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Objectives

Alntroduce participants to geospatial data storage models



Outline

AWhat are GIS data models?
Almplementation of GIS Data Models
ATypes of Geospatial Data

AVector Model

ARaster Model

AData Modelling Process



GIS Data
Models

Facilitate the representation of
geographic featuresn real world
locationsdigitally so that they
can be stored in a database.

Allows abstract representation in
map form and can also be worke
with andmanipulatedto address

aproblem.




Implementation

wData Is organized by layersthemes
with each layer representing a
common feature.

wlLayers are integrated using explicit
f 20 U0A2Y 2y UKS

wA spatial reference system become
critical for ensuring accurate
overlaying of layers
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Types of geospatial data

Cartographic/Spatialobservations on spatially distributed features:
APoints
ALInes

AAreas (Polygons)
Non-Cartographic/Attribute- descriptive information about the
cartographic features:

AAttributes

AAttribute Values



Raster
Models

Area Is covered by grid with (usually) egaied,
sguare cells

Attributesare recorded by assigning each cell a
single value based on the majority feature

(attribute) in the cell, such as land use type

Imagedata is a special case of raster data in
GKAOK GKS al GGNROGGOIzi S¢E
the geomagnetic spectrum. cells in image data
often calledpixels(picture elements)




All geographic features in the real world are
represented either as:
points or dots fiodes) trees, poles, fire plugs,
V t airports, cities
M d I lines (@rcs) streams, streets, sewers,
Areas polygons) land parcels, cities, counties,
forest, rock type
Because representation depends on shape, the
files are commonly referred to ahapefiles




Spatial Data Structures
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Vector Data: stored as geometric Raster Data: stored as image files
objectsc points, lines, polygons composed of grigells (pixels)



Spatial Data Structuresant)

AT

(1) REAL WORLD

Y-AXIS

8 8 8 8 8 8

100 200 300 400 500 600
X-AXIS
(2) RASTER REPRESENTATION (3) VECTOR REPRESENTATION



1
X
X | |
. n
X X .
X
X |}
X n
X
Vector Point Features Raster Point Features
Vector Line Features Raster Line Features

Vector Polygon Features Raster Polygon Features



Vector Model

A 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
Ines (arcs): streams, streets, sewers,

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

A Vector model is best used to represent features with discrete
boundaries (roads, buildings, lakes, rivers, administrative boundaries)

At KA A Y2RiekevargHingadccus> A PSP A G TA
every object.



Representing features In vector data

ARealworld entities are
abstracted into three
basic shapes:

APoints
Alines
APolygonS Retail stores .. Streets Land uses
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Impact of
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map scale Ly
Large scale | A
Smaller area "\ '3
A Map scale determines th More detail il
size and shape of feature 1:25000
Small scale ‘City
Larger area
Less detail 1:250000

1:25000



Components of vector data

Streets °

Geometry I Attributes I Behavior I

STR_NAME srn TYPE |~
& R’VERV,E S CONE CAMP Rules:
BEATIE 2 i w =i
b OPAL RD
WATERs £ x4 T8 | CHURCH 5T Streets and
lq E—E 3 & [ [DISHONG ST )
—— STATE 30 HwWY
S| mwer—5 e [C|STATE 30 HWAY hlghways may
< ) = DOY STATE 30 HwWY .
o] g9 1 STATE 20 HwWAY
Pl [TTBTE[TTHEI T loed i A not Iintersect
Y] = e OPAL A _';l
rZ: > “Ghﬂ:g] _‘.I _.' L
;I E -~ Record: L‘_]_‘_" 1 blnl c

AEach feature corresponds to a record in the attribute table



Advantage:

wanalysis tasks that require accurate positioning,

wfor defining spatial relationship (i.e. the
connectivity and adjacency) between coverage
features (topology),

Ve CtO r wimportant for network analysis (for example to

find an optimal path between two nodes in a

M O d el S complex transport network)
Disadvantage:
wboundaries of the resulting map polygons are
discrete (enclosed by wellefined boundary
lines), whereas in reality the map polygons may
represent continuous gradation or gradual

change, as in soil maps




Raster Model

A Area is covered by grid with (usually) egseied, square cells organized in rows
(horizontal) and columns (vertical)

A ¢KS Y2Rw®8hatoicBdeletywhere 6 aLJ OS FA{E Ay IO X
value (even if that value NMoDatg

A good for representing indistinct boundaries

C thematic information on soll types, soil moisture, vegetation, ground
temperatures

A ImagedataA & | &LISOALFf OF&S 2F NI} aldSN RI
reflectance value from the electromagnetic spectrum

- cells in image data often called pixels (picture elements)



A raster’s position (spatial location) is defined by assigning x,y ' Spatial resolution of
coordinates to one or two corners. The positions of the cells | a raster is defined by

themselves flow from this reference point. its cell size (1m, ...
. 20m,..., 50m, ...,
‘Upper-left corner Cell Size _ 100m, ...)

Value Fire Spread

Day 1
Day 2
Day 3
Day 4
Day 5

i D WN

Rows Columps’

Values can also be nominal or ordinal
when something is not measured but

Each cell in the raster contains a L ;
classified into categories or themes.

value. Values can be numeric: integer
or decimal numbers.



A Size of grid cell used to represent the surface being modelled

Raster Spatial

Re SO I utl O n A It relates to the size of the smallest feature that can be detected

1 m Grid 10 m Grid



Components of
raster data

A Attributes are recoded by assigning
each cell a single value.

Grid

Longitude 104.017630
E levabon 1635
Water Dy Land
Slope 46
Aspect Westerly
Rehet 500-1700
Covertype Forest
Forests Good
Sods Lowdand
Districts Distnict 2
Roads No Road
Locations 0
Housing No Houses
Entie 1
Roughness 315




Advantages:

wgood for representing indistinct boundaries
such as thematic information on soil types, soill
moisture, vegetation, ground temperatures

was reconnaissance satellites and aerial surveys
R aSter use rastetbased scanners, the information (i.e.

scanned images) can be directly incorporated

' GIS
models

wthe higher the grid resolution, the larger the
data file is going to be

wgeneralisation
wloss of unigue features




Spatial data formats
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Data Modelling ProcegsStep 1

Aldentify possible features from the real world (vector data for the example

below)

N N N N N N

Buildings

Road centrelines
Lamp columns

Gas pipes

CTV Access covers
Road surfaces



Data Modelling ProcegsStep 2

ASelect a method for representing the feature in the GIS

D N N N N N

o D Point
Buildings
Road centrelines
Lamp columns ‘ Vil Line
Gas pipes
CTV Access covers
Road surfaces ‘ Polygon




Data Modelling ProcegsStep 3

AUse the selected method to represent the feature in the GIS

Feature: Building
Shape: Polygon




Data Modelling ProcegsStep 4

Aldentify appropriate attributes for the feature

Name
Address:
Town:
Owner:

Tel. No:
Floor space

Next Store

5 Market Place
Kingston

Ms J Shore
0181 547 1245
1300sgm



the key properties of spatial data

A Projection:the method by which the curvedB surface of the earth is represented by X,Y
coordinates on a-D flat map/screen

A distortion is inevitable

A Scalethe ratio of distance on a map to the equivalent distance on the ground

A in theory GIS is scale independent but in practice there is an implicit range of scales for data output in .
project

A Accuracyhow well does the database info match the real world

A Positional how close are features to their real world location?
A Consistencydo feature characteristics in database match those in real world
A is aroad in the database a road in the real world?
A Completenessre all real world instances of features present in the database?

A Are all roads included. _
A Resolution:the size of the smallest feature able to be recognized

A for raster data, it is theixelsize

The tighter the specification, the higher the cost.



Metadata Standards



Alntroduce participants to the principles of metadata usage in GIS
AFamiliarize participants with common metadata standards in GIS



AWhat is Metadata
AUses of Metadata
Almportance of Metadata
AMetadata Standards
AMetadata Elements



AdaSil RFil LINPGYARSa AYTF2NXI
the extent, the quality, the spatial and temporal schema,
spatial reference and the distribution of digital geographic

R I {clS€ 19115:2003

ASummary document that describes the content, quality,
format, creation, source and other characteristics of data.

AMetadata answers who, what, where, when and how
about every facet of the datasets that are being

Wh at |S documented.

AMetadata exists to provide potential users with the
Information which they require to make an informed
decision about the adequacy of data for a particular
purpose.

metadata?
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Uses of

metadata

Organise and maintain an
2NHI YAL FGAZ2Y Qa

Provide information to data
catalogs and portals

Provide information to aid data
transfer
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will be lost and the data may lose their value. Later workers may have little

understanding of the content and uses for a digital data base and may find _
UKFG U0KSe OFyQu U0NdX¥zad NbadzZ da JISYSN

AComplete metadata descriptions of the content and accuracy of a geospatial
data set will encourage appropriate use of the data. Such descriptions also
may provide some protection for the producing organization if conflicts arise
over the misuse of data.



2. Provide information to dateatalogsand portals.

AApplications of geographic information systems often require many
themes of data. Few organizations can afford to create all data they
need. Often data created by an organization also may be useful to
others.

ABYy making metadata available through dattalogsand
clearinghouses, organizations can find data to use, partners to share
data collection and maintenance efforts, and customers for their data



3. Provide information to aid data transfer

AMetadata should accompany the transfer of a data set. The metadata
will aid the organization receiving the data to process and interpret
data, incorporate data into its holdings, and update intercethlogs
describing its data holdings.
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%Identifier
RADARSAT 1 SCENE D N

SCENE 1D

RS!I ORDER NUMBER
GEOGRAPHICAL AREA
SCENE START TIME
SCENE STOP TIME

ORBIT

ORBIT DATA TYPE
APPLICATION LUT APPLIED
BEAM MODE

PRODUCT TYPE

FORMAT

NUMBER OF IMAGE LINES
NUMBER OF IMAGE PIXELS
PIXEL SPAC
SCENE CEN
CORNER COORDINATES

9152372 N
781943 91" W

8'251307TN
780914 45" W

For information on RADARSAT

(c) Canadian Space Agency 1997 agence spatiale canadsenne
Processed and Distributed by Radarsat Intermnational

RABRAR SAT 51 Sl Rosd, S

CEQS format sse inside of insert or type README TXT

MO129815
97-845.010
PANAMA
AUG 26 1997 23:30°21 254

AUG 26 1997 22 30:35 411

9453 ASCENDING

DEFINITIVE

MIXED

SAR STANDARD 8 BEAM
SINGLE LOOK COMPLEX (SLC)
RADARSAT CEOS

19138

8534
1158x51m
8'S6'N T 44W

9'2TMe 70N
T 21063"'W

8'3713.78° N
77°1100.81" W

—

Jdient Services -

Contact information




AProvides an inventory of data assets

AHelps determine and maintain the value of data
AHelps you determine the reliability and currency of data
ASupports decision making

ADocuments legal issues

AHelps keep data accurate and helps verify accuracy to support good
decision making and cost savings

AHelps determine budgets because it provides a clearer understanding
of when or If data needs to be updated or repurchased




AOfficial standards organizations define metadata standards.

ABy adhering to common metadata standards, organizations are more
able to share data.

AAnN important standard in the United States is the FGDC Content
Standard for Digital Geospatial Metadata.

AThe International Organization for Standardization (ISO) has also
created a spatial metadata standard






