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Topic 1.

GIS Fundamentals
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Topic Outline

What is a GIS?
Components of a GIS
Functions of a GIS

Data Models used in GIS
Components of Spatial Data
GIS Software

The GIS Process

-2

COMITE REGIONAL DE L
NACIONES UNIDAS SOBRE
LA GESTION GLOBAL
- DE INFORMACION GEOESPACIAL AC
PARA LAS AMERICAS

UN-GGIM:Ameéricas Association of Caribbean States A M E"c I
As ~— Asociacion de Estados del Caribe Aod
AGENCIA MEXICANA
S AEC DE CO ll RACION INTERNACI
PARA EL DESARROLLO

SO
Association des Etats de la Caraibe

ONAL



..... everything that happens, happens somewhere.
Knowing ‘what’ is ‘where’ and ‘why’ it is there, can be
critically important for decision making. GIS Is the
technology as well as science to help answer these types
of questions and for making intelligent decisions based on
space and location.... ”

Pinde Fu and Jiulin Sun
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What 1s GIS?
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What is GIS?

* Is it mapping???
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What is GIS?

customers

« What's the GI?

Geographic/Geospatial

Information

— Information about places on the
earth’s surface

— knowledge about “what is
located where”
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What is GIS?

« ...four main perspectives of the trailing “S”

Systems Science

...historical and current
educational emphasis

...Increasing and future
educational emphasis

Specialist Solutions
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GI1S

Geographic Information System

Maps + Database
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What 1s a GIS ?

A Geographic Information System (GIS) is an organized collection of
computer hardware, software, people, data and workflows designed to

efficiently capture, store, query, analyze and display of all forms of spatially
referenced data.
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What 1s GIS?

Geographic Information Systems (GIS) is a set of tools that
Integrate and link various components: hardware, software,
human capital, data and processes; that capture, store,
manage, analyse and model large amounts of
geographically referenced information in order to meet the
needs related to planning and management
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What is GIS?
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Digital
Mapping

Computer
Aided
Design

Photo-
grammetry

Remote
Sensing

Cross-disciplinary nature of GIS
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Components of a GIS

Six parts of a GIS
 People: users

¥ Sorware » Software: desktop
- clients, web browsers

- Data: spatial features

e Procedures:
Data workflows

e Hardware: servers,
workstations, plotters

 Network: intranet,
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Functions of a GIS
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SINGLE-

~ FileGDB

[
[ Personal GDB ]

Storing Data

[ Enterprise GDB )

orkgroup

G?B

[ Desktop GDB

 GEODATABASE (GDB) |
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Query

* |ldentifying specific features

Identify o x
Identify from: <Top-most layer> - 5 e LT
Vol [ Spa s /-
E-TRN_Censtituendes Location: | 679,858.533 1,183,076.092 Meters et St J
.. TUNAPUNA ‘ ') = -
=B I !
Field Value ] ’
AREA 50433246.375
PERIMETER 47774.560749
NAME TUNAPUNA
Shape_Length 40688.5624975
Shape_Area 69688905, 135918
Mo. of Electors <null =
o O TN &

Identified 1 feature

« |dentifying features based
on conditions

Trinidad Constituencies with an
electorate greater than 28,000
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Analysis

E ]| i parces are it com ot the rosa? Which parcels are
R @kj | within 50 feet of the road?
.
Q
m ,@@%%\ NA
X=d4,733 455,145 We" type Drllled

¥=2,425,103,229 Building owner  Smith
Soil type Sandy

W/

Proximity

|

Overlay

‘.\ LY e
accident

e

Network _ <
hospital

L\
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Output

Paper map Internet

/ Parcel Information Page - Miciosaft Internet Explorer
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Trinidad.mxd

Trinidad.jpg
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GIS DATA

* A GIS comprises traditional data found on a map
and more...

e |t utilizes two basic types of data:

e Spatial data: * Attribute data:
— describes the absolute — describes the
or relative location of characteristics of the
geographic features spatial features

— Quantitative or qualitative

— Also referred to as tabular
data (or Aspatial)
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Example

The boundary lines of a parcel would be its spatial data

UTM
COORDINATES
N—1236593
E—-740205

wIDE
//

The characteristics of that parcel: eg. ID, Owner, area,
perimeter, address, value, would be attribute data!
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Linking Spatial and Attribute Data

Spatial data Attribute data
* specifies location * specifies characteristics
« stored in a geodatabase (what, how much, when)
or similar GIS file » stored in a database table

The two are ‘Linked’ using relational
database tables
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Linking Geometry (spatial) and
Attributes

« Geospatial data (features) are stored in tables

« Each feature has a record (row) in the table
— A unique identifier links feature and attributes

FID | Shape | AREA | PERIMETER| PARCEL_ | PARCEL ID | ZONE_CODE | LU_CODE 2
[ 4102 [Polygon | 5442072 1136566216736 1103 4175|LMDR. RES
| §142.507 |392.7513727349 104 4176 |LMDR. FES

4104]PolygoiNG492.797 [333.9707078642 105 1177|L0R RES CEE&| % R@|o | & [ae 548

105 Prlvrinn 35R4 1115 ARI7NIAARN 10K ATRIVAC | WAL

!
Record 14| ¢] N »|n of *g144 ®| _Oplions

FID =4103

(Feature IDentifier)
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Land Information System

CAMA
y Property 1D 291402014025000006|
| Property Address 7355 Catboat Ct
\ City Fishers
IN

' Zip 46038

Year Built 2010
Assessed Value Land | 47000

Assessed Value 1222700

Improvements
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Components of spatial data

« Spatial data can be described in terms of:
— geometry, location, and topology OR shape, place and
relationship to other spatial data
Geometry Attributes
Attributes of street
sbarie ST R T e —
wateRs S e —
5 E_L| ——8 STATE®D [rhw
E'zE— RTZELL 2 — STATE 30 Huwr'
S| [TT% g ||—rﬁ| STATE 0 [HwY
Ew‘ - EEG;HL i a _—
U DR Y A Behavior Recard: _I_II—_IH C
Connectivity
Relationships

......
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Representing Reality:
The GIS Data Model

GIS World Model

Imagery

The Real World

Elevation
Transportation

Addresses

Boundaries
Water Features

Survey Control

Your Data

* The real world is broken up into its co\nsﬁtuent parts and organized into
spatially referenced layers or themes, with each layer representing a common

feature.
* A spatial reference system becomes critical for ensuring accurate feature
overlaying
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The GIS Data Model:
Purpose

Allows the geospatial features in real world locations
to be digitally represented and stored in a database so
that they can be abstractly presented in map form, and

can also be worked with and manipulated to address
some problem.
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Raster vs. Vector Representation

55
ﬂ;em. WORLD
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1 2 ¥ 4 8 67T 8 8 10
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9
100
10
100 200 300 400 500 600
X-AXIS
(2) RASTER REPRESENTATION (3) VECTOR REPRESENTATION
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Raster vs. Vector Representation

T
x u
i X _HE |
. -
X x = T
x
X | | =
X N
. .
1T
M|
Wector Point Features Raster Point Features

“Wector Line Features Raster Line Features

Vector Polygon Features Raster Polygon Features
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VECTOR MODEL

The fundamental concept of vector GIS is that all geospatial
features in the real world can be represented either as:

— Points (nodes): trees, poles, fire plugs, airports, cities

— lines (arcs): streams, streets, sewers,

— polygons (areas): land parcels, cities, counties, forest, rock type

Vector model is best used to represent features with discrete

boundaries (roads, buildings, lakes, rivers, administrative
boundaries)

This model tells “where everything occurs’, i.e., it gives
location to every object.
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Representing features in vector data

« Real-world entities are abstracted into three geometric shapes:
— Point
— Line
— Polygon POLYGON POINT LINE

\ |

* Each feature typeis  [meoi@es == " 1
EEESE A=
stored in a separate " o v
A
=
h .I £ Primary School
shapefile or feature P
- - e
class. o ;
B Communities_2
O »
=] POS_proper '? .P
* Each feature class 5
contains a table in I - —
. . Table
which each row is a e amos
. Schools
record representing S — scroo. st J T —mweses Tt T rowrx T rowry
o » 47 Pu?nt 52 Cun.apuR, CCCCC Br'nr?ySira.et | 4 Sangra-G rrrrr Pr?marySt:h\ml 704059 272635 117073:1]42541
one of the spatial ot [ [T 1L TN Py Shoo | 71255 v |_riesrs e
(L} 47 r M %E (1 out of 579 Selected)
features in the file.

®
E ¥ ECTONA
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Impact of Scale on Vector Models

Map scale determines the size and shape of
features

Large scale
Smaller area '. |
More detail R
1:25000

NG Small scale city

Larger area e

Less detail 1:250000

1:25000
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Raster Data Model

* Area is covered by grid with (usually) equal-sized cells;
— Cells often called pixels (picture elements).
— Origin is set explicitly.
— Cell size is always known.
— Cell references (row/column)

- x-location
origing "l

are known. 11844l a]0|5]|9]8]4]¢4

— Cell values are referenced to G||9|5|4|0|6|o|o|7|4]6
row/column location. lol7 27 lelala|7]3]c

« Values represent numerical Gl I A A A B I I I I
. 21767579074

phenomena or index codes P e e e ey Py ey
for non-numerical phenomena. 7|8|7|3|0|s|0|0]|s]2
518 |a|s|b |5 |3 ]2]2][1

BlZ2 34|69 |01 ][4

e |o|s|1 3|66 |4]4]|1
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Raster Data Model

« Advantages of raster over vector
— Simpler data model
— Faster processing and display
— Additional analytic tools

— Better for unbounded phenomena

Real world

(like soll pH and elevation)

« Disadvantages of raster

As vector

— Generalization
— Loss of feature unigueness

As raster
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Raster Data Model

« Attributes are recorded by assigning each cell a single

value

Raster data are good at representing continuous
phenomena, e.q.,

— Wind speed e Wl
— Elevation, slope, aspect 5«5: Dmﬁ-is |
— Chemical concentration - s
— Likelihood of existence te =

of a certain species e e
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Raster types based on cell values

* |In terms of the cell values, rasters can be divided into three types:
— Image
— Interpolated and,
— Thematic

* Image rasters have values (Digital Number, DN) that represent
measurements of energy (electromagnetic reflections) as captured by a
sensor (camera)

 These image raster cell values are usually whole numbers (integers).




Raster types based on cell values

- Thematic rasters have cell values that represent a particular theme,
category/code or class (nominal or ordinal data).

 _Cell values in Interpolated rasters usually represent measurements
such as elevation, precipitation, soil pH, etc. These values are usually

Cell Value 1= Gentle slope
I Cell Value 5= Steep slope

ble Of Contents fx
[Ble s
5
= L8 Z:\Virtual Machines\Trinidad data\]
= # DEM_30_2
<VALUE>

Il -48.92199707 - 197.1606201
Il 197.1606202 - 415.9007243
[ 415.9007244 - 614.1339437 | &
[1614.1339438 - 791.8602783
[ 791.8602784 - 1,010.600382

interval or ratio data.

=1 layers
= slope
Value

Steep: 5
W Steep

Gentle : 1

x1lcorner 746288,3275

yllcorner 1235168.5712

cellsize 30

NODATA value -9999

19.91025 54.86837 103.9779 151.9438 197.4613 204.3707
222.1926 250.976 262.9222 255.4345 17.85805 49.51427
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220.6819 247.2456 268.6742 -11.49579 3.683871 28.46475
55.15103 81.33673 100.2705 112.846 127.4664 152.0141

< 1185.1148 213.8773 239.0726 -23.83092 -13.77093 -
0.85925684 13.60647 30.99853 47.39843 68.24485 100.1739
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1 - <
m277eees - eoateaze || 4f o o }" AT Y.
a dem_ascii.bxt - Notepad -
File Edit Format View Help
ncols 272
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Modelling the Real World

* Objects in the real world
are digitally represented
then stored in a
database.

 Either a vector or raster
data model can be used.

* |tis common to use both
data models to represent
different features over a

selected project area.
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Data Modelling Steps

« Step 1 - ldentify possible features from the real world
(this example uses the vector data model)

— Buildings
— Road centrelines

n_ g |

— Utility poles
— Water lines
— Manholes

— Road surfaces
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Data Modelling Steps

« Step 2 - Select a method for representing the feature in
the GIS

‘ Point
/‘ Line

’ Polygon
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Data Modelling Steps

« Step 3 - Use the selected method to represent the
feature in the GIS

Feature :  Building
Shape: Polygon
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Data Modelling Steps

« Step 4 - ldentify appropriate attributes for the feature

ID : 345876
Name : Some Store
Address : 5 Market Place
Town : Some Town
Owner : Ms J Shore

Tel. No : 868 5551234
Floor space : 1300 sg m
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Commercial GIS Software (COTS)
@ asri = Maplnto

=1 Bentley
'anif'old.net

G csoviedia

{\ AUTODESK
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Opensource GIS Software (FOSS)

DESKTOP INTERNET GIS

l‘ - ™
\/@ rgg MapWindow
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Factors to Consider

 Budget

* Functionality

« Maintenance

« Technical Support

* Training

« Existing infrastructure
« Community of users
« Datasets

« Customization



Data Sources

The GIS Process

Geospatial Information processing begins and
ends with the real world i"
\/

Analysis
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UP NEXT .....

Activity : Manipulating Geospatial Data In
QGIS/ArcGIS

LA GESTION GLO! AGENCIA MEXICANA
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