information (features, attributes,
rasters and surfaces) are actually managed using three primary
GIS data structures:

e Feature classes i
« Attribute tables B e
« Raster datasets e

All these are fundamental datasets in the Geodatabase.




* Types of Coordinate Systems

Geographic coordinate systems
A global or spherical coordinate
system such as latitude-
longitude.

Projected coordinate systems
( map projections ) :
A mechanisms to project
maps of the earth's spherical
surface onto a two-
dimensional coordinate plane
such as transverse Mercator.




 Why Need Coordinate System ?

> Within ArcGIS, every geographic dataset has
a coordinate system, which is used to integrate
it with other geographic data layers within a
common coordinate framework such as a map

» Coordinate systems enable you to integrate
datasets within maps.

» to perform various integrated analytic
operations such as overlaying data layers.



» Geographic coordinate systems




* Projected coordinate systems
UTM Universal Transverse Mercator
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 Map Projection

Because the earth is round and maps are flat we need
to get information from a curved surface to a flat which
IS called a map projection, or simply a projection.

This process of flattening the earth will cause

distortions in one or more of the following spatial
properties:
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 Maps convey geographic information through

Map Layers:

»  Are thematic representations of
geographic information such as
transportation, water, and elevation.

Help convey information through:

1.

Roads
Land use

Boundaries

Hydrography

Features(points, lines, and
polygons).

Symbols, colors, and labels to
describe the objects.

Aerial photography or satellite
imagery.
Continuous surfaces such as

elevation represented by contour
lines.

Elevation

Image base

Within the map frame,
geographic entities are presented
as a series of map layers.



Maps convey geographic information through

Map Layout:

= Anintegrated series of map

elements laid out and arranged

on a page.
» Common map elements which

aid reading and interpretation:

1. North arrow.

2. Scale bar.

3. Title.

4. Symbol legend.

5. Additional elements such as
graphs, charts, pictures, and
text.
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This layout illustrates how map
elements are arranged on a page



* Maps convey geographic information through
Spatial relationships:

e Which geographic features connect to others (for example, Water
pipelines connects with valves.)?

« Which geographic features are adjacent to others (for example, The city
park is adjacent to the university.)?

« Which geographic features are contained within an area (for example,
The building footprints are contained within the parcel boundary.)?

« Which geographic features overlap (for example, The railway crosses the
freeway.)?

« Which geographic features are near others (proximity) (for example,
The Courthouse is near the Governorate building.)?

« The feature geometry is equal to another feature (for example, The city
park is equal to the vacant land polygon.).

« What is the difference in elevation of geographic features (for example,
The Governorate building is uphill from the water.)?

« Which feature is along another feature (for example, The bus route
follows along the street network.)?.



 How Maps convey geographic information through

spatial relationships 7

can understand and analyze geographic relationships.

that are based on location are referred to
as spatial relationships.

You as a map reader, can understand relationships
and derive information from the relative position and shape of the
map elements, such as the streets, contours, buildings, lakes,
railways, and other features.

such relationships can be modeled by applying rich
data types and behaviors (for example, topologies and networks)

and by applying a comprehensive set of spatial operators to the
geographic objects (such as buffer and polygon overlay).




* ArcGIS Desktop Products(Software)

1- ArcMap

2- ArcCatalog Pa .
3- ArcToolbox

the ArcGIS Desktop includes a suite of
integrated applications, including ArcMap,
ArcCatalog, and ArcToolbox.

By using these applications you can
perform any GIS task, simple to advanced,
including mapping, geographic analysis, data
editing, data management, visualization, and
geoprocessing.



* ArcGIS Desktop Products

1- ArcMap
2- ArcCatalog
3- ArcToolbox

ArcCatalog: the application for browsing, storing,
organizing, and distributing data.

ArcMap: the application for editing, analyzing, and
creating maps from your data.

ArcToolbox: The ArcToolbox window is the central place
where you find, manage, and execute geoprocessing

tools.

* Licenses

ArcView — ArcEditor — Arclnfo
More Functionality |




* What are ArcView, ArcEditor, and Arcinfo?

ArcGIS Desktop is the information authoring and
usage tool for GIS professionals. It is scalable as

three separate software products(LicenSES) to

meet the needs of many types of users.

ArcView: provides comprehensive mapping and analysis tools
along with simple editing and geoprocessing.

ArcEditor: includes advanced editing capabilities for shapefiles
and geodatabases in addition to the full functionality of ArcView.

ArcInfo: is the flagship ArcGIS Desktop product. It builds on the

functionality of ArcEditor with advanced geoprocessing. It also
includes the legacy applications for Arcinfo Workstation.




* ArcGIS Desktop Products
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« ArcMap is the central application .-\ c-a -5 3 R
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in ArcGIS Desktop.

« |t is the GIS application used for
all map-based tasks, including
cartography, map analysis, and
editing.

« In this application, you work with
maps. Maps have a page layout
containing a geographic window,
or a data frame, with a series of
layers, legends, scalebars, North
arrows, and other elements.

- ArcMap offers different ways to o i — T —
view a map's geographic data and

layout views in which you can ArcMap @ s used for mapping

perform a broad range of and editing tasks as well as map-
advanced GIS tasks. based analysis.




* ArcGIS Desktop Products
ArcCatalog:

ArcCatalog application helps you
organize and manage all of your
GIS information (maps, globes,
datasets, models, metadata,
services, and so on). It includes
tools to:

 Browse and find geographic
information.

 Record, view, and manage
metadata.

« Define geodatabase schemas
and designs.

« Administer an ArcGIS Server.

 Search for and discover GIS
data on local networks and
the Web.
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ArcCatalog & s used for managing

your spatial data holdings, defining your

geographic data schemas, and recording
and viewing metadata.



* ArcGIS Desktop Products

ArcToolbox wndow — 1
ArcToolbox: T ——— Lo R o
00 H T
« ArcMap The ArcToolbox window is arcToobox —
the central place where you find, + @ 3D Analyst Tools mmsmsanc; }nms
i = @ Analysis Tools
manage, and execute geoprocessing S remrsppsrsormmprr
tools. Ao "
« Tools can also be managed and & Select Tool - performs a small,
jl- Sﬂllt assantial task
executed from ArcCatalog. %> Table Select
« The ArcToolbox window contains - & g‘“."’".'
toolboxes, which in turn contain : z o
tools and toolsets (a toolset is just « @ Cartography Tools
an organizational device, like a * gf:mva“sm? Tnlnls
* Coverage Tools
system folder). o @ Data Interoperability Tools
« Tools must be contained in a * :ﬁﬁm?ﬂ Tools
toolbox—they cannot exist outside a i kB ]
toolbox Favorites |Index | Search | Resuts |

In any ArcGIS desktop application, you open the
ArcToolbox window with the Show/Hide ArcToolbox
Window button a on the Standard toolbar.




« Geodatabase C

* Introduction: The geodatabase is a collection of -
geographic datasets of various types. Merprisy

» What is the geodatabase? o .

* An ArcGIS geodatabase is a storage model used to collect geographic
datasets of various types held in a common file system folder, a Microsoft
Access database, or a multiuser relational database (such as Oracle,
Microsoft SQL Server..etc) SQL: structured query language

» Fundamental datasets in the geodatabase:

A key geodatabase concept is the dataset. It is the primary
mechanism used to organize and use geographic information in
ArcGIS. The geodatabase contains three primary dataset types:

Feature classes
Raster datasets
Tables

Table
A collection of rows, each containing the same
fields. Feature classes are tables with shape feilds.

" Feature class
‘4 A table with a shape field containing peint, line,
= or polygon geometries for geographic features.
Each row is a feature.

Raster dataset

Contains rasters which represent continous
geographic phenomena.

_____________...-’




 Geodatabase Options:

==| STREET_MAME_
Geodatabase options at ArcGIS 9.2

¢ Personal for Microsoft Access

¢ File

¢ ArcSDE technology at three levels:

+ Personal, workgroup, enterprise

ArcGIS Desktop

—
P .

ArcGIS Server
—

g Ty
4

Workgroup

- —
E m Personal
.« A’

"*--___________________________.-f’

Enterprise

‘H-._____________..-’

L‘\-.________—_______..-‘-’
Capacity

Number of users

-

o



* What is a Feature Class, Feature dataset, Raster datasets, Tables ?

= A feature:

is a spatial object ( means an object has a location on the Earth), an object
represents an entity and the entity is anything natural (Tree, River or
Mountains) or manmade (Poles, Manholes, Streets or Buildings).

= Feature Class:

|s a container of features which have the same attribute and geometry and
have spatial reference.

» Feature dataset: is a set of thematically related feature classes (typically
used to manage a topology, network, or terrain) and share the same spatial
reference.

= Raster datasets:

In raster datasets, each cell (which is also known as a pixel) has a value.
Rasters are digital aerial photographs, imagery from satellites, digital
pictures, or even scanned maps.

= Tables:

Tables manage information attributes. This means they store
information. In a geodatabase, tables usually store information about a
geographic entity.



Table A collection of rows and columns.

« Tables provide the primary storage mechanism for geographic
datasets.

* ltis one of the three key dataset types in GIS along with feature
datasets and raster datasets.

» Used to store descriptive information (attributes).

 The same fields ( Columns ) appear in each row.

= Table Formats & Sources:
1. Textfiles ( comma or tab delimited)
2. Excel spread sheets

3. dBase tables
4. Geodatabase tables in personal, file ArcSDE geodatabases

= ESRI ( http://esri.com), along with its user community, has invested a
significant amount of time to develop a series of geodatabase data model
templates that provide a jump start for your geodatabase designs. These
designs are described and documented at http://support.esri.com/datamodels.

= Geodatabase templates: you can find at the mentioned web site
geodatabase templates as well as useful documentation on geodatabase
design for many industries and applications. These models typically are a
good starting point for users, they can be extended to meet their specific
needs and requirements. You can build a test geodatabase, load some data
into it, then test and refine the design for use within your GIS.




« Difference between Object Class & Feature Class

Objects and Object Classes(Table)
o Objects are entities with properties and behavior.
o An object is an instance of an object class.

o All objects in an object class have the same properties
and behavior.

o An object can be related to other objects via

relationships.
A row stores an Object

A table stores an ObjectClass

I Attributes of World Administrative Units 2000

OBJECTID ' | FIPS_ADMIN | GMI_ADMIN | ADMII_HAME | FIPS_CITRY | GMICNTRY | CHTRY MAME | POP_ADMEI | TVYPE ENG | TWPELO| SokM | S0M
1 A& AR Agbg o A Arba ETOTS a0 s
2 AFGS AFGL.EAM BT B AFG Afghanisten 540 Provires Wleyaf 15010 85
3 AFD2 AFGL.B0G Brsighis BF AFG B ke i 20T Provires ilaryal FIGEE EE
4 AFO AF.E0K  |Badskihehen  |&F AF Alidristan BESEES [Frovince Wielaryel 43557 6 1
5 ARG AF C-BCH Eaghlain BAF AFCE Areani et an BB 53 | Privancs Wikl 15600 37
& | AFM AFG.BLK Beatch AF AFG Adghariztan TEEST [Province Welryel 1321 .49 3
: e e - — T —— =
Record: 14 4 | 0 ¥|u|  owm|m Selected | Riecords (0 out of 2587 Selected) Options -




* Difference between Object Class & Feature Class

Features and Feature Classes

©)

©)
©)
©)

Builds on the Relational Model

A feature is a spatial object.

A feature is an instance of a feature class.
Extended the relational model with

- Geometry attribute types

A feature class is a table of rows, where
ml each row has a geographic column

OBJECTID * | FIPS_ADMIN | GMI_ADMIN | ADMII_HAME | FIPS_CHTRY | GWI_CHTRY | CHTRY NAME | POP_ADMEI | TVPE EitG | TVPELG| SokM | SOM A
S Lk GER-SCT Scotiend L = Linded Kirgcdom S1E021 5 | Dévison TESEI BT 3
B LK GERVLS  Waes T GER Lirstesd Kirgom 51 277 | Division 2
BT |G GECLABE | Abkbatia [eF EQ Cecr e SFHEY Auboroess Rt BN 57
R | G GEC-AJR Ajrin e GED e ] - | Anboromeit B TES 6
[ ] GECLTBL Tl (] GED L -S| Abonem e R R0 2
B0 GHO2 GHAASH | Ashanti M GHA e FEAETY Region Regon T4
11 |GH GHABAH  |Brong-Ahats | GH G A 161 35065 | Fegion Feesgoni 5 1
812 GHO4 GHA-CHT Central OH GHA R 1SET145 |Regon Foesft 10000 42
[ R " g kA EST 2 Esrckaar ikl L "L [ S Y TFHETEAS Dasrwder Baurieur - ra-K bl N
£ ¥
ecord: 14 4 0 ||  Show[Ml Selected |  Records (00w of 2557 Selected) Optionss = |




 Methods of collecting data

1. Digitizing data
2. Collecting data in the field
3. Survey or coordinate geometry (COGO) measurements

Data integrity using DBMS storage system:

the degree to which the data in a database is accurate and
consistent according to data model and data type.

Data Integration: Involves transforming data and
maintaining it's integrity.

To help ensure data integrity, the geodatabase provides many
integrity techniques (the Allow Nulls field property, domains,
subtypes, relationships, and default values)

As well as the RDBMS provides its own data integrity features.

ESRI recommends using geodatabase features, they are more
forgiving and more powerful.



Geodatabase elements

Geodatabase

Feature dataset _'Ij

____________________

Tables ==

Raster datasets i

Feature classes

Polygon #=| Route
Line = Dimension
Point

Annotation

Raster catalogs EH

Additional geodatabase elements

Survey datasets Terrain datasets
GPS Datasets Schematics
Network datasets Representations

Relationship classes

Geometric networks

Topology >

w0

Q§>Network datasets

Toolboxes g
ﬁ Tool : Model ﬁ Script

Behavior

Attribute defaults Connectivity rules

Attribute domains Relationship rules
Split/Merge policy Topology rules

yA




 Topology:
one of the Geodatabase elements is | T10P0logy EE
= AGIS topology is a set of rules and behaviors that model how points, lines,
and polygons share coincident geometry.
= Geodatabase topologies help you to better manage your data integrity.
= Atopology serves as a description of how the features can be spatially

related.
= Topology: Monument
= s the spatial relationship between features. T _
=t Lotlines
» |t models: —— e
- Connectivity —— == Parcels

- Adjacency ?

- coincidence 4,1"19
= Topology is a collection of rules that enables (_-/)/}7
the geodatabase to more accurately model —~

geometric relationships.

= Topology can be used to model how the geometry from a number of feature
classes can be integrated.

= Topology is also used for analyzing spatial relationships in many situations.

= You can never apply topology rules unless your feature class(es) is/are
stored in a feature dataset.




Lines A and B have endpoint nodes

Polygons A and B have shared ¢, d, and e.
nodes ¢ and d and shared edgee.  Lines A and B share node e.

Some examples about adjacent features:-

Area features can share boundaries (polygon topology).
Line features can share endpoints (edge-node topology).

Line features can share segments with other line features. For example,
parcels can nest within blocks.

Area features can be coincident with other area features.

Line features can share endpoint vertices with other point features (node

topology).
Point features can be coincident with line features (point events).
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