Nottingham r The University of
A~

Geospatial Nottingham

Institute UNITED KINGDOM - CHINA - MALAYSIA

>

4
AR world-changing research
‘\‘ - from The University of Nottingham

Introduction to GIS

Suchith Anand



Nottingham r The University of
A~

Geospatial Nottingham

Institute UNITED KINGDOM - CHINA - MALAYSIA

Introduction
What is GIS ?
Spatial Data Models

Fundamental GIS
e Map generalization

Applied GIS

Future Study links



Nottingham r The University of
A~

Geospatial Nottingham

Institute UNITED KINGDOM - CHINA - MALAYSIA

What is a Map?

A map is a visual representation of an area (can be for any
space not just geographical)

More importantly, Maps helps us make sense of the world
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World Map of Vegetation on Earth

World map of vegetation data collected by the Suomi NPP satellite (National Polar-orbiting Partnership) in a
partnership between NASA and the National Oceanic and Atmospheric Administration (NOAA). Image Credit:
NASA/NOAA

Herbal Earth: Spectacular Vegetation Views of Our Home Planet and the Natural World of Living Green Life by Ken
Kremer
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World Map of the Different Writing Systems
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What is GIS
¢ ] %

Science System

Services

GIS is multidisciplinary (Engineering, Computer
Science, Statistics, Mathematics, Geography,
Psychology, Philosophy...)
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Layered (usually digital) information linked to

location, usually visualised as a map.
Coordinated layers of

« Imagery
Elevation
« Transportatior
« Addresses
« Boundaries
« Water
features
« Survey
Control
GIS World <« Your data
Model

A
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Map

= Satellite imagery

= Photographs, links to
reports

= Digital Terrain Model

= Soil data

= Seeding

= Crop data

= Dressings and
interventions and
auditing

= Hijstorical data

= etc....
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Geographic Information Systems

Refers to the specialized set of information technologies
that handle georeferenced data

Data acquisition Data analysis

° Aenal |mag|ng sStatistical analySiS

. GNSS *modeling
 Remote sensing
« Land surveying
Data
Data storage visualization

&manipulation
sGeovisualization

"imaging

* image processing
« DBMS
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UCGIS GI S&T Body of Knowledge

10 knowledge areas

/3 units

329 topics

1,600 formal educational objectives

Geographic Geospatial
Information Science <:> Technology

"\

Applications of GI
Science & Technology
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GIS is composed of

Software
Hardware
Data
Methods
People
Network

Exercise — give examples of each
Past — 20 years back

Present
Future — 10 years from now
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= A record of what you have done in
the past

= A way of assessing what you are
doing now

= A tool to plan for the future

= Jt connects and can be used to
interpret different types of data

= [t supports informed decision

making -
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Exercise

Examples of GIS in use in different domains
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Spatial Data Models
Vector

Raster

Triangulated Irregular Networks (TIN)
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Vector Data Model

Used for defining Discrete objects (attributes and coordinates)
Three basic types

e Point

e Line

e Polygon

Exercise — give examples where this model is used? What are
the advantages and disadvantages
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Raster Data Model
Represents continious objects (temperature or elevation)

Regular set of cells or pixels incase of imagery ; grid pattern
(matrix)

Exercise — give examples where this model is used? What are
the advantages and disadvantages
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Applied GIS examples

Network of European Regions Using Space Technologies

The NEREUS video "The voice of regions for Space” regional
examples of space based services (EO/GMES, GNSS,
Telecommunication etc.) for the benefits of regions and their
citizens.

http://www.nereus-regions.eu/NEREUS videopage



http://www.nereus-regions.eu/NEREUS_videopage
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Fundamental GIS example

Map generalization is one of the fundamental research
areas of GI Science

Verbdal, numeric, and graphic means
of representing scale

P T
1 inch equals 1 mile 1:63,500 0 5 10

miles
BLC: di93
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sci-ence i) [sahy-uhns] [Z
ourn
1. a branch of knowledge or study dealing with a body of facts

or truths systematically arranged and showing the operation
of general laws: the mathematical sciences.

2. systematic knowledge of the physical or material world
gained through observation and experimentation.

3. any of the branches of natural or physical science.
systematized knowledge in general.

-

Ability for showing the
operation of general laws

5. knowledge, as of facts or principles; knowledge gained by

systematic study.

&2 EXPAND

Geospatial
Standards (for
ex. OGC spec.)

OoGC

Open Geospatial Consortium, .

¥ OpenGlS® Standards
Catalogue Service
CitwGL

Coordinate Transformation

Filter Encoding
Geographic Objects
Geozraphy Markup
Language

Geospatial eXtensible
#ccess Control Markop
Language [GeoXACML)
GARL in JPEG 2000
Grid Coverage Service
anL

Location Services
[Openli)

® Obzervations and

@ @ 6 8 @ & a

a @ a o

fheazurements
® Senzor Mhodel Language
Senzor Obzervation

@

Service
Senzor Planning Service
Simple Features

Simple Features CORE#A
Cimmla Fastiras (1 F SO

@ 8 0 @

is fundamental for

scientific research

Open Data

BETA

data.gov.uk
Opening up government

OpenStreetMap

The Free Wiki World Map

Search Where am I?

| [69]

examples: "Alkmaar’, 'Regent
Street, Cambridge’, 'CB2 SAQ’, or
‘post offices near Linen’ mere
examples...

OpenStreetMap is a free
worldwide map, created by
people like you.

The data is free to downlead and
use under its open license. Create
a user account to improve the
map.

Maturity of open

source software (for

ex. OSGeo stack)

OSGeo Projects

Wi eb PMapoing
desegree
Maphendaer
MapBuilder
MapSuide Open Source
MapServer
DpenLlavers

Desktop Sapplications
SRASS GIS
OSSIM
uantum SIS
gQwSIs

Seospatial Libraries
FCi
SDal OSSR
SEOS
SeolTools
MetaCRsS

Metadata Catalog
Seakletwork

Zther Projects
Public Geospatial Data

Education and Curriculum

Project in incubation
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Open Standards — Key for interoperability and lower
costs

= >

tions C 3 : = = = ri

en Source, Open Standards and Re-Use: Government Action Plan | Cabinet Office - Mozilla Firefox

< > ﬂ |M http:/fwww.cabinetoffice.gov.uk/resource-library/open-source-open-standards-and-re-use-government-action- v| |-‘]v cabinet office open source L= |

Most Visited~ [&] Getting Started [5] Latest Headlines~

# Open Source, Open Standards a... =]

Contact us | Press Office | Subscribe | News | Resource library

- -
CabinetOffice ——
About the Mational Security Constitutional Government Transparency Big Society Gowvernment:
Cabinet Office Reform Efficiency How it works
Open Source, Open Standards and Re-Use: L e
Government Action Plan b Roepiiaiiy 2030 oo

hospitality 2010
2. Procurement Policy Note —
Legislative Proposals for the

Revised Procurement Directives
Downloads and new Directive on

Concessions

3. Machinery of Government
explanatory notes

An Open Source strategy for Government
File type: T PDF - Portabile

Document format | File si
4. Mational Citizen Service -
delivery partners 2012

5. Written Ministerial Statement -
Embed downloads Civil Service Pensions

<gl=<li=<a ttp: /e, Caiby

View all resources

Publication date: 2

SHARE =,

Quick Links

About us National Security Constitutional reform Gowvernment Efficiency Transparency
Oour i o]

News: Resource Library
Latest news > uments and r
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Open Data - key for innovation and transparency

data. gov.ukﬂm |
Opening up government

pes Data m Consultation Forum Blogs Ideas Linked Data Resources About

£2] Apps
Numberhood
E E A(’;%’ 1?!‘.\ - it Cavmew = * - - »

UK Ph S e ot et e o Gt : -
E armacy S N - " —_— Share this Sl £ 4in)

Ngw== 2y -~ Oy s ot 8 :
".\'\F A X p—— ; oy What are apps? | View all apps

OECrmastats UK Crime Superdrug Pharmacy
 Stats o [ This wide range of apps can provide you with
information on everything from local services
information, to managing finance, and even
environmental issues to name but a few.
Search the apps list to find out more.

Search Apps

E ondon Cycle g Pharmacy

Find your nearest pharmacy quickly and easily on your iPhone

PAUSE

Popular tags View all tags

[crme c19) focat authory (12 ] ondon 12) [ schoots 10)
o @ [ povicode @ T EX
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The Free Wiki World Map

The world’s largest collaborative geospatial database made by the
volunteers
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Milestones in Open Source GIS

1982 - GRASS (Geographical Resources Analysis
Support System)

1992 - Open GRASS Foundation (OGF)

1994 - OGF was re-structured as the Open
Geospatial Consortium (OGC)

2006 - Open Source Geospatial Foundation
established



05Geo.org | Your Open Source Compass - Mozilla Firefox

Fro| & . 0
<,:| v g @ &) | http:/fwww.osgeo.org/ v| *§~ |osgeo
fi5 Most Visited~ [g| Getting Started [&]Latest Headlines
(% 0SGeo.org | Your Open Source ... | 5F v
-
o
) The Open Source Geospatial Foundation...
0SGeo Foundation " ™
Home Created to support and build the highest-quality open source geospatial software. Our goal is to encourage the use and
About the Foundation collaborative development of cq-mmumty-led projects. Join us by signing up to our mailing lists or check out the Getting A
FAG Started page to become more involved. - ' ___'“\
Sponsors . __——
WS <
Sponsor 0SGeo News Community Blogs
Incubator 0SGeo and the International Cartographic Dylan Beaudette: Experimental 54 Classes and Methods added FOS S4G
Swag Store 2011-09-27 Association (ICA) sign MoU to AQP (Algorithms for Quantitative Pedology) Packaoe DENVER 2011
Contact ) 0SGeo News: 0SGeo and the International Cartographic September 12-16
i . 20110907 OS5Geo-Live 5.0 Released Association (ICA) sign Mol
OSGeo Community 2011-08-22 OSGeo Board Election Results o .
Welcome Jackie Ng: A screenshot to tide you over
: e o
Member Area r2_011—07 =) DEEED B E FEie A Arnulf Christl: Two busy weeks touring Asia
; more
News 2 | submit News Darren Cope: QGIS Topological Editing s ™
Events _ ] Support 0SGeo
Wiki Up::oming events SEXTANTE Team: Out of office
Mailing Lists i Donate
) _ SEXTANTE Team: R
Education 2011-11-02 Jornadas SASIG 4, Guimaraes. Portugal Eam
N ) -
Blogs 2012-06-23 Bolsena Hacking Event 2012 Stefano Costa: SVG Pottery: the documentation is now available E VISA El
» Books . P . i 5 .
ENE . . more BALIZ-Media.com: Geomatique 2011: guelques faits saillants de . Y,
IRC B = | Submit Upcoming Events cette semaine GEO au Québec
Service Providers ) )
Journal Jody Garnett: Mothing to see here -~ ) -\
Sol Katz Award Andreas Schmitz: Setting up eclipse using maven OSGeo Projects
Local Chapters Matt Sheehan: Offline Mabile GIS Web Mapping
Spotlights deegree
Gallery Matt Sheehan: Q&A — Mobile App Development Planning gEOMEjas
i Geos
Live DVD Sandro Santilli: PostGIS topology IS0 SQLMM complete Mzb;:‘;?r
Language MapB uilder
maore .
o ENOISN MapFish
o Bwarapckn MapGuide Open Source
- Stay Informed, Get Involved MapServer
o EfEFZ OpenLayers
+ Deutsch = Stay informed by subscribing to our announcements e-mail list. L
e Francais ' o ' ) . Desktop Applications
- = Get involved by subscribing to our discussion e-mail list. GRASS GIS
* Indonesian = Start contributing by following the instructions on the Getting Started page. Quantum GIS
* |taliano SIG
* A& . ) .
. 52N Geospatial Libraries
* Mederlands FDO
GDALIOGR




The Projects

MAPSERVER
Jeegrocl gy cesserver |

Y[ geona s
Ma

ﬁ OpenLayers
ey o
- Open Source

MetaCR
S

PROJ.4

= Proj4js
CS_Map
5 GeoTools GeoTiff/libgeotiff
SanmiR; SpatialReference.o
GEOS @ e
Source Pl’Oj4J

Open Source Opportunities in GIS — Summer School. Girona 2011



L/0sGeoLive

| Home | Standards | Metrics | Sponsors | Contact Us
English | Espanol | Catala | Francais | Deutsch | Italiano | Polski | EXAnMvika | Pycoa | 3T | 8H=04 | B
Welcome to OSGeo-Live 10.0

OSGeo-Live is a self-contained bootable DVD, USB thumb drive or Virtual Machine based on Lubuntu, that allows you to try a wide variety of
open source geospatial software without installing anything. It is composed entirely of free software, allowing itto be freely distributed,
duplicated and passed around.

It provides pre-configured applications fora rangeof &
geospatial use cases, including storage, publishing,

viewing, analysis and manipulation of data. It also br[ov-ser SR8 s Sampls duca
contains sample datasets and documentation. LHET -
To try out the applications, simply: 'ﬁ
PR . CosiseT & \Web service® Ylarigiion
1. InseLt_ DVD or USB thumb drive in computer or virtual Manajmm ‘ ‘ wuduuw
machine. \\ 4'._ e
2. Reboot computer. (verify boot device order if UF’ \ A ¥
necessary) ;

“ " 4 Databases
3. Press “Enter” to startup & login.

4. Select and run applications from the “Geospatial”

if Accessories

menu. l‘ﬂ—m-h—_ W Browser Clients
B, Graphics en 2 B sahana
OSGeo-Live is an OSGeo Foundation project. The OSGeo @ internet + I8 Databases v X Ushahidi
Foundation is a not-for-profit supporting Geospatial ? Other * & Desktop GIS ’
Open Source Software development, promotion and o Bropyameion [ ETIRLC S S "B DSGEOELIWvE:
education. #4 Sound & Video + "It Spatial Tools ' 3

Q System Tools , 72 Web Services )

& Preferences + [6] sample data
@ 05SGeo Software Help

Quick Starts i
&’ Logout b

O B e S

e Cetting started with the OSGeo-Live DVD

https://live.osgeo.org/en/index.html



Today's Toolkit

Monolithic "

Black Box

Open Stand. &
Visualization Specifications
from OGC

Manipulation Analysis

Creation

Data




VWhat is thhe B
economic impact of

GEO SERVICES

Geo services are - Geo services global

revenues are
$150—-H5270

~ Electronic maps billion per
’ = veanr

Satellite receivers
and manufacturing

Video games Geo services Alirline
industry $150—-FH5270 industry
Satellite navigation $2S billion billion $594 billion

_\ﬁ\ Geo services global
added value is around
- $100 billion per

yvear

service s

Save:
1.1

billion
hours

Geo services

e oL A save 3.5 billion litres of
ERERE Y N globally gasoline per year—approximately
O.17T% of thhe total world production of
S trillion lLitres of Liguid oil products

Geo services facilitate comipetition, leading to
savings from reduced prices among infreqgquently Geo services aid faster emergency responsece:
bought goods and services of up to:

for example, in England Geo services miay have
helped to save at least 152 lives per year

Geo services can improve
agricultural irrigation, helping
to achieve global cost savings
Per year of:

Students educated using
Geo services can expect

higher average wages five
vears after graduation than
those who weren't

Source: Oxera [(2013), "What is the economic impact of Geo?’, January.

http://www.oxera.com/News---Events/News/January-2013/0Oxera-quantifies-the-benefits-of-Geo-services-to-g.aspx



http://www.oxera.com/News---Events/News/January-2013/Oxera-quantifies-the-benefits-of-Geo-services-to-g.aspx
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Sustainable Development Goals

GOODHEALTH QUALITY GENDER
AND WELL BEING EDUGATION EQUALITY

GLEAN WATER DECENT WORK AND INDUSTRY, INKOVATION 1 REDUCED
AND SANITATION ECONOMIG GROWTH AND INFRASTRUCTURE INEQUALITIES
1 RESPONSIBLE 1 GLINATE 1 LIFE 1 LIFE 15 PEACE, JUSTICE 1 PARTNERSHIPS
CONSUMPTION ACTION BELOW WATER ON LAND AND STRONG FOR THE GOALS
AND PRODUCTION INSTITUTIONS

CO (@ L
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0GLOBAL URBAN PROBLEMS: access
to water, sanitation, traffic congestions,

economic sustainability, citizens’ health,
impact on environment ... Kibera , Kenya

http://www.flickr.com/photos/8485582@N07/7365580810

A

OMapping is a critical component to help
understand and develop solutions for
urban growth problems

OProprietary software tools are very
expensive (hence unavailable) for
economically poor countries and
communities worldwide

Dharavi, Mumbai
http://www.flickr.com/photos/56685562@N00/2340042701
GIS tools play a key role in helping find solutions to global societal
challenges
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Open source software.

Open data.

Open standards.

Open access to research publications.

Open education resources

Geo4All is fundamentally it is based on Open
Principles
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Cabinet Office

Constitutional
Reform

National Security

Government
Efficiency

Cookies | Contact us | Press Office | Subscribe | News | Resource library

Government:
How it works

Transparency Big Society

Related links

Government bodies must comply with Open i

Standards Principles

1 November 2012

From today all government bodies must comply with Open
Standards Principles, an agreed set of standards to make our
IT more open, cheaper and better connected, Minister for
Cabinet Office, Francis Maude said today.

The Open Standards Principles have been developed following
the public consultation ‘Open Standards: Open Opportunities —
flexibility and efficiency in Government IT which took place from
February to June this year. The principles will help Government
to deliver more innovative IT services and further drive savings
and encourage more competition for government contracts.

Francis Maude speech at an
event for IT professionals

Related News and Media

Liam Maxwell engaged by
Efficiency and Reform Group

ICT Strategy Strategic
Implementation Plan to deliver
savings of over a billion pounds

New government Chief
Information Officer announced

CloudStore opens for business

Cabinet Office and Oracle sign
deal to save £75 million for

There has been overwhelming support from the public and the IT community for setting an open standards policy for taxpayers
software interoperability, data and document formats:
0 s " : ’ = o i View all news
« nearly 70 per cent of respondents believe the principles would improve innovation, competition and choice in the
provision of government services; and
« over 70 per cent agree that they would help improve value for money.
3 y Most recent resources
Francis Maudesad:
1. Taking account of bidders’ past
performance
“We know that there are more real savings to be made in Government IT contracts — in the first half of this year, we 2. List of strategic suppliers
have already saved £409 million on ICT services.” 3. Open Standards Consultation
“Government must be better connected to the people it serves and partners who can work with it - especially small jesponsas ;
businesses, voluntary and community organisations. Having open information and software that can be used 4. g)pen Sta?dards Consultation
ocuments

across government departments will result in lower licensing costs in government IT, and reduce the cost of lock-in

to suppliers and products.

‘Itis only right that we are encouraging competition and creating a level playing field for all companies to ensure we

5. Charitable Incorporated
Organisation (CIO) — Secondary
Legislation before Parliament

The University of

Nottingham

NITED KINGDOM - CHINA - MALAYSIA

Open agenda is
now implemented
by the UK
Government and
delivering huge
cost savings for
government

£409 million in
the first half of
this year

http://www.cabinetoffice.gov.uk/news/government-bodies-must-comply-open-

standards-principles
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et 5 ot s U Internet backbone is powered by

Study on the: O S S

Economic impact of open source software
on mnovation and the competitiveness of the

faformation and Communication Technologies Since April 1996 Apache has been
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NATIONAL AERONAUTICS
AND SPACE ADMINISTRATION

+ABOUT NASA +LATEST NEWS +MULTIMEDIA

+MISSIONS +MY NASA +WORK FOR NASA

+ NASA Home NASA Open Source Software

+ Ames Home NASA conducts research and development in software and software technology as an essential
+ Intelligent Systems response to the needs of NASA missions. Under the NASA Software Release policy. NASA has
Division several options for the release of NASA developed software technologies. These options now
include Open Source software release. This option is under the NASA Open Source Agreement

"NOSA™.

Opensource

The motivations for NASA to distribute software codes Open Source are:

+ - - : . =
= To increase NASA software quality via community peer review

+ Ballast

+ Other NASA Software
+ Projects

+ Software Agreement k

Search
Iintelligent Systems Division
r = 2 ;

- GO
/F)I'RSTGO + Freedom of Information Act NASA Official: Dave Korsmeyer
Your First Coch to the U.5. Covernment + The President’'s Management Agenda Curator: ASANI Selutions

+ NASA Privacy Statement, Disclaimer, and Accessibility
Certification
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Science 1s NOT a Black Box
Today's Toolkit

Open Stand. &
Visualization Specifications
from OGC

Monolithic :

B I aC k B OX > ‘Manipulation Analysis
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%2) GRASP - Mozilla Firefox
File Edit View History Bookmarks Tools Help

@ - c N «”  http:/fgrasp.nottingham.ac.ukf
2] Most Visited L;] Getting Started o Latest Headlines
Bl (27 edit - 55 Post ta Blog

«+ GRASP

The University of

GRASP y
,!'t Nottingham

Geospatial Resource for Agricultural Species Pests

HOME DATABASE DOCS TEAM

ABOUT

Climate
change
scenarios

Fully build on
Open Source

More screenshots

it ]
\\/ Traithypothesis
construction
I Product knowledge I Agro-ecclogical
matching

I Market knowledge I
new trait variaticn

for breeding for

Indlgcnou!larmcr | G R AS P 1 Food Security

knowledge

GRASP Overview {(CPIB, 201 1).
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Summary
Advantages for open source, open standards, open data geospatial
research and teaching

Key advantages

*High quality and impact for research

*Scalable

*Interoperability

*Low costs
e e -Benefits wider community
Represents the *Equips students with key knowledge
individual content needed for employability.

creator on the World
Wide Webh
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FOSS4G GEOACADEMY CURRICULUM

Thiry-five (35) FOS54G University-level lectures and labs are maintained and made available for download from the Spatial {Query} Lab on behalf of the GeoAcademy. The
lectures focus on a vendor-agnostic set of theories and principles. The labs focus on the use of QGIS, GRASS, and Inkscape.

These lectures and labs are freely available for you to use and are released under the Creative Commons Attribution 3.0 Unported license. The lectures and labs are
aligned to the Geospatial Technology Competency Model and all labs focus on the use of Free and Open Source GIS Software (FOSS4G).

The components of the lectures and labs are listed on this page to make it easy to download and use. All of the labs are also available on GitHub.
Note: The lectures are currently only viewable on line as HTML. Downloadable source files are coming soon.

GST 101 - Introduction to Geospatial Technology (QGIS) - Updated to QGIS 2.8 - Now with lectures!

GST 102 - Spatial Analysis (QGIS) - Updated to QGIS 2.8 - Now with lectures!

GST 103 - Data Acquisition and Management (QGIS) - Updated to QGIS 2.8 - Now with lectures!

GST 104 - Cartographic Design (QGIS and Inkscape) - Updated to QGIS 2.8 and Inkscape 0.91 - Now with lectures!

GST 105 - Introduction to Remote Sensing (QGIS and GRASS) - Updated to QGIS 2.8 and GRASS 6.4.3

ATTRIBUTION FOR DEVELOPMENT

The development of the original documents was funded by the Department of Labor (DOL) Trade Adjustment Assistance Community College and Career Training
(TAACCCT) Grant No. TC-22525-11-60-A-48; The National Information Security, Geospatial Technologies Consortium (NISGTC) is an entity of Collin College of Texas,
Bellevue College of Washington, Bunker Hill Community College of Massachusetts, Del Mar College of Texas, Moraine Valley Community College of Illinois, Rio Salado
College of Arizona, and Salt Lake Community College of Utah. This work is licensed under the Creative Commons Attribution 3.0 Unported License. To view a copy of this

http://spatialquerylab.com/foss4g-academy-curriculum/



