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PREFACE

The project "Programme for the Development of Technological Networks
and Application of Remote Sensing Data in West Africa" -with acronym
TELECAN and code MAC/3/C181- was approved under the Second Call
for Transnational Cooperation Programme Madeira-Azores-Canaries
(MAC) 2007/2013, within Axis 3 - Cooperation with Third Countries and the
Wider Neighborhood Joint. It has been promoted by the University of Las
Palmas of Gran Canaria (ULPGC) and the Society of Economic Promotion
of Gran Canaria (SPEGC), and 85% of its budget is co-financed by the
European Regional Development Fund.

TELECAN is a three-year project led by the University of Las Palmas of
Gran Canaria which aims at developing remote sensing products and
services in strategic sectors in the region of the Canary Islands and West
Africa through collaborative work between academic institutions in the
Canary Islands, Morocco, Mauritania, Senegal and Cape Verde.

This Tutorial for Education and Training is one of the strategic lines of
action that the project TELECAN wants to make available to all
organizations, businesses or home users interested in remote sensing in
order to encourage its use to improve the quality and competitiveness of
products generated and to promote consolidation or creation of
technology-based companies.
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This Remote Sensing Tutorial has a technical and business orientation,
with the overall objective of stimulating the use of remote sensing and
creation of products and value added services. In addition, it aims at
improving the training and skills of the project partners and Canary
business & research in remote sensing. Further specific objectives are:

= Provide knowledge of space remote sensing, physical fundamentals,
sensors and existing missions and land, atmospheric and marine
products that could be obtained.

= Acquire knowledge on the techniques of digital image processing
remote sensing aimed at improving and extracting relevant
information for each application.

= Know the various data sources available for imaging.
= Know and properly handle the major existing software tools.

= Acquire the skills and abilities to generate remote sensing products
and services and to extract as much information as possible from
Earth observation satellite images.
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Our needs may be grouped up focusing on training needs and breaking
down the fundamental objective of this tutorial:

v' Encourage the use of remote sensing.

v Facilitate the exchange of resources and knowledge of the subject.
v' Meeting the training needs of users (continuos education).

v' Extend the use to new users (companies and corporations).

v’ Establish common learning objectives.

Finally, note that the TELECAN TUTORIAL presented below contains the
efforts and contributions of the universities of the Canary Islands, Morocco,
Mauritania, Senegal and Cape Verde Islands achieved in different project
meetings that have been held in Gran Canaria (2010), in Senegal (2011)
and in Agadir (2012), as well as those of public institutions and companies
related to the remote sensing of the Canary Islands.
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STRUCTURE

This document entitted "REMOTE SENSING TUTORIAL TELECAN"
prepared jointly by the chief scientists of the Telecan project (Francisco
Eugenio / Javier Marcello, ULPGC and Ferran Marqués, UPC) by
agreement of the Telecan Committee, is divided into two parts: Formation
(theoretical) and Training (practical fundamentals).

FORMATION:

1. - Fundamentals of Remote Sensing

2. - Sensors and Remote Sensing Space Missions

3. - Remote Sensing Applications

4. - Radiometric, Atmospheric and Geometric Modeling

5. - Remote Sensing Images Processing

TRAINING:
1. - Collection and Analysis of Remote Sensing Images
2.-Tools Image Processing Software

3. - Modeling and Remote Sensing Image Processing
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1. Remote Sensing Fundamentals




Introduction

Remote sensing is a scientific discipline that integrates a broad set of knowledge and
technologies used for observation, analysis and interpretation of terrestrial and
atmospheric phenomena. Its main information sources are the measures and the
images obtained with the help of aerial and space platforms.

As the name suggests, remote sensing implies a distance information acquisition
without direct contact with the object being studied. As you are reading this text, you are
performing yourself an act of remote perception: the light coming out a source is the
physical entity, in this case it is the screen of your PC. This light travels through a
certain distance until it is captured by a sensor, which are your eyes that send this light
to a processor, your brain.

Information acquisition at distance implies the existence of a flow of information
between the object being observed and the sensor. The bearer of this information is the
electromagnetic radiation that may be emitted by the object or come from another body
and could have been reflected by it. All bodies -planets, living beings, inanimate objects-
emit electromagnetic radiation and the amount and type of radiation emitted depends
largely on their temperature.

The current remote sensing systems, unlike the very first ones, have experienced a
qguick advance, especially in the last decade, with a technology essential in monitoring
multiple processes that affect the Earth's surface and its surrounding atmosphere, large
impact, especially, for our planet, such as climate change, deforestation, desertification,
etc.

Thus, there are operational satellite systems that sample virtually every region of the
electromagnetic spectrum, with spatial resolutions from 0.5 to 5,000 m. The great
interest of the scientific community in spatio-temporal studies of global change,
environmental monitoring and human impacts on it necessarily involves the use of
remote sensing data.
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Remote sensing systems, particularly those located on satellites, provide a repetitive
and synoptic vision of Earth which is of great interest in monitoring and analysing the
effects of human activities on our planet such as the evaluation and monitoring of the
environment -urban growth, hazardous waste-, detection and monitoring of global
changes -atmospheric ozone depletion, deforestation, global warming-, exploration,
both non-renewable resources -minerals, oil, natural gas- and renewable natural
resources -oceans, forests, land-, meteorology -weather forecasting, atmospheric
dynamic processes-, mapping -topography, land use, civil engineering, etc.

The objectives of this chapter are:

= Study of basic principles, advantages, limitations and elements of a spatial
remote sensing system.

= Know the evolution of the Earth's space observation.

= Know and understand the remote sensing physical principles.

= Discriminate the spectral information from the different land cover.

= Study the orbits of the satellites and the physical laws that govern them.

= Observe and identify satellites visible from Earth.

CONTENTS
Remote Sensing Fundamentals

1.1. BAsic CONCEPTS: DEFINITION AND OBJECTIVES.

1.2. HISTORICAL EVOLUTION.

1.3. PHyYSICAL PRINCIPLES OF REMOTE SENSING: GROUND COVERS
SPECTRAL RESPONSE.

1.4. REMOTE SENSING AGENCIES AND PUBLIC ORGANIZATIONS.
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1.1. BASICS: DEFINITION AND OBJECTIVES

In a globalized world citizens are informed daily on the presence
and effects of natural phenomena such as earthquakes, tsunamis,
volcanic eruptions, forest fires, floods, etc.

In addition, humans have always had a special interest in
contemplating nature and observe features of the territory.

N

Remote sensing is an essential tool to provide Earth
observation satellite images, suitable for multiple
desired applications.
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"REMOTE SENSING is an aerospace technology that
uses electromagnetic energy to capture data from

the Earth's surface and its surrounding atmosphere
by remote sensing systems"

"ISPRS: measurement or acquisition of information from
certain properties of an object or phenomenon, by a
recording system that is not in physical contact
with the object or phenomenon under study"

PASSIVE REMOTE SENSING ACTIVE REMOTE SENSING
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O REMOTE SENSING MAIN OBJECTIVE:

"Considerably improve our knowledge of our
environment, facilitating the interpretation of the
multiple processes affecting the planet”
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O REMOTE SENSING: GENERAL SCHEME OPERATION

. - Energy Source.
. - Land cover.

. - Atmosphere.

. - Reception System.

Final Users

— Images Processing.
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4. - Sensor system.
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- Interpreter and / or user.
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O REMOTE SENSING: SPATIAL INFORMATION TOOL

Advantage

» Global coverage and regular large areas of the Earth.

> Observation multiscale.
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Limitations

» Models are NOT obtained with high accuracy in comparison with in-situ
observations or aerial photography.

Q REMOTE SENSING: COMPLEMENTARY TECHNOLOGIES

> In-situ observations

» Aerial photography

Daedalus 1268 (INTA)
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1.2. HISTORICAL EVOLUTION

O RELEVANT EVENTS

= The invention of photography made remote sensing possible.

= Remote sensing started in 1860 with a photograph of the Earth's surface,
taken from a balloon by Tournachin.

= First Earth observation satellite in 1960 (TIROS-I).

= There are currently multiple public and private agencies and Research and

Education Centers actively working in the field of remote sensing.

l 1859 G.F. Tournachon l 1960 TIROS-I

1900 2000

'\1 909 W. Wright
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“The Earth is the cradle of
humanity, but mankind will not
continue forever in the cradle”

Konstantin Tsiolkovski, 1903
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1.3. FUNDAMENTALS OF PHYSICS: GROUND COVERS

SPECTRAL RESPONSE

O ELECTROMAGNETIC SPECTRUM: SOURCES AND USES OF THE
FREQUENCY BANDS
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O SPECTRAL REGIONS USED FOR REMOTE EARTH OBSERVATION

» Visible spectrum (0.4-0.7 um): It is the frequency range of the human eye.
Maximum solar radiation. Subdivided into three bands: R, G, B.

»= Near-infrared (0.7-1.1 um): Also called photographic reflected IR. It is the solar
energy reflected by any body. Its behavior is similar to the visible spectrum.

= Middle infrared (1.1-8 um): Solar radiation and emission mixing. The atmosphere
is significantly affected. It is exploited to measure concentrations of water vapor,
ozone, aerosols, etc.

» Thermal infrared (8-14 pum): Radiation emitted by the bodies themselves. Tp can
be determined by a body (thermal IR). Images may be available at any time of
the day.

= Microwave (Imm-1m): There is a growing interest of Remote Sensing in this
band. Atmospheric disturbances are minor and it is transparent to clouds. Active
sensors are typically used.

. Surface
Wavelenght | Radiation
s range source RiSpey o
interest
Visible (V) 0.4-0.7 pm Solar reflectance
Near InfraRed
(NIR) 0.7—-1.1pm Solar reflectance
ShortWave
InfraRed (SWIR) 1.1-3um Solar reflectance
MidWave InfraRed 3_5um Solar, Reflectance,
(MWIR) —OH Thermal temperature
ThermalinfraRed 8—-14 um Thermal temperature
(TIR)
Passive:
. thermal Temperature (P)
Microwave, radar Tmm- 1m Active: Roughness (A)
artificial
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0 SPECTRAL REGIONS USED FOR REMOTE OBSERVATION OF EARTH:

ATMOSPHERIC TRANSMISSIVITY
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O EMISSION RATES USED BY REMOTE SENSING

1. Radiation reflected on Earth's surface emitted by the Sun. It depends on the
characteristics of the surface or object (i.e., human vision and the environment).

2. Any body whose temperature is above absolute zero (0 K: -273 ° C) emits energy
in the form of radiation (i.e., a camp fire emission).
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O ELECTROMAGNETIC RADIATION LAWS

= Planck's Law
Provides the spectral radiance of a black body as a function of temperature.
Any object with T> OK radiates energy.

TT = Energy T (Radiation T in 4 1)

_ Cl 1
*‘U»‘.,T - A° &/ g

= Wien's Displacement Law
For a given temperature, there is a A for which the electromagnetic energy is the peak.

_ 2898(pmK)
L’l'l'l("IX T(K)

We can select the appropriate band for the detection of a phenomenon, if we know its
temperature range.

16400 .
Sun (T = 6000K) ——
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= Stefan-Boltzmann Law

Provides the total energy emitted by a black body throughout the spectrum.
M=o T

= Direct relationship between temperature and the amount of electromagnetic
energy emitted.

= The hotter is the object, the more energy is generated.
= Small variations in temperature — Large variations in the energy emitted (T%).

= Real bodies are not black bodies.

Emissivity
j\/f’ =6, A/IBB

eal

108

- visinle o 000K
4
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104

10%
102

Spectral Radiant Emittance

101

o1 o 05 1 Z & 10 20 &0 100
Wiavelength micrometers
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= Spectral Reflectivity

A real body has an emissivity and reflectivity that vary with wavelength > SPECTRAL

SIGNATURE
e Soil
80 - — ::'l:;y“g siniiin Reflectividad Nieve Suelo Vegetacién  Agua
—— Vegetation in stress B G R IRC IRM
Snow

reflectividad

%% 05 06 07 08 09
um

= Interactions of the Atmosphere
= The atmosphere is a mixture of gases at different layers.

= The first 80 kilometers contains more than 99% of the total mass of the Earth's

atmosphere.
100 | | | | |
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= When EM radiation travels through the atmosphere, it is absorbed or scattered
by particles in the atmosphere.

» The atmosphere also emits>Thermal IR.
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1.4. REMOTE SENSING AGENCIES AND PUBLIC

ORGANIZATIONS

O MAIN AGENCIES AND ORGANIZATIONS

At regional (PET), national (PNOT-PNT), European (ESA) and global (NASA) level, the
different space agencies continue to rely on remote sensing with new missions, allowing
its application in many strategic sectors.

INTERNATIONAL K @Sd @

NATIONAL

PROYECTO ESTRUCTURANTE

CANARY ISLANDS PET
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INTERNATIONAL

1. ESA: European Space Agency

adm aeolus’
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Missions for Earth Observation controlled by ESA

Desde 1990 2000 2008 2011

2025

17| 1 1

Earthnet. Acceso europeo a misiones que no son de la ESA:
Landsat, SeaWifs, NOAA, JERS, MODIS, ALOS, Proba, Bird, Scisat...

Usuarios europeos

METEOSAT Segunda Generacion
M-1,2,3.4,5,6,7 MSGA1, -2, -3

METOP-1, -2, -3

- CFy0Sat 2 (Polar Ice Monitaring)

(Gravity and Qcean
- GOCE Circulation Explarer)

Meteo

En cooperacion
Con EUMETSAT

Ciencia

Para entender mejorel
sistema Tierra

Earth iy SMOS (S0l moisture)
Xplorers —- ADM/Aeolus (Atmaospheric Dynamics)
— EarthCARE (Clouds, Aerosol & Radiation)
p- SWARM  (Magnetic)
ENVISAT
Servicios de
- SeNtiNel 1 (SARIMaging) aplicacion
—- Sentinel 2 (Multispectral)
A Sistemas y servicios
—- Sentinel 3 (Ccean global) B oo acion a

- SeNtiNel 4 (Atmospheric) largo plazo
- S€NtINEI 5

Scientific missions: "Earth Explorer"

GOCE - Misién gravitatoria
el gradiometro mas sensible, orbita extremadamente baja
Primer geoide completo publicado en Junio 2010

17 Marzo 2009

SMOS - Humedad del suelo y salinidad oceanica
! ciclo del agua dulce, previsiones del tiempo,
clima y eventos extremos

2 Noviembre 2009

D .

§‘=

SMOos

M?

Cryosat-2 - Mision sobre el hielo N
Espesor y fluctuaciones de las masas polares y del hielo marino y ?—EE-‘-
relacién con las variaciones en el clima
y 8 Abril 2010 { CRYOSAT
ADM/AEOLUS - Mision sobre el viento wia
perfiles de viento globales, predicciones del tiempo. |.f|
eriile: x e [ tuy

dinamica atmosférica y los procesos climaticos. w

202 AEOLUS
SWARM - Mision magnética b=
campo geomagnético de la Tierra y sus variaciones temporales, el !‘&
interior de la Tierra y su clima Lﬁ,

2012 SWARM

EarthCARE - Nubes y aerosoles (Europea - Japonesa)
interacciones nubes-aerosoles-radiacion, prediccion del clima vy el
tiempo

EARTHCARE
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= GMES: The European Earth monitoring

» GMES, Global Monitoring for Environment and Security, is a joint initiative of the
European Commission and the European Space Agency.

» GMES is a network for the collection and dissemination of data on the environment and
security from space and in situ observations of the Earth.

» This system will support decision-making by public and private authorities in Europe
and back up research.

» Following the example of meteorology, GMES develops operational services, but in
other areas such as:

Emergency management.
Monitoring air quality.
Monitoring soil.
Monitoring the ocean, etc.

bR

General Scheme

Responsables & Instituciones & Privados, ‘

Politicos Pablicas Empresas ——— Beneéficiary

| Pq g “Ié,' " Application
! | ) - 1
Agricultura ‘(’Za:id_ad De:astrels examples
etrolifera el aire ambientale
SRR fromie, . Services
¢ ___(EC)

Infrastuctura Inf@stucture
Espacial (ESA) In Situ (EEA)
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Missions contributing to
GMES (ESA, EUMETSAT,
NOAA, European Members'

National missions, etc.)

Information products
forthe final user

‘(‘_ ‘
WS
=

Coordination and
accessto data

Pedido 'I‘ * Datos

m

Missions that may contribute to GMES

European Members’
National Missions,
Eumetsat and non

European missions (the
listin not complete)

Radarsat PAZ

A4

L

Deimos-1 METOP MSG

+ Ingenio, TerraSAR-X/Tandem-X, Enmap, Venus, Altika, etc.
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Missions dedicated to GMES

Sentinel 1 - Imagenes SAR
Meteo-indipendente, observaciones diurnas y nocturnas,
interferometria 2012 (A), >2014 (B)

Sentinel 2 - Imagenes super-espectrales
Aplic.acipnes terrestres = urbanizaciéon, bosques, agricultura,.!
Continuidad de Landsat, SPOT 2013 (A), >2014 (B) v

Sentinel 3 - Monitorizacion global del suelo y océanos
Color del océano, vegetacion, temperatura de la superficie, !

" altimetria 2013 (A), 2014 (B)

Sentinel 4 - Atmosfera desde orbita geoestacionaria
Medida de la composicién atmosférica, contaminacion

2018

Sentinel 5 y Precursor - Atmosfera desde orbita baja
Medida de la composicién atmosférica, contaminacion

2014 (5P), 2019

Sentinel-1: Mission SAR band C

> Appllcatlons
= Monitoring of sea ice and the Arctic environment.
= Marine Surveillance.
= Monitoring risks due to ground displacement.
= Maps to organize humanitarian aid in crisis
situations..

» Four nominal operating modes:
= strip map (80 km swath, 5x5 m res.).
» interferometric wide swath (250 km swath,
5x20mm.
= extra wide swath (400 km swath, 20x40 m res).
» wave (5X5 m res, images of 20x20 km).

» Helio-synchronous orbit at 693 km altitude
» Nominal 12-day revisit period

» Expected to last 7 years, having fuel for 12 years

Tutorial TELECAN
Fundamentals of Remote Sensing
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Sentinel-2: Mission super-spectral

» Applications:
= Land cover maps.
= Risk and fast hedge maps in case of emergencies.
= Vegetation and chlorophyll maps.
» Super-spectrometer with 13 bands (VNIR & SWIR)
» Spatial resolution: 10, 20 and 60 m

> Swath: 290 km

» Satellite mass: 1200 kg
» Reuvisit period: 5 days (without clouds) with 2 satellites

» helio-synchronous orbit at 786 km altitude

» Expected to last 7 years, having fuel for 12 years

Tutorial TELECAN
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Sentinel-3 Mission: Global oceanic and terrestrial soil

vV V V¥V V¥V

Applications:
= Color and temperature of the sea surface and ground.
= Topography of the sea surface and glaciers.
= Topography of coastal areas, lakes and sea ice.
= Vegetation maps.
Satellite mass: 1250 kg
Helio-synchronous orbit at 814.5 km altitude
Revisit period: 27 days
Expected to last 7 years, having fuel for 12 years
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GMES
Space Component-Data Access
Eur Spa &
ESA Observing th ‘ GMES GMES Space Component Data
.

About GSC Data Access »  ; Browse GMES Contributing Missions >
Browse Data »

GSCDA Terms and -

Conditions

Terms and Conditions »

FAQ »

GMES Core Services

»
GSC Mission Groups »

« ASI
Terms of Use > + CSA
Contact Us + Deimos Imaging
ki & \ ENVISAT  »»» . DR
Semantic Search + DMCi
Go vyBrowse GMES Space Component Data + e-GEOS
+ EUMETSAT

Fast Domain Navigator

»
Browse all Datasets + Eurimage

+ Euromap/GAF

+ European Space Imaging

-
-

ImageSat Intemational
+ InfoTerra GmbH

+» MDA

+ RapiEye

+ Spot Image

« VITO

Related Links

- @mes

-

-

-- Dataset ID
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Earth Science Mission Profile 2005 - 2015 -~ _,

Click the mission name below for a detailed description.

* L-band radiometer
* L-band scatterometer

NPOESS 1330 LT orbit transferred to Joint
Polar Satellite System (JPSS).

Spacecraft not provided by NASA B No NASA contribution (A-Train constellation member)

\NASA Earth Observatorles SRV

. ;.-. Jason- ‘I
m p Landsat 7

{Q

QuikSCAT
ERBS

ACRIMSAT

-2

TOPEX/Poseidon
N

e

SAGE - METEOR-SM

i "EP-TOMS

TRMM

£
-
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NATIONAL

= PNOT: National Earth Observation Satellite

( PNOT

Programa Nacional de Observacion < SpaniSh Government
de la Tierra por satélite

¥

# Two satellites: INGENIO (radar) and PAZ (SAR)

»# First Institutional OT Programme in Europe with both tecnologies: optique and radar
* Participation of Spain in international programmes (GMES,MUSIS)

# Double use (civil and militar)

» Autonomy and independence of Spain to obtain satellite data.

# Spanish government operator. INTA/HISDESAT
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INGENIO Satellite Services

» Optical high resolution multispectral images.
» 1 panchromatic channel and 4 multispectral channels (R, G, B, NIR).
=  Sweeping width: 60 Km
= PAN resolution: 2.5 m
= MX resolution: 10m
> 600 images / day (2.5 million km?/dia).
Minimum 6 full annual coverage of the Spanish territory (max. 5°).
Side entry: + 40°.
Min revisit time: 3 days (40° angle).
Life cycle: 7 years.

Mass: + 750 Kg.

Synchronous Helium Orbit. Height: ~ 670 km.

v Vv VY Vv V¥V V V V

LTDN + 10:30 AM.
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PROYECTO ESTRUCTURANTE Gobierno de Canarias
DE Agencia Canaria

e Investigacién, Innovacién

y Sociedad de la Informacién

PET’s main objective in the Canary Islands is to stimulate
development of services based on the use of remote sensing data and
to promote operational applications and services integrating all
existing capabilities.

» Integrate all Canary research groups, agencies and companies related to remote
sensing.

» Encouraging the sharing and optimization of remote sensing resources available
in the Canary Islands.

» Increase competitiveness and excellence of R & D related to remote sensing.
» Serve as a driving force for the development of new operational applications and
services based on the use of remote sensing images.

» Promote the development and creation of technology-based companies.

All these objectives aim at consolidating scientific, technological and
industrial capacity in the field of Remote Sensing in the Canary Islands

Tutorial TELECAN

- 50
- Fundamentals of Remote Sensing
% TELECAN
. *

........ Unién Europea a— UNIVERSIDAD DE LAS PALMAS
313 Fondo Eurupeo
MAGZ0L201 GeDesamato Regiona : : DE GRAN CANARIA




+ Oceanography and Fisheries in the Canary Islands using data from
remote sensing

+ Sea Shore Management and Water Quality in the Canary Islands
using data from remote sensing

*  Physicoceanography: currents, structures, temperature, salinity
» Biologicaloceanography: chlorophyll, productivity, upwellings

» Fisheriesand aquaculture

*+  Meteorological effects involved: dust, winds

»  \Weather change, water quality, spilts

TERRESTRIAL

+ Environment Protection in the Canary islands using remote sensing
+ Prevention and Risk Management in the Canary Islands using
remote sensing

+  Environment: biosphere reserve, protected areas, dunes, etc.
» Inventory and vegetation and forest control

» \Weather change: desertification, deforestation, erosion, etc.

»  Vegetation and forest inventory

»  Cartography of fuels

+  Fires supetrvision

*  Flooding, volcanic activity, etc.

+  Maps of risk
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Meteorology and Air Quality using using data from remote sensing
Weather change in the Canary Islands using data from remote
sensing

Study of atmospheric gas.

Weather forecast

Prevention of catastrophes (storms, winds, etc)
Renewable energies (wind, solar)

Air quality: pollution, aerosols, dust, etc

Weather change: global heating, rains, wind, aerosols, etc
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Fundamentals of Remote Sensing

UNIVERSIDAD DE LAS PALMAS
DE GRAN CANARIA




YL .
-
% B vciecan
ve'oonana UniénEuropea '

. Fondo Eurapen
Mfﬁ.ﬂi%. ni':.':ni de Desarrollo Regional

Difusion Activities

El Hierro underwater volcano

EL HIERRO

. )
La Restinga

Location of
Volcano
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NASA MODIS RGB images multitemporal monitoring El Hierro submarine volcano
(October, 2011)

1230 UTC 12/10/2011

1420 UTC 2/11/2011%

1140 UTC 5/11/2011

" .
- 9o
%
“»_.:;
; \ WORLDVIEW.2: October, 25
s RAPIDEYE® October, 26 __EARTH OBSERVING-1°: February, 11

" o DEIMOS-1°: October, 23

5T S gries

Monitoring and diffusion of information via web submarine volcano:
http://www .teledeteccioncanarias.es

P
14:40 UTC 7/11/20114

Tutorial TELECAN

23 meso
= ‘ Fundamentals of Remote Sensing
% TELECAN
s

sioonays UniénEuropea i UNIVERSIDAD DE LAS PALMAS
: DE GRAN CANARIA

. Fondo Eurapen
!AGAC ZDD:':...‘ERJ& de Desarrollo Regional




» Institutions:
= American Society of Photogrammetry and Remote Sensing.
= NASA Centers: Gooddard Space Flight Center, Ames Research Center,
Jet Propulsion Laboratory (JPL).
= NOAA-National Oceanographic Administration Agency.
= Canadian Center for Remote Sensing.
= Remote Sensing Society: NRSC, UK.
= Centre National d'Estudes Spatiales CNES, France.
» [Institute for Aerospace Survey and Earth Sciencies: ITC, Netherlands.
» |nstitute for Remote Sensing Applications, Ispra, EU.
= Spanish Association of Remote Sensing, ...

» University Departments:
= Environmental Research Institute of Michigan.
= Laboratory for applicatios of Remote Sensing, Purdue University, Indiana.
= Remote Sensing Unit, University of California, ...

» Specialized Magazines:
» |EEE Transactions on Geoscience and Remote Sensing.
= International Journal of Remote Sensing.
= Photogrammetric Engineering and Remote Sensing.
= Remote Sensing of Environment.
» Remote Sensing Reviews, ...

» International Conferences:
* |GARSS.
= American Society of Photogrammetry and Remote Sensing.
= Remote Sensing Society.
= European Signal Processing.
= |ASTED, ...

> Websites:
= http://www.itn.nl/ ~ bakker / noaa.html (NOAA).
= http://www.gsfc.nasa.gov/SEAWIFS.html (NASA-SEAWIFS).
» http://www.sat.dundee.ac.nk/ (Est. of Dundee, Scotland).
» http://www.eumetsat.de/eu/ (EUMETSAT).
= http:// www.eurimage.it/ (Eurimage), ...

& Generes Tutorial TELECAN

= ' Fundamentals of Remote Sensing
% TELECAN s

5 RiGLa. R a{ish Unién Europea = UNIVERSIDAD DE LAS PALMAS

o Fondo Eurapeo
Mfﬁ.ﬁ??.’.'“i'?ﬁ de Desarrolio Regional DE GRAN CANARIA







Introduction

In order to meet the needs of different data users, there are many remote sensing
systems providing a wide range of spatial, spectral and temporal parameters. Some
users may require frequent coverage with relatively low spatial resolutions
(meteorology). Other users may want the highest possible spatial resolution with
coverage repeated only infrequently (mapping), while some other users may need very
high spatial resolution and frequent coverage in addition to a quick access to the
images (military surveillance). Remote sensing data also can be used to initialize and
validate large computational models, such as global climate models (GCMs), in order to
simulate and predict changes in the Earth's environment. In this case, it may not be
necessary to achieve a high spatial resolution due to computational requirements and it
would be essential to accurately and consistently calibrate the sensor in space and
time.

Wide range of spatial, spectral and temporal parameters

The unavoidable and unstoppable technological progress occurred over the last few
years has led to the emergence and continuous improvement of on-board sensors on
space platforms. Their spatial, spectral, radiometric and time resolutions have been
improved resulting in a higher level of detail, accuracy and amount of information that
enables the use of these images in new application areas.

Thus, each day the Earth is observed by a constellation of satellites. They are our eyes
in space. These satellites are built and put into orbit by Space Agencies and
International Organizations and they provide valuable information to help us to achieve
a better understanding of our planet and to study the effects of human action on the
environment. The conditions of life on Earth may be improved with these data.
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This chapter examines the operation of devices that capture remote sensing images
and the platforms that support them. It pays special attention to the different types of
remote sensing satellites. The last part of this chapter is dedicated to review the
characteristics of remote sensing space missions more interesting at this point to the
context of this project TELECAN. Spatial remote sensing missions are designed and put
into orbit so quickly that this TUTORIAL TELECAN must necessarily be updated
regularly, using the information available from different space agencies.

The objectives of this chapter are:

= Distinguish between sensors and space platforms;

= Know the main types of sensors used in remote sensing;

= Discriminate spatial, spectral, radiometric and temporal information from
spatial-temporal characteristics of the sensors and space platforms;

= Understand the operation of satellites;

= Study the orbits of the satellites and the physical laws that govern them,;

= Know the characteristics of the main space missions to observe the Earth.

CONTENTS
Sensors and Space Remote Sensing Missions

2.1. SENSORS AND PLATFORMS

2.2. SENSORS RESOLUTIONS

2.3. REMOTE SENSING SPACE SYSTEMS

2.4. ORBITAL PARAMETERS: TYPES OF ORBITS
2.5. SPACE MISSIONS:

= METEOSAT SECOND GENERATION
= NOAA-METOP

= LANDSAT/SPOT

= GEOEYE

= \WORLDVIEW
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2.1. SENSORS AND PLATEORMS

Q SENSORS

» Systems used for the acquisition of the radiation emitted or
reflected.

» Payload in space-based remote sensing systems.
= Conversion of radiance in digital levels.

= Classification
1. According to the radiation source:

» Passive sensors: No light at the target, limited to receiving the
energy emitted or scattered by the target.
» Active sensors: Provide their own source of electromagnetic

radiation.

1\!‘4"1-"?.-

N

37
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A
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» Remote Sensing forms—> Methods of acquiring information by a
remote sensor:

» Reflection (a).
= Emission (b).
= Emission-reflection (c).

fri]

b

258

2. Depending on the region of the spectrum used:

5 UV, Visible, Near IR | [ 6000° K
_Actlve Sens.o_rs Sencoit emitted
Microwave, Visible
A
scattered \

Thermal IR, Microwave
Sensors

& f reflected

emitted
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» Electro-optical sensors: Visible and IR

line scanner

Scanning Technologies AVHRR

in-track

A cross-track
FOV/ |

= Line scanner
=  Wiskbroom scanner

whiskbroom scanner

MODIS
TM/ETM
+

MSS

= Pushbroom scanner

pushbroom scanner

SPOT
IKONOS
QUICKBIRD

‘Terra and Its Five Climate-Monitoring Sensors

Height: 3.5 meters
ength: 6.8 meters
ht: 5,190 kilograms
530 watts (average)
Instrument Data Rate: 18,545 kilobytes
per second (average)
p Lifetime: 6 years

Design
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> Microwave sensors

= Passive: Microwave Radiometer

= Active:
= SAR
» Radar Altimeter
= Wind scatterometer

AATSR
MIPAS
MERIS SCIAMACHY
MWR
Ka-band
Antenna
GOMOS

DORIS

RA-2 Antenna X-band
Antenna

——
s

ASAR
/' Antenna

SPACECRAFT ALTITUDE
(785 km NOMINAL)

Service Module

[
\
F Solar Array
(not shown)

http://envisat.esa.int/instruments/tour-index
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O PLATFORMS

= Platforms at short distances

» Instrumentation radars: measure the reflectivity of objects and
surfaces.

» Tomographic systems: have biomedical and industrial
applications.

» Platforms at large distances: satellites, planes / helicopters.

= Considerations:
v" Planes achieve a higher spatial resolution.
v Satellites have a higher temporal resolution and coverage.

= Factors for the selection of a platform:
v' The extension of the area to be covered.
v' The speed of development of the phenomena observed.

v" The functional characteristics of the instruments and
Sensors.

v The availability and cost of data.
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= Parallelism

Satellites describing a polar orbit (500-1000 km) or low altitude and
geostationary satellites (36,000 km).

GEOSAR Satellites

Images of different types of remote sensing platforms
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2.2. RESOLUTION SENSORS

O SPATIAL RESOLUTION

» It specifies the size of the pixel of the remote sensing image.

» Lowest distance between objects that can be solved by the
sensor.

e  High spatial resolution: 0.5 -4 m
e  Medium spatial resolution: 4-30 m

e  Low spatial resolution: 30-1000 m
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» Spatial resolution scales: Decreasing in resolution with the height
of the scanning sensor.

Z
L': Raciomerro do superfice <
| 3 e e Lt v
Recognition range Semi-detail range Detail range High detail range
(low resolution) (medium resolution) ~  (highresolution) (very high resolution)
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» Spatial resolution variation with the angle of observation of the
sensor: Effective size of the pixel on the Earth (GIFOV) is bigger at
the extremities of the field of view than in the nadir.

AVHRR
NADIR: 1.1 *1.1 Km.
BORDE (55°): 6.5 * 2.4 Km.

QUICKBIRD
NADIR; 061 m (P), 2.4 m (M)
25° OFF-NADIR: 0.72 m (P), 2.88 m (M)
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0 SPECTRAL RESOLUTION

» Specifies the number of spectral bands in which the sensor can
capture radiation.

™ g AVIRIS

Blue band
(450 - 515 nm)

Green band
(525 -605 nm)

Red band
(640 — 690 nm)

VNIR SWIR TIR

o Atmospheric transmission (%) 8

)

V\‘t | !‘ 3 ‘,V ' 10412 ;\‘ ASTER
) \u/\l & E} v‘! L /\
oy, :

) -

. . - . - s o .1
05 10 20 50 10
Wavelength (um)

- Near-infrared
(750-900 nm)

» The number of bands is not the only important aspect of spectral
resolution: it is also essential the position of the bands in the
electromagnetic spectrum.

= — GOES-8/11 Imager

GOES-12A13 Imager

— o - | GOES Sounder

I — e ————— —— NOAA AVHRR

P ——— —— = e == — erm MODIS

MSE

AlIRS

seeee HES (Option 1)

— | HES (Option 2)

[ e S ! 1 s YIRS (MPOESE)

¢ il METOP (1451)

Wavelength (pm)
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O RADIOMETRIC RESOLUTION

> It is the sensitivity of a detector to variations in the intensity of the
emitted, reflected or scattered electromagnetic energy that is being
detected.

» Different levels of intensity that may be discriminated by the sensor
within a band.

8-bit  12-bit
, : - : 26 4,09
8 bits (256) 4bits (16) 2bits (4 L
1
Reflecton (%) A Pixebvalue B " _m:"‘"
LANDSAT-channels (TM) A LANDSAT-channels (TW) i Whoat Stubblo
EZI E EE E Meassured signaturo —Grass
for: o
50 4 sol 256 < : 06 N\
vogotation ' /
404 20 sol 05
- 150 4 °‘
03
204 100
02
104 50 4 TS
0 < 0 waler N 0 s
04 06 08 10 12 04 06 08 10 12 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
Wavelongth () Wavelongth (1) Wavelength (nm)
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O TEMPORAL RESOLUTION

» It specifies satellite revisit frequency to a specific location (It depends
on the latitude and the width of the swath).

» Time is important when:

v' Persistent clouds offer limited direct view of the surface of the
Earth.

v Short-term phenomena (floods, oil spills, ...).

v Rapidly changing phenomena (atmospheric).

e High temporal resolution: <1 day - 3 days
e Medium temporal resolution: 4 - 16 days

e Low temporal resolution:> 16 days

IKONOS - Average Revisit Time for Point Targets

O
£
§

~

|| Wide Swath

[ Aatse

| MERIS

Average Revisit (days)
N oL a0 oo

o

0 10 20 30 40 50 60 70 80 80
Target Latitude (deg)
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Relationship between all types of resolutions: Commitment

esoluckin remporal
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2.3. REMOTE SENSING SPACE SYSTEMS

Remote Sensing Space System Elements

Segment
spatial &
Satelite A
TC Uplink/ M
KX TM Downlink PIL T™ Downdink
Target Area
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O SPACE SEGMENT

» Satellite: System placed in orbit for providing a particular application.

. Space Platform:

Attitude control.

- Propulsion.

- Electric Power.

- TT & C (Tracking, Telemetry & Command).
- Thermal Control.

- Mechanical.

Remote Sensing Satellite Subsystems

bus structures

star trackers
thermal blanket

m>

transmitter/
receiver

reaction wheels

1/0 processor

high gain omni antennas
antennas  image sensor digital camera
flight computer

@ Command & Data (O Pointing Control @ Communications
. Power Supply . Mission Payload 9 Thermal Control
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Different Space Platform Subsystems

ATTITUDE CONTROL PROPULSION TT&C
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» Payload: Equipment designed to meet the specific application.

AATSR
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O GROUND SEGMENT

> Architectures

» Flight Operation Segment — Satellite

- TT & C earth stations.
- Control Centers.

» Payload Data Segment — Data

- Reception Stations.
- Processing and Archive Centers.

- Topic Centres.
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Block diagram of Earth station and TTC

ESTACION TERRENA
SEGUIMIENTO
ESTAC|ON PROGRAMADO
TERRENA
BANDA "
BASE TRANSMISION
CEBERO N SISTEMA DE TRACKING ° %
CONTROL COMUNICACIONES \_A
BANDA -
BASE RECEPCION
ESTACION | SEGUIMIENTO
TERRENA >  AUTOMATICO
MONITOREO FRECUENCIA
Y CONTROL Y TIEMPO
| TEST || E. ELECTRICA ||AIREACONDICIONADO

Landsat 5 & 7 Space Program Stations

O L7 Stations

L5 Stations
,

\ ! L5andL7 Stations
/

O Campaign Stations
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2.4. ORBITAL PARAMETERS: TYPES OF ORBITS

O ORBITAL MECHANICS

» An orbit is the trajectory described by a spatial body around the
Earth.

» The motion of the satellite around the Earth is mainly
determined by the force of attraction between two bodies.

» Newton postulated that the attractive force was proportional to
the masses and inversely proportional to the square of the
distance between them.

where:

G = 6.672 10-11 m®Kg™'s™? (Universal Gravitational Constante).
M = 5.974 x 10** kg (mass of the Earth).
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> Cartesian Parameters

They describe the movement of the orbit using position and velocity
vectors at a given time (epoch). It is fully defined with 6 parameters -3
position and 3 speed parameters.

Space Shuttle STS66

EPOCH 11/09/94 13:00:06.210 GMT

X: -410.1438489632090 Km  Vx: -6.009935717301647 Km/s
Y : 333.6855095962104 Km  Vy: -1.961230487490145 Km/s
Z: -406.9395999999989 Km  Vz: 4.448585999999987 Km/s

» Keplerian parameters

Information on the size, shape and orientation of the orbit in a
specified point in time.

Describe Elemento Simbolo

Semi-eje mayor

Tamario de la 6rbita 1 ;
G\ ean monon) True anomaly v

Forma de la orbita Excentricidad e Argument of pgriapsis

Inclinacion H Q C oo
Orientacion de la érbita Longitud del nodo ascendente Q Longitude of ascending node :ei:::;cne

Argumento del perigeo 0] Plane of refer,
eNce

True anomaly Q Inclination

(Mean anomaly)

Posicion del satélite :
Ascending node
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= Types of Orbits

» Each space MISSION requires a specific orbit.

| Mission | Typeoforbt |  AMude | Period | Tt |

Communications

Intelligence

Apogee: 45,170 km

Geostationary 35,786 Km (GEO) 24 hours 0°
Meteorological
Earth Resources | Polar-synchronous | 150-900 Km (LEO) 90 minutes 95°
Navigation (GPS) | Semi-synchronous | 20,230 Km (MEO) 12 hours b5°
[0}
Space shuttle Low orbit 300 Km 90 minutes 28.5 Oor 57
Communication _ Perigee: 7971 Km
Molniya 12 hours 63.4°

TELECAN
i

Distribution of Satellites in Orbits

W Elliptical (41)

MEO (56)
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» Circular LEO, MEO, GEO

LEO: Low Earth Orbit

MEO MEO: Mid Earth Orbit

GEO: GEosyncronous Orbit

» Elliptical
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2.5. SPACE MISSIONS

L METEOSAT SECOND GENERATION
= MSG Program

» The MSG program includes 4 satellites, ensuring services until
2018.

» MSG-1 (Meteosat-8) was launched in 2002 and MSG-2
(Meteosat-9) in 2005.

» MSG-3 was launched in July 2012.

Data from other
meteorological
satellites AtlanticBird-3

”

Operational

&N

)

2

s Low Rate )

AN N User Stations
\ L (RUS)

HotBird-6

Y

\ C-B‘and Users
) [ Grouﬁd
9 oty

tation, Ihly/
Ku-Band Users

\ ta Collection”

\‘ “ ﬁefjie\?ns ~ v

¢

N Weather Baloon
. Data Collection

e ——

Aircraft
« Data Collection

‘(Back-up & Rang!ng\ ‘
Ground Station l’ Satellite Application

g \
) A=
/4 L2l
‘4 Primary Ground
EUMETCast Station (PGS)
Uplink, Usingen

(BRGS) | Facilities (SAFs) Data Collection
Platform (DCP)
{
e 21 \
S5 \‘\ Ik Serze
» |
Support Ground = = Shil
(Staﬂons (5555)] > Data Cou';ctlon

Control & Processing Centre
Damstadt, Germany
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Meteosat-9
0° longitude

Space Segment

SBANDTTC

UHF BAND EDA

S/ALBANDTPA

LBAND EDA

-8
9.5°E ANTENNA PLATFORM

Meteosat-7 Meteosat-é
STSE 67.5°E

SEVIRI BAFFLE (and COVER)

SOLAR ARRAY

PROPELLANT TANKS

COOLER

UPPER STRUTS

SEVIRI TELESCOPE

MAIN PLATFORM

LOWER STRUTS

CENTRAL TUBE

LOWER CLOSING SUPPORT

SEVIRI SUNSHADE {and COVER)

Channels Central wavelength (um) Spectral band (um)
VIS 0.6 0.635 0.56 to 0.71
VIS 0.8 0.81 0.74 to 0.88

IR 1.6 1.64 1.50-1.78
IR 3.9 3.92 3.48-4.36
IR 8.7 8.70 8.30-9.10
IR 10.8 10.8 9.80 - 11.80
IR 12.0 12.0 11.00-13.00
WV 6.2 6.25 5.35-7.15
WV 7.3 7.35 6.85 - 7.85
IR 9.7 9.66 9.38-9.94
IR13.4 13.40 12.40-14.40
HRV 0.5t0 0.9
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Near Solar Reflected Far
LAY Visibie l IR Infrared l Mid Infrared l e Infrared
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AMY Atmospheric Motion Vectors

Wind vectors at different heights derived by tract
constituents (e.g. water vapour patterns and ozo|
Applications & Users: Weather forecasting, nu
monitoring. +8 more

€Ds Climate Data Set

Reduced resolution scene identification informatic
satellite position angles,

Appli Users: Climate research and m
hydrology. += more

cLa Cloud Analysis

Identification of cloud layers with cloud type and
Applications & Users: Weather forecasting, nu
monitoring. 4% more

cLAL Cloud Analysis Image

Identification of scenes type for each image seqr
Applications & Users: Weather forecasting, nu
monitoning. +% more

oM Cloud Mask

Presence of clouds, snow or sea-ice
Applications & Users: The main use is in supp
basis for ather cloud products, and the remote se

Products

CRM Clear Sky Reflectance Map
Reflectances from the four MSG solar channel
images.

Applications & Users: Used to perform clou
climate and land surface applications, +8 mot

CSR Clear Sky Radiances

Radiance values for image segments dutermir
Applications & Users: Numerical weather p|

CTH Cloud Top Height
Height of highest cloud, Based on & subset of

use of ather external meteorological data
Applications & Users: Aviation meteorology

DIV Divergence

Calculated directly from the field of the Atmos
channel. +% more

FIR Active Fire Monitoring

An image-based product that displays informa
Applications & Users: Fire detection and m(

GI1 Global Instability Index

Atmospheric air mass instability. Produced at EUM
Users: Nowcasting (forecasting up to six hours) se

HPI High Resolution Precipitation Ir

Estimates of hourly accumulated precipitation.
Applications & Users: Climate research by the
(GPCP). +2 more

10s ISCCP Data Set

amples of imagery with navigation and calibratio
(reduced area), and B1-data and B2-data (reduce
Applications & Users: Provided in support of thy
(ISCCP), where EUMETSAT acts as a Sector Proce

MPE Multi-Sensor Precipitation Estin

Near-real-time rain rates, in pixel resolution, coml
IR images. Most suitable for convective precipitati
Applications & Users: Operational weather fore
Africa and Asia, +8 more

MSA Meteosat Surface Albedo

Ten-day composite surface albedo in the Meteosat
Applications & Users: Climate studies, +8 mor

SST Sea Surface Temperature

Estimate of temperature for pixels determined as
Applications & Users: Internal use for ca
monitoring. +8 more

™ Tropospheric Humidity
Relative humidity in both mid and upper layers of

Applications & Users: Weather forecasting, nui
monitoring, +3 more

ToZ Total 0zone

Total density of ozone in atmospheric column for
annel and other IR and WV chann

Institutes, +5 more

uTH Upper Tropospheric Humidity

Upper/medium tropospheric relative humidity,
Applications & Users: Weather forscasting, nui
monitoring. +3 more

voL Volcanic Ash Detection

The Volcanic Ash Detection Praduct (VOL) is an ir
information on the presence of volcanic ash withiy
Applications & Users: Volcanic ash detection a
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0 NOAA-METOP
EUMETSAT Polar System (EPS) provides METOP and NOAA runs

missions data

0AA

HRPT
Down-link
4

A-HRPT/LRPT
Stations

LEGEND
SBUV/2 Sclar Backscatter Ultraviolet

AMSU  Advanced Microwave
Sounding Unit

AVHRR Advanced Very High Resolu-

tion Radiometer
BDA Beacon Transmitting Antenna
‘DCS  Data Collection System
ESA Earth Sensor Assembly
HIRS High Resolution Infrared Ra-
diation Sounder
MP Instrument Mounting Platform
MU Inertial Measurement Unt
*MEPED Medium Energy ProtonvElec-
tron Detector
REA Reaction Engine Assembly
SAD Solar Array Drive
*SAR Search and Rescue
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SEM
SLA

SOA
SRA
STX

‘TED
UDA

VRA

Global Data

Metop
; Dump

A-HRPT/LRPT
Down-link

Transfer to MCC

Space Segment

NOAA-18

Radiometer
Space Environment Monitor
Search and Rescue Transmit-
ting Antenna (L-Band)
S-Band Omni Antenna (2 of 6
shown)
Search-and-Rescue Receiv-
ing Antenna
S-Band Transmitting Antenna
(1 of 4 shown)
Total Energy Detector
Ultra High Frequency Data
Collection System Antenna
Very High Frequency Real-
time Antenna

METOP-A

NOAA 11
NOAA 12

TELECAN Tutorial
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EUMETCast Up-link
(Globat & Regional Data)

EUMETCast
Up-link

EUMETCast Down-link
(Global & Regional Data)

EUMETCast
Reception Stations

AM Primary
Decomissioned 16 June 2004

Decommissions 10 Aug 2007
Decommission on 23 May 07
AM Secondary

PM Secondary

AM Backup

PM Secondary

PM Primary
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Scan Rate 6 Hz (0.1667 secs)

AVHRR Scan Type Continuous scan
Hye - Pixel IFOY (3dB beamwidth) 0.0745° (square)
Radidmetro en el VIS/IR para medida
IFOY size at Nadir 1.1 km
global de cobertura de nubes, P e T
temperaturas del mar y tierra, Earth View Pixels / Scan 2048
vegetacion hielo ete : Sath Hpsare
Swath + 1464 km
Spectral Range 0.6 to 12 pm
Lifetime S years (3 years design life)
Power 29 W
Size 300 mm x 360 mm x 800 mm
Mass 33 kg
Data rate 1.4 Mbps
e o AVHRR/3 Channel Characteristics
1060.00
500.00 h Band Wavelength (pm) Typical Use
20000 4+
: 10000 i 1 0.58-0.68 Daytime cloud and surface mapping
U 0%
X w00t 2 0.725-1.00 Land-water boundaries
Wm2pm 1000 T
b | 1 34 1.58- 164 Snow and ice detection
200
;: { 3B 355-393 Night cloud mapping, SST
2;‘2: . 4 10.30 - 11.30 Night cloud mapping, SST
03 o8 10 26 d0 86 Wo ®e
Longueur d'ondes (pm) 5 11.50 - 12.50 Sea surface temperature

Ground Segment

DownConverter

L-Band
Signal

Downconverted Serialised s .
Signal (VHF) Bit Stream Processing SeaStar NOAA
— X subsystem v
Data Acquisition GPS
7 N\
Demodulation i Processing and generation of
r H higher layer formats (CADU,
- Bit Synchronisation === VCDU, Level 0)
Viterbi Decoding Instrument specific Level 1
N % processing (AVHRR, IAS, ...)
Outdoor Indoor ——
Visualisation
L
Antenna, LNA, Receiver Processing Platform(s)
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d LANDSAT/SPOT

= NASA Satellites USGCS.

ETM+ Coarse Sun Sensors

= LANDSAT 1 (1972) e F
= LANDSAT 2 (1975) Rl

= LANDSAT 3 (1978) sperture

Solar drray
(canted 207 from +2 axis)

- LANDSAT 4 (1982) e E—
- LANDSAT 5 (1985) TR ey
- LANDSAT 6 (1993) ey

Antennas

= LANDSAT 7 (1999)
» LDCM (Landsat 8) 2013

Nadir
Satellite Sensor Bandwidths Resolution Satellite Sensor Bandwidths Resolution
LANDSATs 1-2 RBVY (1)0.48t0 057 80 LANDSATs 4-5 MSS (4)05t0086 82
(2)058t0 068 80 (5)06t00.7 82
(3)0.70t0 0.83 80 (6)0.7t008 82
(7)08to11 82
MSS (4)05t0086 79 ™ (1)0.45t0 052 30
(5)06t007 79 (2)0.52t0 0.60 30
(6)0.7to08 79 (3)063t0 069 30
(7)08to11 79 (4)0.76t0 080 30
(5)155t01.75 30
LANDSAT 3 RBY (1)0505t00.75 40 (6)104t0125 120
MSS (4)05t0086 79 (7) 20810235 30
(5)06t00.7 79
(6)0.7to 08 79 LANDSAT 7 ETM (1)0.45t0 052 30
(7)08to11 79 (2)052t0 060 30
(8)1041t0126 240 (3)063t0 069 30
(4)0.76t0 090 30
(5)1.55t01.75 30
(6)104t0125 150
(7)208t0 235 30
PAN05S0to 090 15
mLandsatl :
Landsat 2 “ty
e Landsat3 3 -
131 - Landsat 4 ‘N,
% s - Landsat 5
' MLandsaU
. LDCM (Landsat 8)

013
Landsat 9 -
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= [ andsat 8

» Spacecraft: Landsat Data Continuity Mission (LDCM).
» Launch Vehicle: Atlas V-401
» Launch Date: Feb. 11, 2013

8

Comparison of LDCM's OLI Bands
and Landsat 7's ETM+ Bands

LDCM Spacecraft

G \

Atmospheric Transmission (%)
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a SPOT

» SPOT (Satellite Pour I'Observation de la Terre). It is a medium /
high resolution optical satellite.

» Operated by Spot Image (Toulouse, France). Started by CNES
(Centre National d'Etudes Satiales) in the 70s.

» Launched with Ariane 2, 3 and 4.
= SPOT 1 (1986) with 10 m and 20 m MS PAN.
= SPOT 2 (1990)
= SPOT 3 (1993)
= SPOT 4 (1998)
= SPOT 5 (2002) with 2.5 m /5 m and 10 m MS PAN.
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O GEOEYE/WORLDVIEW

High resolution missions: High resolution satellites are very complex
instruments, with growing demand for its numerous applications in fields as
diverse as mapping, natural resource identification, risk management and
defense. The most important satellites are:

QuickBird IKONOS GeoEye-1 WorldView-1
Resolution 0.6m 0.8m 0.5m 0.5
Swath Width 16.5 km 11 km 15 km 15 km
Multi-Spectral Yes Yes Yes no
DEM Accuracy 20 metet 20 meter 3 meter 3 meter
Average Revisit 3-4 days 2-3 days 2-3 days 3-4 days
Time
Mapping Accuracy 20-meker 10-meter 2-meter 3-meter
{w/out GCPs)
Agility Limited Very/Stereo Very/Stereo VYery/Stereo
Single Scan Multi-scan Multi-scan Multi-scan
Days to Collect 1° x 25 5 3
1°
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Launch Vehicle

Deltall (launch date: September 6, 2008)

Launch Vehicle
Manufacturer

Boeing Corporation

Launch Location

Vandenberg Air Force Base, California

Satellite Weight

1955 kg

Satellite Storage
and Downlink

1 Terabit recorder; X-band downlink (at 740
mb/sec or 150 mb/sec)

Operational Life

Fully redundant 7+ year design life;
fuel for 15 years

Satellite Modes
of Operation

*» Store and forward
» Real-time image and downlink
* Direct uplink with real-time downlink

Orbital Altitude

684 kilometers

Orbital Velocity

About 7.5 km/sec

Inclination/Equat
or Crossing Time

98 degrees / 10:30am

Orbit type/period

Sun-synchronous/ 98 minutes
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Sensor Exploration Features

Camera Modes

+ Simultaneous panchromatic and multispectral (pan-sharpened)
* Panchromaticonly < Multispectral only

Resolution

0.41 m panchromatic (nominal at Nadir)
1.65 m multispectral (nominal at Nadir)

Metric Accuracy/

CE stereo: 2 m
LE stereo: 3m
CE mono: 2.5 m

el These are specified as 90% CE (circular error) for the horizontal and 90% LE (linear error)
for the vertical with no ground control points (GCP's)
+ Nominal swath width - 15.2 km at Nadir
Swath Widths & . Slngl_e-polntscene - 225 sq km (15x15 km)
Representative Area + Contiguous Iarrge area - 15,000 sq km (300x50 km)
Sizes + Contiguous 17 cell size areas - 10,000 sq km (100x100 km)
« Contiguous stereo area - 6,270 sq km (224x28 km)
(Area assumes pan mode at highest line rate)
Imaging Angle Capable of imaging in any direction

Revisitat 684 km
Altitude
(40° Latitude Target)
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= Worldview 2

WorldView-2
Organization
Mission Type
Contractor
Satellite of
Launch October 8, 2009 on a
Launch site
Mission duration 7.25 years
2,800 kg (6,200 Ib)
Webpage
Orbital elements
Altitude 770 kilometers
97.2 degrees
Orbital Period 100 minutes
Space Segment
= Outer Barrel Assembly
== . ) -
) ’ w/Recallable Aperture -
f' 2 .-\i f y 4 Cover
=/
R Sun Shade w/one-time [
" 1y Deployable Aperture Cover

Optical Telescope =~

Focal Plane Unit—"" 5
—_— O

Spacecraft Bus °

Propulsion Module——"" | %

CMG Module -
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= Sensor Exploration Characteristics

» Helio synchronous orbit, 770 km altitude.
» 1 panchromatic channel (0.5 m), 8 multispectral channels (2m).
» Reuvisit period of 1.1 days (Max viewing angle 45°).

= Scene width 16.4 Km.

il / N e Center 50% Band 5% Band

& / . / / / i \\ \ HES Wavelength Pass Pass

¥ / JJ' |\ Panchromatic 0.632 0464—-0801 0447 — 0808
- W= Coastal 0.427 0401 —0.453 0396 - 0.458
£ \ \ Bl Blue 0.478 0448 —0.508 0.442-0515
Tos T\ Iow Green 0.546 0511-0581  0.506—0.586
Lo % :;}’;;aw Yellow 0.608 035890627 0584-00632
g | \ Red 0.659 0629-0689 0624—0694
@ , \ \ Red Edge 0.724 0704—0.744 0.699-0.749
i L NIR 1 0.831 0.772-0.890 0.765-0.901

i 5} p \ = = - P - NIR 2 0.908 0862-0954 0856-1.043

Vi i
Imagery

Las Canteras — 2010
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Introduction

Remote sensing techniques have changed dramatically since the beginning of this
science. Its spectacular development since 1858 -when the French photographer
Gaspard-Félix Tournachon raised his balloon over Paris to take the first aerial
photography- has led to the modern sophistication of sensors on satellites around the
Earth. These current sensors sample almost all possible regions of the electromagnetic
spectrum, achieving spatial resolutions below one meter. Thus, spatial remote sensing
currently allows the study of our planet by providing a synoptic and repetitive view that
allows us to obtain data in a short period of time. In return, remote sensing images can
only provide information about the most superficial layer.

In this context, remote sensing is applicable in the marine, terrestrial and atmospheric
sector, allowing a systematic analysis of many geophysical parameters of great interest
to researchers, businesses, governments and general public. The following chapter in
this tutorial focuses on the description of the main applications of remote sensing
grouped up into the three sectors mentioned above that are more interesting for the
Canary Islands and Northwestern Africa.

Regarding marine applications, the ocean is the most influential element in controlling
long-term stability of the Earth's climate. Not surprisingly it occupies 71% of the Earth
area and it involves a complex web of relationships between physical, chemical,
biological and geological processes. That is why its study should be approached from a
multidisciplinary perspective. This tutorial will explore issues related to oceanography,
coastal monitoring, marine productivity, water quality, etc. Specifically, parameters such
as sea surface temperature, sea level, salinity, winds on the surface of the oceans,
ocean currents, ocean color, water quality, bathymetry and coastal benthic classification
will be described.

When referring to the land area we will focus on continental crust, which is formed by
the continents and continental shelves. This crust has an average thickness of 35 km,
although it is only possible to extract information from the upper layers by using remote
sensing. With regard to the most important terrestrial applications analyzed by remote
sensing, and included in this tutorial, management and monitoring of soil, plant and
forest spaces, mapping, urban planning, agriculture, environment, prevention risk, as
well as defense-related applications and security can be highlighted.
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The Earth's atmosphere is the gaseous part of the Earth. It is the most external and less
dense layer in the planet. It is comprised of one or more gases which vary in amount
depending on pressure at different heights, being oxygen (21%) and nitrogen (78%) its
main gases. Remote sensing has been a fundamental tool in the study and analysis of
local and regional atmospheric conditions for many years. In this tutorial the main
parameters associated with weather forecasting, study of gases in the atmosphere and,
specially, greenhouse disaster prevention, renewable energy, air quality, aerosol
concentration, etc. will be presented.

The objectives of this chapter are:

= Show marine applications of remote sensing space, identifying the most
important physical, biological, chemical and geological parameters and analyze
the main sensors and products available for them.

= Describe terrestrial applications of space remote sensing, identifying their main
areas of application and describing the main available products and their key
features.

= Study the atmospheric applications of remote sensing, and present operational
products for weather forecasting as well as products related to scientific research
of the atmosphere.

CONTENTS
Remote Sensing Applications

3.1 MARINE REMOTE SENSING APPLICATIONS.
3.2 TERRESTRIAL REMOTE SENSING APPLICATIONS.

3.3 ATMOSPHERIC REMOTE SENSING APPLICATIONS.
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3.1. MARINE REMOTE SENSING APPLICATIONS

O INTRODUCTION

Main parameters to study with remote sensing:

Biological Oceanography

« Sea surface temperature
(SST)

* Sea height (SSH)

« Salinity (SSS)

» Surface Winds

* Ocean Currents
Chemical Oceanography

+ Water quality

« Salinity (SSS)

* pH, calcite, etc.

Biological Oceanography

* Ocean color
*  Water Quality
* Algae blooms

¢ Sea Grass

Geological Oceanography

+ Coastal management

* Bathymetry (erosion,

sedimentation, etc.)

R — TELECAN Tutorial
- *

R TELECAN
........ Unién Europea ‘i‘
Mgﬂt}_}ﬂgur - 2013 Fondo Europeo

Transnselonsl de Desarrollo Regional

Remote Sensing Applications

UNIVERSIDAD DE LAS PALMAS
DE GRAN CANARIA

o
PC




0O SEA SURFACE TEMPERATURE (SST)

SST is the water temperature close to the ocean’s surface.

Before 1980 measures were obtained from instruments installed on the coast, boats or

buoys. From 1980 on, most global SST information comes from satellite estimates.

= The ocean emits radiation in the thermal IR and microwave band. The level

received varies with sea temperature.
. There are radiometers working in these bands to measure the SST.

. Thermal IR radiation comes from the surface layer (first 10 microns). The

microwave radiation comes from the first superficial millimeter (1 mm).

. IR sensors have a better resolution (1 km) than microwave sensors (25 km)

but they are affected by clouds that absorb the radiation emitted.

infrared microwave

Interface SST thermometer

Skin SST (IR)

10 um

Subskin SST

1mm |
im | C) Depth SST
CD Foundation SST
5-10m |
Night
I I
-0.3 0

Difference from SST,  (C)

fnd
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= Radiometers in the thermal IR

» Methods for estimating SST multiband

The linear combination of radiances measured in two bands in the same atmospheric

window provides a good estimate of the emitted radiation.

Ts = aoTn +a1°(T11 _Tu)"'az

(Linear split-window equation)

Getting the coefficients (ai).

- Theory: radiative transfer model

- Regression: in-situ data and brightness temperatures

The great variability of the observation angle is an additional item due to difference in

the optical path to cross through the atmosphere.

T.=a, T, +a (I,,-T,)+a, (secld—-1)+a,

*+ AVHRR A i SST'=ay+q- 1)) +[ a+a, (1) _zz)](];l _];2)"'[ a,+as (1, _1;2)] (secO-1)

- MODIS f\ ST =ay+a- I, +ay (1, =T, ) Ly +a (7, =T, Xsec 0-1)
| SSTd=ay+a Ty+a, (L, =1,)+a; -(sec-1)
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Sample images of sea surface temperature from thermal IR

images

MODIS-AQUA AVHRR-NOAA 16
(28-August-04 14:05 hrs.) (29-August-04 3:04 hrs.)

= Microwave radiometers

» Advantages: The radiation is not affected by clouds and it is easier to correct

atmospheric effects.

» Disadvantages: Due to the lower signal intensity in the Planck radiation curve of
the Earth in the microwave region, accuracy and resolution are poorer for the
SST estimated in the passive microwave measurements compared to the SST
obtained from measurements using the thermal infrared. The roughness of the

sea surface generated by wind and precipitation also affect the microwave signal.

SST measurements are usually taken using the channel close to 7 GHz and a water
vapor correction thanks to observations at 21 GHz. Other frequencies used for the
correction of the roughness of the sea (including foam), precipitation and minimal
effect provoked by clouds on microwave radiation are 11, 18, and 37 GHz.
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» Passive microwave instruments used to obtain SST:
- Scanning Multichannel Microwave Radiometer (SMMR on Nimbus-7 and
Seasat)
- Tropical Microwave Imager (TMI on the Tropical Rainfall Measuring Mission)
- Advanced Microwave Scanning Radiometer (AMSR on Aqua and ADEOS 1)

- WindSat in the Coriolis mission

Example image of sea surface temperature from microwave

radiometers

WindSat v7 Sea Surface Temperature: week ending 2013/03/23 - Global
12 150 100 210 20 m 0

Remote Sensing Systems
Www.remss.com
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O SEA HEIGHT

Sea surface topography is the height of the ocean surface relative to a level of no
motion defined by the geoid which is the shape that the surface of the oceans would
take under the influence of Earth's gravity and rotation alone, in the absence of other
influences such as winds and tides. Variations in sea surface topography can be up to 2

meters and are caused by ocean circulation, temperature and salinity.

Topography provides information on tides, circulation and distribution of heat and mass

in the Earth's global ocean.

Sea surface height (SSH) is measured using gauges or altimeters on board satellites.
Altimetry combines the precise determination of the orbit with measuring the distance to
the ocean surface by using microwave pulses. Reliable measurement is not an absolute

parameter, but Sea Surface Height Anomaly (SSHA).

ean Dynamic Topography (cm) Oct 3-12, 1992

= Altimeters

Altimetry satellites basically determine the distance from the satellite to the target
surface by measuring the round-trip time elapsed in a radar pulse delivered to the

surface.

Radar altimeters permanently transmit signals to Earth, and receive the echo from
the surface. The orbit of the satellites has to be known accurately (Doris system) and
their position is determined in relation to an arbitrary reference surface, i.e. an

ellipsoid.

Ku (13.6 GHZz) is the frequency band used (Topex/Poseidon, Jason-1, Envisat, ERS,

etc.).
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Geos-3 and Seasat laid the foundation for a new generation of ocean satellites.
In the 1980s, only Geosat was launched into orbit, whose data were ranked at first.

In the 1990s, Topex/Poseidon, with a precise orbit determination and location system
as Doris allowed for better accuracy of satellite positioning and monitoring of height

sea surface variations.

Altimetry began providing vital information for a larger user community with ERS-1
and later with ERS-2.

Jason-1 and Jason-2, with a relatively short repeat cycle (10 days), allowed to
observe more often the same point in the ocean. Both satellites have a 5 day time

span.

Envisat had a longer cycle (30 days from November 2010), but closer spacing

between exploration bands (90 kilometers in the equator).
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= Temperature and height anomalies

100

Application combining data from temperature and sea level: El Nifio

El Nifio is caused by the occasional burst of warm surface waters in the Pacific close

to Peru’s and Ecuador’'s coast. El Nifio brings severe weather patterns such as

droughts, floods and cyclones.

Nowadays, it is possible to predict El Nifio from ocean data.
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El Nifio - La Nifa

« EI Nifio / La Nifia are quasi-periodic patterns that occur across the tropical Pacific

Ocean roughly every five years.

* La Nifa is an ocean-atmosphere phenomenon that is the counterpart of El Nifio.
During La Nifia, the sea surface temperature in the equatorial area of the Eastern

Central Pacific Ocean is lower than normal by 3-5° C.

20 T r T - —7 77— ] 77— 77—

: 0 v Il ¥ f =
g o W'N 1 Lﬂ x| w Vol V \'N 3'/"
ol L
I ‘ L 1
: © CLS, 2012 i © CLS, 2012
20 1 1 1 1 1 1 1 1
1994-12 1999-12 2004-12 2009-12 1994-12 1999-12 2004-12 2009-12
YEAR YEAR
El Nifio "the little boy* refers to the Christ child, because periodic is usually noticed around Christmas.
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O SALINITY
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It is defined in the ocean as the grams of salt per 1000 grams of water.

One gram of salt per 1000 grams of water is defined as 1 psu (practical salinity

unit). In the open sea the salinity range is usually 32-37 psu.

Salinity varies due to evaporation and precipitation over the ocean, as well as

river runoff and snow melting.

Along with temperature, salinity is an important factor in contributing to the

changes in the density of seawater and, therefore, in the circulation of the ocean.

While sea surface temperature has been measured from space for more than
three decades, the technology to measure sea surface salinity from space has
only recently emerged. As oceans have 1,100 times the heat capacity of the
atmosphere, ocean circulation becomes critical for the understanding of heat

transfer through the Earth and therefore for the understanding of climate change.

Sea Surface Salinity (SSS) can be measured by passive microwave radiometers

working around 1.4 GHz.

The power received by the radiometer is proportional to the microwave emissivity
and the temperature of the ocean surface. Salt increases reflectivity and
decreases emissivity of water. Thus, if the water temperature can be obtained by

other means, the salinity may be deducted from the received radiation.

Satellite remote sensing was not able to measure salinity up to the year 2009,
when the platform SMOS (ESA) was launched. SMOS measures SSS by using
24 low noise radiometers in each arm. These arms are 4.5 m long and have an

Y-shaped antenna. Its accuracy is 0.1-0.2 psu and its resolution is about 35 km.

Aquarius (NASA) was launched in 2011 and includes a radiometer plus a
scatterometer to measure salinity and to consider the effects of sea surface

roughness in the signal reaching the radiometer.
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SMOS (ESA) AQUARIUS (NASA)
Noviembre 2009 Junio 2011

http:/Avww.cp34-smos.icm.csic.es/ http://aquarius.nasa.gov/index.html
http:/Avww.esa.int/SPECIALS/smos/index.html
https /fearth.esa.intAveb/guest/mis sions/esa-operational-eo-missions/smos

1st Global map salinity (SMOS)

August 2010
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Mapa semanal (Febrero 2013)

Mapa mensual
(Febrero 2013)

O SURFACE WINDS

* Ocean wind is the motion of the atmosphere relative to the surface of the ocean.

+ Typically, winds over the ocean are measured with anemometers close to the
surface and attached to buoys, platforms or ships. Winds can also be remotely
measured by using Doppler radars that can capture the sea wind (the scope is

usually limited to several hundred kilometers due to drop of the signal).

* More recently, advances in remote sensing satellites have allowed near surface

wind measurements using passive and active instruments.

TaseTw (1) Tag#Tum

Tay (\)/
A\

Roughness Introduced by Wind
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Remote Sensing Instruments

Passive Radiometer: Ocean surface rapidly responds to the movement of air
above it, which provides a different roughness pattern depending on the relative
velocity and the wind direction in relation to the ocean surface. The roughness of
the ocean surface provides a specific "brightness" that can be detected by using
passive microwave radiometers and can be accurately translated to the wind

velocity near the surface.

Active radars: Specific microwave wavelengths are sensitive to Bragg
scattering, which is a characteristic of centimeter-scale ocean surface waves,
known as capillary waves. They are directly influenced by changes in the
near-surface winds, which enable specialized radars, known as scatterometer,
observe these changes. These radars transmit microwave pulses to the ocean
surface, which immediately scatters a portion of the reflected energy back to the
radar. Once the radar cross section is normalized, the near-surface wind speed
can be calculated as a function of the backscattered energy. Unlike passive
microwave radiometers, the active radar system can combine measurements

from different azimuth angles to obtain the approximate direction of the wind.
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DMSP SSM/I, SSMIS
8 Total, 4 currently operating

TRMM TMI

AMSR-E, AMSR
WindSat

- QuikSCAT

Example of surface winds

WindSat v7 Surface Wind Speed (A.W.): week ending 2012/05/26 - Global
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O MARINE CURRENTS

Sea currents are continuous and direct movement of ocean waters, generated by
forces acting on this medium. Ocean currents can flow great distances, and play a

key role in determining the climate of many regions of the Earth.

Currents can be caused by wind pressure, thermohaline gradients or tidal force.
These currents are also influenced by the Earth's rotation through the Coriolis

deflection.

Ocean currents can be divided into surface streams (10%) and thermohaline currents
(90%). Surface currents are primarily driven by the wind, while thermohaline
circulation is due to variations in temperature and salinity (these streams are slow

compared to the movement of surface).

= Types of currents

e Large scale circulation

In the Northern hemisphere, currents flow around hills in clockwise direction and
counterclockwise around valleys: The opposite phenomenon occurs in the Southern
hemisphere. These currents form whirls around both sides of the equator. Another

large scale circulatory phenomenon is planetary waves.
e Mesoscale circulation

Mesoscale circulation is defined as an energetic phenomenon that at spatial scales
ranges from ten to several hundred kilometers and at temporal scales ranges from a
few days to several months. Mechanisms of genesis are mainly large scale
circulation instabilities, interactions between currents and bathymetry, and pressure

exerted by the wind.
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Robinson Projection
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Medium-scale circulation

Large-scale circulation

Currents can be estimated by using remote sensing altimeters (SSHA) or by
calculating the optical flow in sequences of sea surface temperature or chlorophyll
concentration images. However, in this case clouds could cause problems and the
vector field can only be estimated in areas that are not completely uniform, i.e.

mesoscalar structure areas.

= Altimeter

Ocean currents can raise the height of the sea surface up to one meter above the
surrounding area. Therefore, currents can be calculated by measuring height

variations with on-board satellite altimeters.
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Absolute Dynamic Topography & Geostrophic currents 2012/02/03

Jason-2+Jason-1+Envisat+Cryosat-2
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= SST Sequences
It is the motion estimation in image sequences, typically using region matching

techniques.

Estimacion movimiento - MCC

5 <
LA
20 April 2005 2:29
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= Eddies: ocean storms

These 50-300 km wide structures with a circular or elongated shape are similar to
storms, but they occur in the ocean. They can be clearly seen in maps of sea surface

anomaly from altimeters or in temperature images.

Eddies are important for ocean circulation and climate -for the transport of heat and
movement-, and for marine biology and fisheries, as they cause the mixture of
different types of ocean waters that influence conditions that allow the marine food
chain to develop.
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AR Imagen MERIS (ESA)

Over 10 years of satellite data, Analysis of Sea Level Anomalies, reveals the high
activity areas twists or eddies during those years. Anticyclonic (see above) and
cyclonic (see below) eddies are shown with lifetimes longer than 18 weeks. This

information has been provided from altimetry data.

Both types of eddies move Westward, and with a slight tendency (less than 10°) to

the equator or toward the poles, respectively.
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O OCEAN COLOR

It is the spectral radiation measurement obtained from the reflectance in the visible
band.

Main objective: it is to extract concentrations of marine phytoplankton.

Phytoplankton is the set of aquatic autotrophic plankton, which has photosynthetic

capacity and live dispersed in water. It is important to monitor phytoplankton because:

= |t fixes carbon dioxide into organic matter.

» |t plays a key role in the global carbon cycle and climate.

= |tis responsible for about half of the Earth’s net primary production.
= |tis the basics of the marine food chain.

» |t affects several industries, mainly fishing.

* [t helps to monitor coastal waters and their quality.
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» Remote Sensing: Top Products
The main products obtained by satellite are:
e Normalized water-leaving radiances (nLw)

Radiance emerging from marine subsurface in each spectral band analyzed and
spreads through interface sea-air.

Units:yW cm-2 sr-1 nm-1
e Chlorophyll-a concentration (Chl)

Phytoplankton primary photosynthetic pigment used as an index of phytoplankton
biomass.

Units: mg m-3

SeaWiFS

NPOESS
VIIRS

. g 4 i An advanced
PG NASA mission ?
ol h -~

NO DATA )

1980 1985 1990 1995 2000 : 2010

Chronology of NASA’s MODIS Terra
Ocean Color Measurements s

N
MODIS Aqua
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O CHLOROPHYLL CONCENTRATION

= Open Oceans OC algorithms are the most widely used.

= There are variations depending on the number of bands in the range of green

and blue.

= (OC3 and OC4 algorithms are the most current and implemented for MODIS
(NASA) and MERIS (ESA) sensors.

OC4 version 5 OC4 version 5
100.000 ¢ T T 100.000 ¢ SO E|
10.000 - — 10.0003;:
1.000 - — 1.00025 1
o b o
0.100 - E 0.100 - 4
0.010 - — 0.010+
] E R.510 i
00010 . i N oot . . ... ...\ ]
0.1 1.0 10.0 0.1 1.0 10.0
R.(blue) / R (green) (R.443 > R 490 > R 510) / R 555
General expression of the Bands used
algorithm OC4 = 443> 490> 510/555
log10 (Ca) =(cORcl +c2 +c3+R2R3 R4 + OC3 = 443> 490/555
c4) OC2 = 490/555
where R is log10 (max (Rrs 443, 489 Rrs, Rrs Clark = 490/555
510) / 555 Rrs) Carder = 490/555
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= Regional Scale (Case 2 waters)

The algorithms shown above cannot generally be used for coastal or inland waters,

where the difficulty is greatly enhanced by:

» Temporal and spatial variability

» Pollution from land or seabed

= Aerosols (dust, pollution)

» Suspended sediments and CDOM

= Atmospheric effects and anthropogenic emissions
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empirical regional semi-analytical semi-analytical

0 WATER QUALITY

e Monitoring water quality by remote sensing is normally obtained by several key

parameters: turbidity, temperature, chlorophyll, CDOM, etc.

e The direct relationship between the variation in the reflectivity of the channels
and the variation of water quality parameters was studied by low and medium

spatial resolution sensors (SeaWiFS, Modis MERIS, etc.) for open waters.

e Recently, the high-resolution WorldView2 satellite with 8 spectral bands has
been launched and provides measurements of water quality in coastal or inland

water with a resolution of 2 m.
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= Suspended Matter

« Turbidity is defined as the lack of transparency of a liquid due to the presence
of suspended particles. The more suspended solids are there in the water, the
dirtier the water look and the higher its turbidity is. Turbidity is considered a
good measure of water quality. The more turbid the water gets, the lower its
quality is. Turbidity affects the degree to which light is scattered and absorbed
by molecules and particles.

» Shallow coastal waters are often characterized by high turbidity caused by
resuspension of bottom sediments or human-induced sediments (works,
dredging, etc.).

« Algorithms that estimate suspended matter in the water (Total Suspended
Mater - TSM) are based on the increased reflectivity of water in the red and
green bands.
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There is currently no accurate and reliable generic algorithm for

guantification of TSM in coastal areas

= There are a variety of algorithms that calculate turbidity mainly using several

bands near the red.

= Algorithms directly using a band reflectivity (i.e., polynomial) are more

exposed to noise.

= MODIS provides 2 products of suspended particulate matter which are

inorganic (PIC) and organic (POC) matter.

= Dissolved Matter
» Colored dissolved organic matter (CDOM, yellow substance, gelbstoff) is
the optically visible component of organic matter dissolved in the water. It has
an important effect on the biological activity of aquatic ecosystems.

= CDOM absorbs short wavelengths (UV, blue), while clean water absorbs the
higher wavelengths of the visible spectrum. That is why water turns into a

greenish-yellow tone.
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= Algorithms for estimating CDOM are normally based on the variation of the

reflectivity of the yellow band. They are not robust or noisy.

= CDOM interferes with the remote detection of chlorophyll concentrations.
Therefore, algorithms for the detection of CDOM are used for discriminating
the matter against the photosynthetic pigments and inorganic suspended

matter.

= Here we are an example of an algorithm for calculating CDOM:

CDOM (mg/l)= 5456.63*R_605+ 298.45

indice de CDOM

J MODIS-AQUA
Algoritmo de Morel et al. (2009)

imagen de Febrero 2013)

= Medium- High resolution

One of the main current challenges is to study water quality by using medium and

high resolution satellite data.
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WV-2 composicion RGB

Materia Suspendida

| mEn = - P——
E _—— | ]
Wavelength (nm)
Landsat Worldview-2
= Oil spills

Another aspect of water quality is the detection of oil spills. This is possible using
data from synthetic aperture radars (SAR) that detect the roughness of the sea. QOil
spills are easily detectable under certain wind conditions, because the backscatter is

much lower in areas contaminated by the spill.

SPACECRAFT ALTITUDE
(785 kam NOMINAL)

= Oil spills: a case study
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+ ERGOS (Environmental Response Team for Black Tide)

« WWZF/Adena, ESA, INTA, Directorate General of Coasts, Merchant Navy,
SASEMAR and the Canary Islands’ Government.

* Period: June 2000 - October 2002
« Area: Canary Islands (300, 000 km2)

» Detectability basically depends on wind speed (3-6 m / s), sea state and how

old is the stain.

Year Passes Oil spills F_’asse_s
analyzed detected with spills
2001 84 58 69 %
2002 113 28 25%
Total 197 86 44%

O BATHYMETRY

A very recent application is to obtain the bathymetry of shallow coastal areas -up to 20
or 30 meters- from high resolution satellite data. It is a very complex issue, because
only a few bands manage to penetrate far enough and the effects of seabed reflectivity

have to be avoided.
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0O BENTHIC CLASSIFICATION

The classification of the seabed is a difficult issue to solve from remote sensing data. It
is only possible a shallow depth classification, since light penetration in coastal waters is
much lower than in the open sea and basically only just blue and green channels can

penetrate.

In this example image, worldview-2 shows that only the first 3 or 4 bands (up to yellow

band) may be used.

RGB Near blue Blue Green Yellow Red
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Furthermore, only homogenous classes that are separable at those wavelengths can be

distinguished. Turbidity prevents seafloor classification.

Sediments: physical-chemical state

q1 Light -~ Stratification @ Nutrients @ Sediments
A
. Evaporation 53 Deposition O Toxicants
. eentarnd G2
* @&mmmenl Weelands Proganme

Examples of Benthic Classification

Quickbird 22 August 2005 Quickbird 30 July 2008
23°4’E 23°5'E 23°4'E 23°5'E
z M Land mask
2 Bare sand
% I Hard bottom with ephemeral algae
0 M Higher-order plants on soft bright bottom
B Dense higher-order plant habitat
B Brown alga Fucus vesiculosus
Drifting algal mats
M Deep water > 3m
Z
(=)
>
S
w
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3.2 TERRESTRIAL REMOTE SENSING APPLICATIONS.

O VEGETATION AND FORESTS

Terrestrial vegetation systems provide unique reflectance properties of the radiation

received allowing characterization using remote sensing techniques.

= Vegetation Indexes

Spectral indexes are combination of spectral bands to obtain the parameter of

interest (vegetation, water, bare soil, etc.)

Vegetation indexes are calculated by combining reflectivity at different wavelengths
to discriminate and extract vegetation information minimizing the influence of external

factors such as soil, solar irradiance, illumination and observation geometry, etc.)

Reflectivity (%)
60 F
Healthy
vegetation
40
Sick
vegetation
20 Ground
0
1 pm
(050-008) o 04-030) o0
(0.50 + 0.08) (0.4+0.30)
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» There are many indixes for estimating vegetation:

Modified
] odtie MSAVI2
Ratio Second Soil- 1
RVI vegetation RVI = % MSAVI2 adjusted =5 [Z(an +1)
i R .
index vegetation —V2(Ryiz + 1)? — 8(Ryiz — Re)]
index
Normalised Adjusted
NDVI difference NDVI Ry — Rg  RVI—1 transformed ( 5
=% i a(Ry;, — aRp —
i Ryir +Re  RVI+1 ATSAVI il-adjusted = VIR R
vegetation NIR R soil-adjuste ATSAVI @Ry + Rp —ab + X(1 + )
index vegetation
Weighted index
difference Environmental
WDVI . WDVI = Ryir — aRg EVI vegetation EVI :M
vegetation 1+ Ry;r + 6Rg — 7.5Rg
. index
index
. . Green
Soil-adjusted .
Ry — Re normalised
SAVI vegetation SAVI = ——F——= —(1+1) NDVlverd . _ Ryir — Rsso
Ryir —Rp +L difference NDVlgyopn = _—
index € ve . NIR 550
getation
Second Soil- index
adjusted R
SAVI2 ) ‘ SAVI2 = 7”'2 2750 ivso gm
vegetation Rg + /ﬂ 550 550 ss0
index Regso Rsso Rgso
RSSU RSSU RSSU

Examples of the most important indexes:

NDVI and EVI (MODIS / Aqua).

{NDICE DE VEGETACION MEJORADO (EVI)

0.23 0.290.35 0.40 0.460.52 0.580.63 0.690.750.80 0.86 0.92 -0.05 0.01 0.23 0.290.35 0.40 0.460.52 0.580.63 0.690.750.80 0.86 0.92
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= Forests

Remote sensing is useful in forestry applications. Some important applications are
the following:

+ Forest cover

+ Forest density (crown closure)

+ Phenology (seasonality)

* Inventory of forest species

+ Biomass estimate

+ Deforestation

+ Forest Protection

» Prevention, monitoring and evaluating fire

2,500 km

Global deforestation between 1990 and 2005 was annually 14.5 million hectares.

The results of the overall evaluation of forests by remote sensing show that in 2005

the world's forest cover was 3,690 million hectares, or 30% of the Earth's land area.
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These new results indicate that the rate of deforestation in the world, mainly the
conversion of tropical forests into agricultural land, was an average of 14.5 million

hectares per year between 1990 and 2005. This finding is consistent with previous

estimates.

Greatlosseg in Afr{ca and i “ 74 . e
South America. Asian . - .
reforestation i B . I—
1THIBIEIEIE
8 13 3% 3% Ay R
Wl Incrementos brutos I Perdidas brutas Cambio neto

http:.//www.fao.org/forestry/fra/remotesensingsurvey/es/
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O AGRICULTURE

Agriculture is the economic mainstay of many countries. Remote sensing can provide large
information:

+ Crop extension

» Stock crops

* Agricultural production

» Forecast of harvests

» Selection and monitoring agricultural areas

» Evaluation of drought or flood damage

» Control of pests and crop diseases

+ Detection of metabolic stress (water or nutrition)

* Precision agriculture
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= Agricultural production
Example of applications:

» Selection of suitable plots (better soil, moisture, etc.)
» Monitoring the evolution of crops (phenology, fertilization, etc.)

» Detection and damage assessment

Example: progressive collection of wheat in June 2006

5 /6/2006 14/6/2006 23/6/2006 29/6/2006

O URBAN MONITORING

= Urban applications of remote sensing

Remote sensing applications in urban areas depend mainly on the number of

available bands and the spatial resolution of the sensor.
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Detecting
Hyperspectral urban

materials
_ Extension Coverage Mapping
Multispectral and and uses structures
applications (city) (Spectral)
Global- Built area Mapping of
A band regional urban (o) structures
growing L ) (geometric) Spatial
Resolution

Moderate High Very high

Time

Different examples are presented below.

= Extension and global/regional urban growth

* Mapping urban areas

« Understanding urbanization

* Analyzing and forecasting growth trends and land use change
* Preventing environmental degradation and pollution

* Global Economic Analysis (population, agricultural waste, industrial,

commercial, etc.)
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Manila, 1975 Manila, 1990 Manila, 2000 Manila, 2010

o T

Extension and urban/rural growth

* Mapping urban city level

« Estimating population

* Understanding urbanization (city blocks, etc.)
» Planning (ports, airports, roads, etc.)

» Detecting clandestine constructions

* Analyzing vulnerabilities and risks

* Monitoring natural disasters

* Analysing regional economics (population, decrease of agricultural

activity, industrial and comercial activities, etc.)
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= Land use and environmental indicators

* Mapping land cover at regional, local or city level

* Mapping urban green areas (parks, forests, etc.)

» Characterizing and estimating drainage areas sealed (floods, etc.)

* Studying urban heat islands: the comfort of cities depends on the 3D

structure of buildings, their geometry, building materials, landscaping, etc.

Legend

mll 11100: Continuous Urban fabric (SL. > 80%)
mll 11210: Discontinuous Dense Urban Fabric (S.L. 50% - 80%)
mll 11220: Discontinuous Medium Density Urban Fabric (S.L.: 30% - 50%)
Wl 11230: Discontinuous Low Density Urban Fabric (S.L.: 10% - 30%)

11240: Discontinuous very low density urban fabric (S.L. < 10%)
ol 11300 Isolated Structures
Bl 12100: Industrial, commercial, public, military and private units
Wl 12210: Fast transit roads and associated land

12220: Other roads and associated land
mll 12230: Raitways and associated land

12300; Port areas

12400: Airports
mll 13100 Mineral extraction and dump sites

| 13300: Constructon sites

il 13400: Land without current use

14100; Green urban areas

14200: Sports and leisure faciites

20000: Agricultural, semi-natural and wetiand areas.
ol 20000: Forest
Wl 50000: Water
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= Vulnerability to disasters

* Vulnerability maps at local level

* Hyperspectral optical sensors (can be combined with Lidar (height), SAR,

etc.)

= Damage assessment after disasters

Peru: Earthquake (7.9 degrees)
Study of change detection using SPOT-5

I Severe
Light

td I No damage
o - .
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= Urban remote sensing at very high resolution
* Level analysis at object level (building, road, bridge, etc.)
+ Detection and modeling of structures
* 3D modeling of buildings.

» Catastrophes, etc.

O LAND USE AND LAND COVER

+ Economic development, population growth and climate variability have caused
rapid changes in recent decades.

* Our life is linked to different land cover -water, forests, deserts, etc.- around us.
When they change, our health, economy and environment may be affected.

* Remote sensing allows obtaining land use and land cover maps (LULC) that are
becoming more and more reliable and are achieving a better spatial resolution.
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Class Selection

* There is no single standard for global LULC maps. The most commonly used
are: Corine, LCCS (GlobCover, GLC2000), Anderson, IGBP, etc.

_ TECNICA ESQUEMA DE
DATOS SENSOR FECHA RESOLUCION CLASIFICACION CLASIFICACION
VEGETATION Nov 1999 Supervisada- LCCS (Nivel:
GLC2000 /SPOT4 Dic 2000 L km No supervisada regional v global)
Landsat TM 1:100.000 . - Sistema jerarquico
CORINE 1SPOT 1999-2000 250 m Fotomterpretacién (44 clases)
Cluster no :
GLOB- Ene 2005 - LCCS (Nivel:
COVER MERIS Tun 2006 300m supervisado- regional v global)
Supervisada

* For regional analysis, it makes sense to choose the right classes for the study

area.

W Open Water
Low-Int. Resident

B High-Int Resident

B Comm/indust/Trans

] Bare Rock/Sand

B Quarry/Strip Mine

B Transitional

B Deciduous Forest

Bl Evergreen Forest

Bl Mixed Forest
Grass/Herbaceous
Pasture/Hay

Bl Row Crops

B Small Grains
Other Grasses

0 Woody Wetland
Herb. Wetlands
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= CORINE LAND COVER

CORINE (Coordination of Information on the Environment) involved the creation of a
database of land use in the European Union. It is run by the European Environment

Agency.

Corine land cover classes

1. Artificial surfaces 3. Forest and seminatural areas
1.1 Urban fabric 3.1 Forests

I 11 Consnuous wtwn teore B 311 Boscieaves tomst

I 12 Cscontnwus wten trc I 312 conterous forest

1.2 Industrial, commercial and transport units. [ ESEYRRTE

[ TR Te— _—— 3.2 Shrub andlor herbaceous vegetation associations

I 122 Rovd o newos and ssociomdiong [ 32 Netrl grosiand
S [ 322 Moon ara stians
S [ 523 scuroprytous vegetsion

1.3 Mine, ump and construction sites [ 324 ansmions wooassa swun

B 31 viors oxractin stes 3.3 0pen spaces with littie of no vegetation
R 531 Boachen, ames, s s
B 133 councionsm 222 e rock

! | 332 Sparsely vegetated aress
1.4 Artificial, non-agricultural vegetated arcas

[ FETr—

141, Groen wrban arees
| 142 S0 and teisure tacitties

2. Agricultural areas

[ 335 Gacers and perpetuat snow
4. Wetiands.
4.1 Inland wetlands.

2.1 Arable land
201 Non-migeted aradl land [ 1.1 an marshes
] 2.2 Permanansy rrmed ana I <12 Pescios
[7] 213 Reotouss 4.2 Coastal wetlands
22 Permanent crops [ 421 satmarsnes
B 22 oo [ <22 sawes
] 222 F ook voos ana bary panatons B s vensinin
223, Oivo groves 5. Water bodies
2.3 Pastures 5.1 Inland waters
231 Pastes 51,1, Water courses
2.4 Heterogencous agricultural areas [0 512 vt oocms
Canary Is.
240, Al crops associeted wih prmanent cops 52 Marine waters.
[[7] 242 Compex avation patwms [ 52.1. Coastai agoons
v \ | [E] 243 Lana prncpaty occuped by agrcuture [ 522 exmunnes
=\ [ 244 Agotmery sess 523 S0 andocem
H s L (] 590 xioo 1500 km .

= ANDERSON
In 1972 Anderson developed a system of multilevel classes of land cover.

It is used primarily by the USGS using Landsat data.
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Level I Level IT
1 Urban or Built-up Land 11 Residential
12 Commercial and Services
13 Industrial
14 Transportation, Communications, and Utilities
15 Industrial and Commercial Complexes
16 Mixed Urban or Built-up Land
17 Other Urban or Built-up Land
2 Agricultural Land 21 Cropland and Pasture
22 Orchards, Groves, Vineyards, Nurseries, and Omamental Horticultural
Areas
23 Confined Feeding Operations
24 Other Agricultural Land
3 Rangeland 31 Herbaceous Rangeland
32 Shrub and Brush Rangeland
33 Mixed Rangeland
4 Forest Land 41 Deciduous Forest Land
42 Evergreen Forest Land
43 Mixed Forest Land
S Water 51 Streams and Canals
52 Lakes
53 Reservoirs
54 Bays and Estuaries

6 Wetland

7 Barren Land

8 Tundra

9 Perennial Snow or Ice

61 Forested Wetland

62 Nonforested Wetland
71 Dry Salt Flats.

72 Beaches

73 Sandy Areas other than Beaches

74 Bare Exposed Rock

75 Strip Mines Quarmies, and Gravel Pits
76 Transitional Areas

77 Mixed Barren Land

81 Shrub and Brush Tundra
82 Herbaceous Tundra

83 Bare Ground Tundra

84 Wet Tundra

85 Mixed Tundra

91 Perennial Snowfields

92 Glaciers

= IGBP (International Geosphere-Biosphere Programme)

International program for coordinating the interactions between biological, chemical

and physical land processes and human systems at global and regional level

(MODIS 500m).
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CLASIFICACION DE LA CUBIERTA TERRESTRE (IGBP)

13, Arens Urbanas y Construcciones

2.Bosaue de Latifoliadas Perennes

3. Bosque de Coniferas Caducitolias

4. Bosque de Latifoliadas

Caducifolias

5. Bosque Mixto

TELECAN Tutorial
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At sallossn vegetacion natural

9. Sabanas 15. Niave y Mielo

10, Pastizales
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= LCCS (Land Cover Classification System)

Powered by FAO and UNEP (United Nations Environment Programme)

v' GLC2000

Global land cover map for the year 2000 generated by more than 30 institutions
using SPOT-Vegetation data (1 km)

Global Land Cover 2000

l:| Background

- Bare rock

I cites

- Closed deciduous forest

- Closed evergreen lowland forest
III Closed grassland

:] Croplands (>50%)

I:I Croplands with open woody vegetation
- Deciduous shrubland with sparse trees
- Deciduous woodland

- Degraded evergreen lowland forest
- Irigated croplands

- Mangrove

- Montane forest (>1500 m)

|:| Mosaic Forest / Croplands

D Mosaic Forest / Savanna

- Open deciduous shrubland

|: Open grassland

[:[ Open grassland with sparse shrubs
C] Salt hardpans

[:] Sandy desert and dunes

C] Sparse grassland

[:] Stony desert

- Submontane forest (900 -1500 m)
:l Swamp bushland and grassland

- Swamp forest
- Tree crops
A 0 45 9 18 27 36
- Waterbodies [ Kilometers

v GLOBCOVER

Global land cover map of the ESA made in collaboration with EEA, FAO, GOFC-
GOLD, IGBP, JRC and UNEP using MERIS data (300 m)
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= SIOSE

The Spain Information System on Soil Occupation aims at integrating information

from databases and land cover of the Autonomous Communities and the Central
Government. SIOSE uses multiple sources of information, including SPOT and

Landsat data.

MINSTERIO  MNISTERIODE  MINISTERIO  MmisTERIO | MmisTEmO _y
OE FOMENTO  CiENCIA E. OE ECONOMIA DE VIVIENDA OFE ODEFENSA i . —
WRSASon PRSI

e arbolado, matorral y pastize

Coberturas de agua con vegetacién asociada
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O MAPPING AND GIS

Remote sensing systems are very useful in mapping applications and geographic

information systems thanks to the increasing in spatial resolution.

Example of Google Earth.

a
Google-eartt

O EARTH SURFACE TEMPERATURE

Land Surface Temperature (LST) is a parameter that serves as an indicator of energy
balance and water on the Earth's surface for the detection of climate change. It is also
useful to monitor the health of the vegetation or to analyze desertification processes or
to be used as an input data model for weather prediction.
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TEMPERATURA SUPERFICIAL TERRESTRE DIURNA (°C) TEMPERATURA SUPERFICIAL TERRESTRE NOCTURNA (°C)

! ! ! ! ! 8 I0;214161820!224;6283032343638404244 ! ! ! ! ! !l0;21416!8202224;6283032343638404244

O NATURAL DISASTERS

Remote sensing has enabled humanity to understand more clearly the dangers that

threaten our planet.

It is essential for disaster management from the design of models of risk and

vulnerability analysis, to early warning and damage assessment:

» Disaster prevention (lives, material and natural resources)
+ Real-time tracking of a disaster
* Analysis of the effects after a natural disaster

« Tracking recovery activities

Types of Natural Disasters:

* Fire

* Floods

+ Earthquakes, faults, etc.
* Eruptions

» Drought
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MODIS Rapid Response System Global Fire Maps AATSR Global Fire Atlas

http://earthdata.nasa.gov/data/near-real-time-data/rapid-response http.//due.esrin.esa.int/wfa/

» Firein the Canary Islands (summer 2007)
The main strategies for detecting the burned area are:

e A post-fire image: NBR index (Burnt Normalized Ratio) or Tasseled-Caps
(Landsat)

¢ Images before and after the fire: change detection techniques (NDVI, NBR, PC,
classification).

de Desarrolio Regional DE GRAN CANARIA
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Visible NR SWIR MR
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Potential Fleod Waters
Wuzhou Area

uNosAT @

Some InSAR Interferometry examples:

Enwvisat ASAR
Interferograms

2003 Bam (Iran) earthquake

Data available thanks to ASAR BRM
(image mode, WV, swath 2)

Data available thanks to ASAR BRM
(Image mode, VV, swath 2)

O DEFENSE

Border control

TELECAN
y

Remote sensing has been used for decades in areas such as:
Security and Intelligence
High-resolution mapping

Verification of international treaties

Emergency Management

Natural Disaster Monitoring

TELECAN Tutorial
Remote Sensing Applications

Zarand (Iran) earthquake
22 February 2005

Data available thanks to ASAR BRM
(Image mode, WV,
descending pass: swath 2,

+ ascending pass, swath 6)
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O OTHER APPLICATIONS

+ Geology (minerals, sedimentation, erosion, etc.)
» Soil moisture

» Topography (digital elevation models of terrain)
* Archeology

+ Geodesy
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3.3 ATMOSPHERIC REMOTE SENSING APPLICATIONS

INTRODUCTION

* The atmosphere is a mixture of gases.
+ It has different layers.

* The first 80 kilometers contain more than 99% of the total mass of the Earth's

atmosphere.

» Air circulation is a large-scale movement of air through the troposphere. It is the

mechanism by which heat is distributed around the Earth.

* The large-scale structure of the atmospheric circulation varies from year to year,
but the basic structure remains fairly constant as it is determined by the speed of

the Earth’s rotation and the solar radiation difference between the equator and

the poles.
POLAR
100 Kéarmén line
90 Thermosphere
aurora " - FERREL
80 —Mesopause CELL
ionosphere D layer
70
o meteor ¢
=
o 60
.g Mesosphere HADLEY
_':3 50 —f-Stratopause
g 40 weather ba/logn
g NASA X-43A
© Stratosphere
30
ozone layer
SR-71 Blackblld
20 | | Concorde =
Density
typical airliner
10— N % Tre ise -
Mt Everest,
Pressure Troposphere
0 Burj Khalifa,
Density (kg/m?) 0.5 ! 15 Challenger
Pressure (kN/m?) 50 100 150 Wheee ™
Speed of sound (m/s) 250 300 350 Superdesn
Temperature (K) 200 250 300 Earenole SG-3
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» Interactions of the atmosphere

*  When EM radiation travels through the atmosphere absorbed or scattered by

particles in the atmosphere.

*  The atmosphere also emits=> Thermal IR

Visibl
- Infrared ~!<ISI E:A UV—>>
100~ Methane (CHg)
50+ jk I
0 | ) ! I J
1001 Nitrous oxide (N,O)
= 50 I
T g o0 : . : '
2 Oxygen (O,) and
ﬁ 100~ ozone (Og)
=T 5 50} A I
- k]
E:m. - E 0 A, ]
£ = 2100 Carbon dioxide (CO)
s | € £
4 g e\ U
= £ 0 1 1 1
Eﬂ. - B
E £100 Water vapor (H,0)
g i 2 sk
H & \
E . am K 0 | Il ]
=
& 100 < Atmosphere
Lo oK 501
% : 2 Ly ? ; 6 7 I7
4 1 1 1 3 5x10° 10° 5x10° 10°
° g Wavelenath (umr)m = 12-10 i L 4.1-3.5um

The main applications of remote sensing in the atmospheric field are:

* Weather forecast

» Study of atmospheric gases

* Prevention of disasters (storms, winds, etc.)
* Renewable energies (wind, solar)

« Air quality: pollution, aerosols, calimas, etc.
* Greenhouse gases

* Climate change

canarias
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The main tasks of remote sensing in the atmospheric field are:

+ Geostationary satellites (MSG): Predictions in real time (nowcasting)

+ Polar satellites (ESA, NASA): Better spatial resolution

Atmospheric products generated by different agencies or remote sensing centers are

presented below.

O EUMETSAT

EUMETSAT’s main missions is currently Meteosat, a Second Generation Satellite,
and, specifically, SEVIRI sensor, although data from other sensors in polar orbit are

also used.

Some of the products supplied by EUMETSAT are presented and described below.
They can be divided into:

- Near real-time meteorological products
http://oiswww.eumetsat.org/IPPS/html/MSG/PRODUCTS/

- Atmospheric products

http://www.eumetsat.int/Home/Main/DataProducts/Atmosphere/index.htm?l=en

= Near real-time meteorological products

= Winds MSG (SEVIRI)

Atmospheric Motion Vectors (AMV) product consist of wind vectors estimated at different
heights by tracking the movement of clouds and other atmospheric components (for
example, patterns of water vapor and ozone).

TELECAN Tutorial

- _ Remote Sensing Applications
% - TELECAN / ! . ?
PC

uuuuuuuu Unié6n Europea > i = - UNIVERSIDAD DE LAS PALMAS

MAC 2007 - 2013 Fondo E
Ciopeacin Taasricind e Desarrallo Regional DE GRAN CANARIA




T > 950 hPa
800 hPa - 950 hPa
650 hPa - 800 hPa
500 hPa - 650 hPa
W 350 hPa - 500 hPa

* Winds are caused by changes in atmospheric pressure (air mass pushed

downwards by gravity) leading to air movements.

* Pressure gradients propel winds with air that moves from higher pressure areas

to lower pressure areas.

* Friction on the surface causes that very low altitude winds move more slowly and

often in directions other than the high levels of the atmosphere.
» Air circulation is also affected by the heating of the sun.

* Techniques for remote sensing of winds are:

- Winds of Clouds: tracking clouds and water vapor in the VIS or IR bands (MSG).

* Tracking the movement of clouds in the geostationary satellite imagery is the

oldest method to calculate wind vectors.

TELECAN Tutorial

. . —

- Remote Sensing Applications
% - TELECAN /3 "’?
PC

canarias
DRIETIVO de PROGRES

uuuuuuuu Unié6n Europea > i - UNIVERSIDAD DE LAS PALMAS

MAC 2007 - 2013 Fondo E
Ciopeacin Taasricind e Desarrallo Regional DE GRAN CANARIA




 The direction and speed is estimated by measuring the difference vector in the

location of a particular cloud in two consecutive images, divided by the interval of

time between two images (typically 15 or 30 min).

* Wind can be accurately estimated by using clouds that move passively with the

winds: high-level cirrus and low level clouds -high cumulonimbus and orographic

clouds are poor candidates.

* Problem: dependence on the presence of clouds in the picture (grid

non-uniform).

« Solution:, images of water vapor (6.5 to 7.5 microns) allow to monitor the wind by

the movement of water vapor in cloud-free areas.

Selection Image Improvement Obtention Assignement

of targets | —> preparation == oftheimage (=3 of the =3 of height

displacement

Procedure for obtaining vectors AMV

- Sea Surface Winds: analysis of the roughness of the surface of the oceans, with

active or passive microwave sensors.

= Disaster Prevention: wind alert

AMV wind product correlated with the height of the waves on March 4, 2013.
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» Precipitation

Multi-sensor Precipitation Estimate (MPE) product consists of rain rates in real time in
mm/hr for each Meteosat image in original pixel resolution. The algorithm is based on
the combination of microwave measurements from polar satellites and images on

Meteosat’s IR channel.

Applications: operational weather forecasting in areas with little or no radar

coverage, particularly in Africa and Asia.

& EUMETSAT
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= Clouds MSG (SEVIRI)

Cloud Analysis (CLA) product provides an identification of cloud layers specifying the

type of cloud coverage, height and temperature.

Applications: weather forecast, numerical weather prediction, climate research and

monitoring.

PERCENT
0.0 25.0 50.0 75.0 100.0

MPEF CLA 2013-85-15 14:45 UTC v} EUMETSAT

The Cloud Analysis Image (CLAI) product identifies types of clouds. This is a picture
of the product obtained along with CLA.

Applications: Weather forecast, numerical prediction, climate research and

monitoring.
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H very low cum.

seaice

land.snow

MPEF CLAI 2813-85-15 11:45 UTC & EUMETSAT

Cloud Mask (CLM) product is a mask that indicates the presence or absence of cloud
in each pixel. Specifically, each pixel is classified as clear sky over the water, on land

clear sky, cloud or not processed (outside the disk of the Earth).

Applications: The main use is in support of the applications of short-term

forecasting and for remote sensing of continental and oceanic surfaces.

The Cloud Top Height (CTH) product indicates the height of the highest clouds. It is
obtained from the information extracted from the images and data of the cloud’s

analysis. It also makes use of other external weather data.

Applications: aeronautical meteorology.
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MPEF CLM 2013-85-15 15:38 UTC % EUMETSAT MPEF CTH 2013-85-15 15:38 UTC

[] cloud METER
B Land 0.0 20000.0

. e

& EUMETSAT

» Moisture MSG (SEVIRI)

The Tropospheric Humidity (TH) product
provides the relative humidity in both the

middle and the high troposphere.

The upper level is obtained from the
middle layer relative humidity between
approximately 600 hPa to 300 hPa using
WV6.2 channel micrometers, while the
average moisture in the troposphere
represents the average value between
850 hPa and 600 hPa using WV7.3

PERCENT

channel microns. 0 25 50 75 100
T

& EUMETSAT

canarias TELECAN Tutorial

Remote Sensing Applications
& - TELECAN

.......... Unién Europea A ) UNIVERSIDAD DE LAS PALMAS

Fondo E
MAC ZDDT 2013 d:nmnu::megnonal DE GRAN CANARIA




= Atmospheric products

The available atmospheric data from satellites has benefits beyond its contribution
to weather forecasting. The data accumulated in the EUMETSAT files help to detect
and to understand the processes that affect climate change. Information on the
composition of the atmosphere, obtained from satellite measurements, plays a vital
role in the knowledge of the environment, and the environmental risk assessment,
such as the destruction of the ozone layer in the stratosphere and the accumulation

of pollutants in the atmosphere.
Some EUMETSAT meteorological products are:

- Coastal Winds ASCAT at 12.5 km Swath Grid - Metop
- Aerosol Properties over Sea - MSG - 0 degree

- All Sky Radiances - MSG - 0 degree

- Atmospheric Motion Vectors - MSG - 0 degree

- Cloud Analysis - MSG - 0 degree

- Cloud Analysis Image - MSG - 0 degree

- Cloud Mask - MSG - 0 degree

- Cloud Top Height - MSG - 0 degree

- High Resolution Precipitation Index - MSG - 0 degree
- Total Ozone - MSG - 0 degree

- Tropospheric Humidity - MSG - 0 degree

- Volcanic Ash Detection (CAP) - MSG - 0 degree

http://www.eumetsat.int/Home/Main/DataProducts/Atmosphere/index.htm?l=en

= Aerosols MSG (SEVIRI)

The product AES estimates the aerosols’ optical thickness in pixels of clear sky over
the sea in VIS0.6 channels, VIS0.8 and NIR1.6. Furthermore, it determines the
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coefficient of Angstrom. The product is a daily average. Applications include

numerical weather prediction, research and climate monitoring.

* Aerosols are particles suspended in the atmosphere from natural and
anthropogenic sources with sizes between 2 nm and 1 mm.

* Sources of aerosols: soil dust, sea salt, volcanic emissions, pollen, biomass

burning or industrial combustion.

» Geographically one of the main sources that generate this atmospheric dust or

haze is the Sahara desert and the Sahel region.

* Dust affects primarily climate -temperature and precipitation-, marine productivity,
and health.

» Dust also affects directly and indirectly the Earth's radiation balance. On the one

hand, it disperses outward incident solar radiation causing a cooling of the
planet's surface, and on the other, it prevents that the radiation emitted by the

Earth's surface escapes which causes warming.

* It includes nutrients such as iron, phosphates or organic detritus, which have a

positive effect on the ocean by fertilizing regions of low marine productivity.
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* Furthermore, dust affects air quality and thus it has a detrimental effect on

human health due to the transport of spores, fungi, bacteria or pesticides.

= Ozone MSG (SEVIRI)

The overall density of the ozone in the atmospheric column for each image segment
is based on 9.7 micron channel (channel SEVIRI ozone) and other IR and WV

channels.

This product is used by NWP centers, ozone monitoring services and research

institutes.

MPEF T0Z 2811-87-15 86:45 UTC & EUMETSAT

Other space agencies generate atmospheric remote sensing products.
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O EUROPEAN SPACE AGENCY (ESA)

ESA has also launched several satellites to study the atmosphere, but since the
creation of EUMETSAT, the objective is geared more to scientific studies than to

operational services.

Since 1978 1991 1995 . '20072 /'
Ccicosat I crs 1 IR cs 2 I v

Oceans
Civosnliors + Global ozone +Ocean coIOL_lr
s +Earth surface + Atmospheric
Earths surface o sy
Climatology

Some of the atmospheric parameters are described below.
= Ozone

Hole in the ozone layer: area in the stratosphere where abnormal ozone reductions
occur. It is an annual phenomenon observed during spring in the Polar Regions,

followed by a recovery during the summer.

Lately, significant reductions have been found in this layer, especially in Antarctica. It
seems to have been caused by a increasing in the concentration of chemicals,
standing up chlorofluorocarbons (CFCs) used as refrigerants and aerosol

propellants.
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KNMI/ ESA Assimilated total ozone
SCIAMACHY 22 Sep 2006
122uUTC
=7 N
Ozone hole 2007: smaller than usual -

Average ozone loss in the pericd 21 o 30 Sept

[ —

ENVISAT
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= Carbon Dioxide

It is the most important greenhouse gas that causes global warming. Despite the
importance of CO,, our current knowledge (mainly natural) of its sources and sinks is

still insufficient.

Oliver.Schneising / Michael.Buchwitz@iup.physik.uni-bremen.de /f WFMDv1.0

XCO2 [ppmv] CO2 column averaged mixing ratios
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SCIAMACHY ENVISAT satellite is the first instrument which can measure the global

distribution of CO, with high sensitivity over land where the sources and sinks of CO,

can be found. So far, it provides a global confirmation to based measures in some

places.

C T | __I_-\-_--_ _\_“-__-I-_-_-"\_-_ I
- SCIAMACHY/ENVISAT Northern Hemisphere - SCAMACTY
390 [ 1aunz Loa, Hawaii, USA (3397 m), NOAAESRL TARE
E Mace Head, Ireland (25 m), NOAA/ESRL g ol & 1
£ 2 ]
o 380 ]
o g2y
© i ! . 1
o i INY . o PR
X 370 j Iﬁz [pm] i
[= r 34 376 388
S z
360 E
- Michael.Buchwitz@iup.physik.uni-bremen.de A
NOAA data: ftp://ftp.cmdl.noaa gov/ccg/co2/flask/month/ ]

350 | | | | | | |

1994 1996 1998 2000 2002 2004 2006 2008 2010
Year
= Methane

It is the second most important greenhouse gas that affects global warming.

Despite the importance of this gas, our current knowledge of its sources is still
unsatisfactory. Recently large quantities of methane in rainforests have been found
thanks to SCIAMACHY. This founding points out to the possibility of the existence of
methane sources not yet known or to a significant underestimation of the known

sources.

Important sources of methane are rice paddies, ruminants (cattle and sheep),
wetlands and methane emissions from plants, which is possibly a major new source

of methane discovered by SCIAMACHY that could explain the high level of methane
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NO; is one of the main pollutants. It is brownish-yellow. It is formed in combustion
processes at high temperature (motor vehicles, power plants), being a toxic and

irritating gas prevalent in urban areas. It mainly affects the respiratory system.
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SCIAMACHY mean tropospheric NO,
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Tropospheric NO, above Eastern China
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NO, concentration
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= Ultraviolet Index

The UV index is an indicator of the intensity of the Sun’s ultraviolet radiation on the
Earth's surface. UV index also indicates the ability of the solar UV radiation to injure

our skin.

Erythemal UV index TEMIS
SCIAMACHY - KNMI/ESA =

-0 -20 10 0 10 20 30 40

Clear-sky
15 August 2008

Riesgo indice UV
Bajo <0-2
Moderado 35
Alto 6-7
Muy Alto 8-10
Extremadamente alto > 11
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= Water Vapor

Water vapor is a gas obtained by evaporation, boiling liquid water or ice sublimation.
It is odorless and colorless. It is responsible for humidity and at high concentration it

condenses and forms fog or, at higher concentrations, it produces clouds.

ENVISAT - MERIS

Total water wapor column, clear sky - Global ge - Monthly ge -D ber 2006
wvces
glem2
= Sensor MIPAS (ENVISAT): allows 3D studies
HNO3 CH4 N2O NOZnIght NO2day
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0O REMOTE SENSING SYSTEMS (RSS - NASA)

Remote Sensing Systems is a research center supported primarily by NASA that

focuses on the generation of products from microwave sensors.

Atmospheric Water Vapor (mm)

N
hl
Remote Sensing Systems (o (SSW/H TMI }-{ AMSR H WSAT H mMsu )
(Fome, AboutRSS ContactRSS. )~ (Storm Watch -{RSS Research}—{ Suppor }-{Sr oo )

=

i data

> Description > Browse Data > Download Data

Water Vapor Cycle: Evaporation = Precipitation
l F
> Description > Browse Data > Dox

ing and analyzing microwave data collected
sion of this webste is to provide research-quaity

http.//www.ssmi.com/
2013/05/16, UTC AM, WindSat

O GERMAN AEROSPACE AGENCY (DLR)

World Data Center for Remote Sensing of the Atmosphere
(WDC-RSAT)

Since 2003 the German Remote Sensing Center DLR operates the WDC-RSAT. By
using satellite data, this center offers scientists and the general public data free from

many parameters and atmospheric missions.
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The World Data Center
for Remote Sensing of the Atmosphere

Trace Gases

Aerosols
Clouds
Solar Radiation )
urface Parameters zone
po-En 02 Daily Vertical Column (near real time) foot prints GOME-2 Data access
'”“‘“-s 4 02 Assimilated Daily Vertical Column (forecast / near real time) maps GOME-2 Data access
Mi S Oz Daily 4DVAR Analysis at 55.4 hPa (SACADA-1T) GOME-2 / SCIAMACHY Data Access
About WDC
A ' T Oz Total Ozone Column (Nadir) SCIAMACHY Data Access
Cont Oa Ozone VMR (Limb) SCIAMACHY Data Access
NDMC 02 Daily Vertical Column (near-real time) GOME Data Access
NDMC
'WDC Home Oz GDP 4.0 Total Ozone Record (1995-2005) GOME Data Access
Oz GDP 4.0 Total Ozone Monthly Means and Statistics (1995-2005) GOME Data Access
Oz Level 2 Profiles (NNORSY) GOME Data Access
Oz Daily Vertical Column (near-real time) TOMS Data Access
02 Daily 3-D Stratospheric Distributions (Global Analysis) ROSE-CTM Data Access
O2 Vertical Profiles CRISTA-2 Data Access
Nitrogen Compounds
Local Weather NOz Daily Vertical Calumn (near real time) GOME-2 Data access
Dberpfaffenhofen trophNOz Tropaspheric Vertical Column GOME-2 Data Access

The World Data Center
for Remote Sensing of the Atmosphere

Missions & Sensors

ACE

AR

AM: This section of the WDC-RSAT website covers the sources (sensors and missions) of satellite

A data used for remote sensing of the atmosphere and which form the basis of many of the

A ) available products and services

:.: ::p AATSR Advanced Along-Track Scanning Radiometer This sensor is one of the Announcement of
LIPSO Opportunity (AQ) instruments on board the European Space Agency (ESA) satellite ENVISAT.

A It is the most recent in a series of instruments designed primarily to measure Sea Surface

B ,:‘E - Temperature (SST), following on from ATSR-1 and ATSR-2 on board ERS-1 and ERS-2

S ACE | Atmospheric Chemistry Experiment is a Canadian satellte mission on board the Canadian

HIRL satellite SCISAT-1 for remote sensing of the Earth's atmosphere. ACE was launched on August

[15] 13, 2003. The measurements consist of spectra and images that are used to investigate

MA chemical and dynamical processes in our atmosphere, with a particular emphasis on ozone

;:‘E depletion in the Arctic stratosphere

;:”pp. AIRS Atmospheric Infrared Sounder This atmospheric sensor is one of six instruments on board

WS the Aqua satellite, part of NASA's Earth Obsening System. Together these instruments

MODIS observe the global water and energy cycles, climate variation and trends, and the response of

MOPTT the climate system to increased greenhouse gases. AIRS measures the atmospheric

om temperature and humidity profiles.

v AMS R Advanced icrowave Scanning Radiometer AMSR was launched on board the Advanced

Earth Observing Satellite-Il (ADEQS-I) in June, 2002. AMSR measures geophysical variables

AMACHY related to the earth's water cycle, including: precipitation rate, cloud water, water vapor, sea

TE ol surface winds, sea surface . sea ice concentration, snow water equr and soil

- moisture

:,‘,_5 AMS U Advanced Microwave Sounding Unit A/ B The first AMSU was launched in May 1998 on

WINDII board the National Oceanic and Atmospheric Administration’s NOAA 15 satellite. This sensor

http://wdc.dlr.de/sensors/

canarias

TELECAN Tutorial
_ Remote Sensing Applications
TELECAN
(/

snooiaus  UniénEuropea - ) . UNIVERSIDAD DE LAS PALMAS
MAC 2007 - 2013 Fondo Eurapeo DE GRAN CANARIA

Cooparacién Transnselonsl e Desarrollo Regional

a




ic, Atmospheric and

4. Radiometr

ic Modeling

Geometr



Introduction

The technical complexity of the current remote sensing systems, the volume of the
available data and the different levels of processing involved in obtaining geophysical
parameters, require the establishment of a hierarchy of processes that allow to generate
useful operational products (high level) for specific end users and for the scientific
community. Typically, only a small ratio of the total available data is processed at the
highest level (user level), which generally increases the cost of data at the processing
level.

‘Each processing level within the hierarchy requires more auxiliary data and it is
more complex than the previous levels.'

The type and number of hierarchical processing levels obviously depends on the remote
sensing system considered. A proper structuring of hierarchies in the main remote
sensing systems (Landsat, SPOT, NOAA, NASA EOS, ERS-ESA) has enabled the
creation of databases of consistent and reliable images.

The rapidly changing capabilities of computers and high speed computer networks,
allow images to be acquired, processed at different levels and distributed to the
scientific community in near real time, according to their requirements and operational
applications.

As an example, in the next figure we show the flow chart of the hierarchical processing
levels applied to NOAA-AVHRR/SeaStar-SeaWiFS data that are generally used in the
main remote sensing systems.
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Digktal Level 0

Digital
fevel

levell

Radiomelric Radiometric
calibration calibrafion
Radiance Level 1 Radiance
Detection of Atmospheric
C’O;dﬁ correction
Atmospheric Bio-optic
correction corraction
Surface L 12 Geophysical
eve ORI SIC S,
temperature procucts
Geometric Cramnsite
correction

correction

|

User
level

-8

Fig.1. - Generic hierarchy of processing levels applied to NOAA-AVHRR data.

The first sections of this chapter analyze the sensor characteristics affecting the
radiometric quality of the images and the atmospheric modeling applied to the data
observed by the sensor. This is important to answer the question "What are we
observing?" Another relevant question is "Where are we observing?" The answer to this
guestion is determined by the images’ geometric features.
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The images taken by sensors located on-board of satellites contain geometric
distortions, in addition to the radiometric errors related to the instrument characteristics
and the presence of the atmosphere. Geometric distortions can be caused by many
factors. The relative motion between the satellite, the exploration sensor and the Earth
originate displacement errors of the pixels in the image obtained. The exploration
features of the sensor, the Earth’s curvature and variations, uncontrolled position and
orientation of the geometric platform generate geometric errors with a different origin
and complexity.

Next, the main sources of radiometric, atmospheric and geometric distortion and their
effects on the image will be analyzed, as well as the basic techniques for cloud
detection. Also the procedures used for their compensation will be reviewed and applied
to the correction of images from different sensors.

The objectives of this chapter are:

» Distinguish among the main sources of error produced in Earth observation
satellite images;

= Know the radiometric distortion factors caused by space platforms;

» Understand the atmospheric influence on the spectral radiance detected by the
remote sensing sensor;

= Study the main sources of geometric distortion and the procedures for restoration
of satellites images;

= Know cloud detection techniques.

CONTENTS
Radiometric, Atmospheric and Geometric Modeling

4.1. SOURCES OF ERRORS IN SPACE OBSERVATION
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4.1 SOURCES OF ERRORS IN SPACE OBSERVATION

O APPROACHES TO THE USE OF REMOTE SENSING DATA

= Centered Image: Spatial relationship between different features on the Earth
surface - Maps Creation: Photogrammetry

line map aerial photo photo registered to map composite
e m

= Centered Data: High precision in the spectra-temporal calibrations.

Integration and comparison of multi-temporal and multi-sensor data
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0 SOURCES OF ERROR IN A SPATIAL IMAGE

What are we observing?

Radiometric and atmospheric properties.

Where are we observing?

Geometric characteristics of the images.

The images taken by sensors located on satellites contain:

- Radiometric errors: instrument (sensor) and atmosphere presence.

- Geometric errors: Relative motion between the satellite, the exploration
sensor and the Earth, exploration of the sensor, Earth curvature, platform

variation.
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O SATELLITE IMAGE PROCESSING HIERARCHY

What are we observing?
Radiometric Modeling
Atmospheric Modeling

Where are we observing?
Geometric Modeling

Digital
level

1

Radiometric
calibration

RADIOMETRIC | Radiance
RESTORATION

Detection of
clouds

f

Afimospheric
corraction

Suwrface
fermperature

G EOM ETR I C Geonfetrfc
RESTORATION < correction
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O SATELLITE IMAGE PROCESSING HIERARCHY: PREPROCESSED
IMAGES TASKS.

= Radiometric Calibration: Convert digital levels to radiance values or
brightness temperature values.

= Atmospheric correction: Take into account the contribution of atmospheric
radiation reaching the sensor (NDVI or SST recovery).

= Geometric correction: Correct distortions in the images received related to
curvature and rotation of the Earth, sensor exploration and variations of the
platform.

= Detection of clouds: Mask correctly cloudy pixels to ensure that the
geophysical parameters obtained are representative of the Earth surface.

O SATELLITE IMAGE PROCESSING HIERARCHY: OBTAINING SST

¢

Level0
& il o # Band {nm) # Band (mm)
. 053 063 1 620-670 19 915-965
2 841.876 20 3.660 - 3.840
2 0.725-10
3 459479 21 3.929-3.989
34 1.58-1.64
4 545-565 22 3.929-3.989
3B 3.55- 3.93
Level1 s | 1230250 | 23 4,020 -4.080
4 103- 113
6 | 1628-1652 | 24 4.433-4.493
° S 7 | 21052155 | 25 4.482-4.549
8 405-420 26 1360- 1390
9 435448 27 6.535-6.895
10| 483493 28 7175 -7.475
cloud 2 1 526-536 28 £.400 -8.700
Level2 mask TSM
rask 12 546-556 30 9.580 -9.880
13 | 662672 31 10.780 - 11.280
14 | 673683 32 | 117701227
15 | 743753 33 | 13.185-13.485
16 | 862877 34 | 13485-13.785
17 | 890-920 35 | 13.785-14.085
User level
(TSM) 18 | 931941 36 | 14.085-14.385
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O SATELLITE IMAGE PROCESSING HIERARCHY: OBTAIN SST

Corrected
TSM

Cloud
mask

(TSM)
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4.2 RADIOMETRIC MODELING

» Convert DN to radiance values: it is necessary to obtain geophysical parameters
or to compare images from different sensors.

= |f the sensor were completely stable, pre-launch calibration would be enough.

= Variations in thermal conditions and degradation of the instrument -response
and sensitivity of detectors in the sensor over time- require incorporation of a
dynamic calibration system in flight.

100

95

85

80

Reflectance factor (Percent)

- NOAA-11

Example: WV2 Radiometric Modeling

L,?L Pixel,Banda —

KBanda " Qpivel,Banda

MB arda

Banda espectral Ancho de banda efectivo [pm] | Factor de calibracion
3.788831e-02

Pancromatica 0.2846
Costera 0.0473 9.295654e-03
[ Azul 0.0543 1.260825¢-02
Verde 0.0630 9.713071e-03
Amarillo 0.0374 5.101088e-03
[ Rojo 0.0574 1.103623e-02
Rojo extremo 0.0393 4.539619e-03
Infrarrojo cercano 1 0.0989 1.224380e-02
[ Infrarrojo cercano 2 0.0996 9.042234e-03
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Example: AVHRR Radiometric Modeling: Linear Model

L = gain- DN + offset

Sensor system

.Zi ‘
Sensor model: linear

/ ND, = K, - L, +offset,

Digital level
g Radiance /
in sensor
i
Station
de controle

W au sol

Digital

level :

) |

Q ‘\ / Reflected
‘ radiation

Radiometric correction
L, =cal _ganancia,*ND, +

cal offset,
-~ affset, Emitted

radiation

Radiance
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4.3 ATMOSPHERIC MODELING

» Disadvantage Remote Sensing: sensor receives data from the Earth's surface
through the atmosphere.

» Absorption and scattering are atmospheric effects, but it is nearly transparent to
electromagnetic radiation at many wavelengths.

Atmospheric windows

Moo e

I wViible #Reflected IR Thermal jemitted) IR

8

H,O COy Oy

1
7]
Hy O :E_ .E
o4
Lol
26
£5
‘ S
- e
o o
(0.2 pm 0.5 1.0 5 10 20 100 pm
. Wawvelength [not o scale) Imaging radar
Human wision Ka-Band
—r Thermal IR scannars W-Band
Fhotographic camernds * C-Aand
L-Band
Eleciro-optical sensars F-Barnid
- i ———— -
Fassive microwoyve
-
Atmospheric transmittance: Opacity of the Atmosphere
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O ATMOSPHERIC CORRECTION: EFFECTS ON THE CALCULATION OF
THE REFLECTIVITY

= Radiance received by the satellite :
Lsen,l = Lsu,A "Tho T La,A
» Transmissivity in the upward direction

OZ,]\ - Ta;A - TT:,‘\ )
cos @,

—T
T, = exp(

= Actual reflectivity of land cover

_ (Lsen,,l_l‘a,,l) ' dE‘S '
Ta,0(EpacosO; 13, + Eqg,)

Pa

La, A Lsen, A

= In order to calculate the surface reflectivity (to estimate the atmosphere
trasnmisivity, the diffuse irradiation and radiance due to atmospheric
dispersion) 2> ATMOSPHERIC CORRECTION
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O ATMOSPHERIC CORRECTION: METHODOLOGIES

= Laborious and complex procedures that require multiple inputs on the conditions
of the atmosphere when the sensor capture the image.

= Atmospheric model based on in-situ data and data from other sensors
(multilook method).

*» Physical model based on the Radiative Transfer Equation.

Usual: MODTRAN4, 6S, FLAASH (SW ENVI)
and ATCOR (SW ERDAS)

» Atmospheric model based on data from the image itself.

Usual: DOS and COST

TELECAN Tutorial
» Radiometric, Atmospheric and geometric Modeling
TELECAN
V' &

- —
AT Unién Eurcpea i : UNIVERSIDAD DE LAS PALMAS

o Fondo Europea
MAC 2007 - 2013 e Desarrollo Regional DE GRAN CANARIA




O ATMOSPHERIC CORRECTION: MULTI-BAND METHOD TO RECOVER
THE TSM.

= A simple linear combination of radiances at two wavelengths provides a good
estimate of the radiation emitted by the surface.

Ts = aoTn +a (Tn o T13 ) +a, (Linear split-window equation)
T.. Sea Surface Temperature sl ]

T:r. Brightness temperature channel4 & |
T.-. Brightness temperature channel 5
a; Coefficients 2

= Coefficients:

o Theoretical, using a radiative transfer model.
o Regression between in situ temperature data and brightness temperature.

The great variability of the angle of observation -satellite zenith angle-
causes a change in the optical path of the atmosphere:

T.=a, T, ,+a-(T,-T,)+a, (secld-1)+a,
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MODIS-AQUA AVHRR-NOAA 16

O ATMOSPHERIC CORRECTION: VEGETATION INDIXES

= Based on the relationship between NIR and R bands.

= Normalized Difference Vegetation Index (NDVI) is widely used. Its values run
between -1 to 1.

= NDVI is a poor indicator of arid or semi-arid regions.

ADIT = PNR ™ Pred
PNIR Tt Pred

20-27 agosto 2008
SeaWiFS
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0 ATMOSPHERIC CORRECTION: SECOND SIMULATION OF A
SATELLITE SIGNAL IN THE SOLAR SPECTRUM (6S) TO RECOVER
REFLECTIVITY IN WORLDVIEW 2 (AND MODIS) IMAGES

The model is divided into five main parts:

e Geometric conditions.

e Atmospheric Modeling.

¢ Definition of the heights of the study area and satellite.
e Spectral conditions.

¢ Defining the type of soil.

Fixed configuration:

= Atmospheric model.
= Heights of terrain and satellite. Satellite bands.
= Defining of the type of surface.

Settings for each image:
= Geometrical model -angles of the Sun and the satellite.
= Optical depth of the atmosphere -NASA database.

Radiometer Measurements

08 -
' 1 (roundabout)
[ — 2(ground1)

06 7 2b (ground 2)
3 (water wharf)
— 4 white
(esplanade)
. 4 brown
— (esplanade)
' 5 (water beach)

w
=
o
c
@
T
2
5
o
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400 500 600 700 800 900

—- 1 (roundabout) - 2(ground 1)

=#= 2b ( ground 2) == 3 ( waterwharf)
=== 4 white (esplanade) == 4 brown (esplanade)
-5 (water beach) = B (parking 1)

Atmospherically corrected WV2 Granadilla Imagery
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4.4 GEOMETRIC MODELING

» Digital images from space sensors contain geometric errors.
» Sources of geometric distortion:

e Earth Rotation.

e Panoramic distortion.

e Curvature of exploration.
e Earth curvature.

e Platform variations.

It is essential to have the exact location of any pixel, in order to compare images -
multitemporal or multisensor analysis- or to validate satellite data with in-situ
measurements> GEOMETRIC CORRECTION
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0O GEOMETRIC CORRECTION: EARTH ROTATION.

Scanning sensors require a finite time to acquire a scene from the Earth
surface: The last lines are erroneously displaced East in terms of what they
represent on Earth -rotates from West to East.

blowimiento de la Tiers—-

Dirgccion
diel gatdlite -

< Ejemplo: Imégenes procedentes de los satélites Landsat, tomadas en Sidney.

* Velocidad angular del satélite es w,=1.014 mrad/seg y la longitud de la imagen L =185 Km.,

El tiempo de exploracién de los 185 Km es:
ts=L/(Re: wp) = 28.6 seg (Re=6378 Km)
* Velocidad de la superficie de la tierra:
Ve=Re: w; -cos (lat) (We =72.72 urad/seq)

En Sydney, lat=33.89, tal que: Ve= 3854 m/seg.
* Durante el tiempo de adquisicién la tierra se mueve al E:

AXe=Ve ts=11.02 Km en 33.8° de Latitud

(La imagen tendra un 6% de distorsion al E).
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O GEOMETRIC CORRECTION: DISTORTION OVERVIEW.

It is constant as the instantaneous field of view (IFOV) from sensors on
satellites: Effective size of the pixel on the Earth (GIFOV) is greater at the
extremities of the field of view at nadir.

P, =p h'sec’ o = prsec’ o
Consequences:
= Compression of the scene, which increases towards the edges of the
scanned area.

= Effective spacing of the pixels on Earth increases with the exploration
angle -error in the position of the pixels in the transverse direction.
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O GEOMETRIC CORRECTION: EARTH AND EXPLORATION
CURVATURE.

i.  Satellites with high field of view (FOV): the effect of the curvature of the
Earth is important for high scan angles.

TELECAN
o 2=

B[hs+Rt1-cosW) ]secd

.
.

[
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[
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Rt
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ii. The sensor’s rotating mirror requires a finite time to explore a full
line: During this time the satellite continues to move —>Curvature of the
scan line on Earth.

Satellite
movement
——
Exploration =2 + 400,
AVHRR
.W — - !
pivel 2048
pivel 1024

Exploration curve
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O GEOMETRIC CORRECTION: PLATFORM VARIATIONS.

An invariable orientation of the platform is essential in relation with the
geometrical accuracy: A small change in the pointing angle causes a large
variation in the points observed on Earth.

Balanceo

Cabeceo
Guifiada %&% /

Balanceo

™

Cabeceo AN

L

Guifiada

For a constant IFOV, variations in the height and/or speed of the platform
results in scale changes in longitudinal and transverse directions to the sensor
scanning.

Increasein Speed
height variation
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O GEOMETRIC CORRECTION: EXAMPLE OF NOAA-AVHRR
GEOMETRIC DISTORTIONS.
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O GEOMETRIC CORRECTION: METHODOLOGIES

= Orbital models: They are orbital parameters used to model the nature and
extent of distortion sources on the basis of the geometry of the satellite orbit
and the angle of view of the sensor.

= Ground control points (GCP) use mapping functions -general polynomial-
obtained between GCP in both images.
GCP are locations on the Earth's surface that can be identified in the

input image and whose position is known in the image or map
(reference).

= Orbital Model + GCP use a small number of control points to relocate the
pixels that have been previously corrected by a geometric orbital model.

0O GEOMETRIC CORRECTION: ORBITAL MODEL

= Modeling the nature and magnitude of systematic geometric distortions:

v' Geometry of the satellite orbit.
v/ Scanning geometry of the sensor.
v' Geometry of the Earth.

= Good method for low-resolution sensors used in marine applications (hard to
get GCP).

= Commonly used to correct systematic errors: Products that many users get
from EOSAT, USGS or ESA.
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nodo ascendente

Ae

traza del nadir

AN ~ érbita del satélite

\ f

Subescenas corregidas geomeétricamente

St AT
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Problems

Lack of precision of the magnitudes involved in the satellite's position in space
(accuracy of the orbital elements, altitude or orientation angles, displacements on
the internal clock of the satellite).

Direccion Tipo /
N°© Fuente de error X=dir. de exploracion Ol'? eln Comentario
Y=dir. de vuelo 2¢
. . . Parametros
1 | Elementos orbitales XY BF/ Orb IS0
nominales
Orbita circular y tierra - - Aproximacion
2 [ ° XY BF/ Orb pre ‘
esférica orbital
Reloj del satélite v
3 | Ewrores de tiempo Y BF/H valor nominal de
tiempo nodal
Parametros de orientacion L
. ) Desviacion de los
4 |- Balanceo X AF/H angulos de
- Cabeceo Y AF/H ou’héntabcim.l
- Guiiiada Y AF/H o
- N . Perturbaciones
5 | Altura XY AF/Orb . ones
gravitatorias
. s Redondeo (£ 1/2
6 | Remuestreo XY BF/G caondes (
pixel de error)
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0O GEOMETRIC CORRECTION: GROUND CONTROL POINTS (GCPS)

* |t models directly corrections in the domain of the image, without explicit
identification of the sources of distortion.

= Knowing the correspondence between a number of points (GCPs), the
transformation function (typically related) to map the image 'slave' to the
image or reference map (correspondence between the two images) can be

determined.
B
Slave Image Reference Image
Y Y

GCPs selection |4 » GCPs selection

Calculation of the

»  Transformation

functions <
A 4
Resampling
and interpolation

h 4

Slave image
cotrected
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Problems

Identify a high and spatially well distributed set of GCPs.

Time consuming operator (area-based or feature-based methods).
In many cases it is impossible due to occlusion by clouds.
Uncertainty in the exact location of a region.
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Example of geometric correction based on control points: Low
resolution multisensorial images (MODIS sensor):

(a)Linear polynomial model.
(b)Quadratic polynomial model.

(a)
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O GEOMETRIC CORRECTION: ORBITAL MODEL + REDUCED SET
(GCPs).

Distorted
satelfife
image

y

A

Systematically
corrected image

v
-

High precision

corrected image

TELECAN

Nominal orbital

parameters and auxiliary

data

T —

GCPs small set

I —-
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4.5 CLoOUD DETECTION

» Objective: Mask properly all the cloudy pixels.

> Clouds are of interest for:
o Studies on climate.
o Forecast.

» Clouds are masking the signal of interest:
o Ocean color, SST, etc.
o Properties of the Earth's surface, etc.

TSM MODIS-AQUA
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O CLOUD DETECTION: ALGORITHMS

v" Multiband threshold methods
= Exploiting the spectral characteristics.

= Brightness, temperature.
» Problems: thresholds variables (area, day/night sensor bands,

railway, etc.)

(Saunders and Kriebel 1988, CLAVR 1991)

v' Extraction of features and classification
= Spectral characteristics (clustering).
= Spatial characteristics (textures, DWT).
= Atrtificial neural networks.
= Problems: calculation times.

v' Multitemporal analysis
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Bandas AVHRR
R1,R2, Ts7, Tu, Tz

]

—=,

Test de nubes densas
Ti2< 270K

st
1 no
no Test de coherencia espacial si
desv(Ty) » 15K
)S_

Test de sunglint
T7-Tu>25K
no

si Test NIR/VIS b
R2R1>075
Js_

Test de umbral visible i
R2yce ~ umbral

l no
Test curos delgados 1
Tu-Tiz> Towr(Tu sec6)
1 no

Pixel Pixel
Diurno despejado nuboso

AATSR 'Cloud Screening' Algorithm

P ] Test Land/Sea Day/Night
"‘, gross cloud test Sea only Day/Night
thin cirrus test Land/Sea Day/Night
mediunvhigh level cloud test Land/Sea Night
fog/low stratus test Land/Sea Night
11 micron spatial coherence test Land/Sea Day/Night
1.6 micron histogram test Sea only Day
11/12 micron nadir/forward test Sea only Day/Night
11/3.7 micron nadir/forward (est Sea only Night
infra-red histogram test Sea only Day/Night

; o~

*ENVISAT A4ATSR SST (August, 29th 2004 —22:37 hr)
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MOD IS Cloud Mask

[ Confident Clear
[ Probably Clear
B Uncertain

[ Cloudy

Terra MODIS data from April 6, 2003.
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O SATELLITE IMAGE PROCESSING HIERARCHY

Example 1: AVHRR

Complete Procedure: Pre-processing of Earth Observation Satellite Images.
» Radiometric Calibration
= Atmospheric Correction
= Geometric Correction
* Cloud Detection

LevelO
Radiometric
calibration
Level1 Radiances
In sensor
Detection of Atmospheric
clouds correction
Cloud
TSM
Level 2 g |
Geometric
correction
User level
(TSM)
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Example 2: WorldView 2

Complete Procedure: Pre-processing of Earth Observation Satellite Images.

= Radiometric Calibration
»= Atmospheric Correction
=  Solar Reflection Correction

Radiometric
calibration

Atmospheric
correction

Angular correction
(BRDF)

Sun reflection
correction

SYAYAYA
ANV A/

Corrected
bands
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5. Remote Sensing Image Processing



Introduction

Digital image processing is the set of techniques applied to digital images in order to
enhance visual quality or facilitate the search or extraction of information.

The interest of digital image processing methods lies in two main areas of application: i)
the reconstruction or improvement of information that provides an image to be
interpreted by a human being, and ii) information processing of a scene to allow
automatic analysis by a machine.

These techniques have experienced a significant growth, being used currently, for a
variety of problems in various fields such as medicine, geography, archeology, physics,
astronomy, biology and, of course, remote sensing.

Throughout this chapter, most image processing techniques will be described. Thus, the
contrast enhancement or color representation of the different spectral bands will be
highlighted to facilitate visual interpretation. Other processing techniques described for
image improvement are: generating spectral indexes applied mainly to the detection of
vegetation, convolution filtering techniques, and techniques in the Fourier domain or
fusion pixel level. These techniques are very useful to improve the spatial detail of
multispectral high-resolution satellite images. Regarding the analysis of images,
techniques oriented to automatic detection of structures in images will be described, as
is the case of the Hough transform, mathematical morphology and other segmentation
algorithms. Also the classification process to generate thematic maps will be discussed
in detail and, finally, various techniques of motion estimation in image sequences will be
presented.

In addition to the explanation of image processing techniques, representative examples
are also included to assess the effects they produce in the image and thus facilitate the
understanding and use of them.
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Cooperacidn Transnscionsl

The objectives of this chapter are:
= Know the characteristics of a digital image and its main parameters.
= Describe various techniques for improving image quality for furthers analysis.

» Present the main techniques for image analysis, detailing the detection structures
techniques, the thematic classification and the motion estimation.

CONTENTS
Remote Sensing Image Processing

5.1. INTRODUCTION TO IMAGE PROCESSING
5.2. THE DIGITAL IMAGE

5.3. IMAGE ENHANCEMENTS

5.4. |IMAGE ANALYSIS
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5.1. INTRODUCTION TO IMAGE PROCESSING

Digital image processing includes the set of techniques for processing and analysing

images by using computers.

Image Processing System

Image (output)
Improvement & Representation
Restoration

Coding
Image

) Processor —
(input)

Parameters (output)
Analysis
Modeling

5.2. THE DIGITAL IMAGE

O A/D CONVERSION: DISCRETE IMAGES

Sampling: Sampling is responsible for integrating in points the information which is
in a given area. These points are the smallest elements that divide an image, called

pixels.
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128x128

a2

16x16

Original | m

Quantification: Once sampled the image, the value of each pixel must be digitally

encoded. This process of assigning a number of levels or bits to each pixel is called
"quantization" of the image.

16

Original
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The digital image is formed by one or more matrices (e.g., sensor bands) of numbers

(DN: digital levels). That is why they are generally multidimensional functions.

Band k

Band 1

Matrix NxM

= Types of digital images
Values represented by a digital image
— Intensity: scalar (one band)
— Color: vector R, G, B (3 bands)
— Material properties: (1 or more bands)
+ X-ray images: absorption
« Ultrasound images: density

* Infrared images: temperature

* Remote sensing images: reflectivity
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5.3. IMAGE ENHANCEMENTS

O CONTRAST ENHANCEMENT

The sensor must be able to detect a high dynamic range of values, but one scene in

particular has a very low contrast to encompass only limited radiance values.

The aim is to improve the visual quality of the image. This will make various

transformations (min-max, saturation, equalization, etc.) to the image histogram.

original g4

1\
L
T
1

1
stretched Il [

This involves applying a transformation that maps the original digital levels (ND) in gray
levels (NG):
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4

/
0 1

Oscuro Claro

There are several possibilities of processing levels.

Mapeado de
Contraste /

|‘— /

Mapeado
Negativo

Mapeado de
Binarizacion

These changes are made for each pixel in the image as a separate element and

independent of its position in the image using the histogram of the image.
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« The histogram is the statistical distribution of the pixels of an image in terms of
number of pixels for each (DN) possible value.

* It does not contain information on the spatial distribution of the pixels in the

image.
‘ count(NLD)
hist ., =
ND T )
NxM
Histograma de Histograma de

- toda la imager = los pixeles del

" w pavimento
h L
i i
i i

As an example, next we present some possible transformations.

* Linear expansion

Min-Max_ Stretch expands the dynamic range of the values to fill the full range of

reproduction. GN: greyscale and DN: digital levels.

Ty
r J
i ] original gy 153 . 255 o .
auas | ] N | 5 =xp ap, P NPm)
5 b T R 5 max min
] 2 N T T N
E g L T
/o | | [N N}
= 4 stretched £ 4f 0 v
U TR B R e ] 1 | \ \ \
0 2%5
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DN
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Use the minimum and maximum signal value - Sensitive to extreme values

(outliers). Solution: Saturation stretch.

Same value for all the range - Sensitive to lower symmetric histograms. Solution:

Non-linear stretch or histogram equalization.

« Normalization expansion

- Robust algorithm (adapted from saturation stretch).

- It is a linear expansion of a signal with a given mean and variance to cut the
ends of the dynamic range.

- It lets us to control the average value of the output image and to vary the

contrast by adjusting the variance.

GlL =255 GE= 955

cL=2 WD py+
e e GL=0, GL-0

original u=128 0=064

The mean is constant and the contrast varies by changing the variance.
+ Thresholding
- It is a transformation that classifies the image into two categories (binarized)

based on a threshold on the original values of the image.

- It requires a greater number of thresholds for a greater number of classes.
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GL =255, ND=NDj

threshold

s
299 LA | T

—

GL 128

64
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P R I 0oy O E T |
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128 192

DN
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o
G
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0O COLOR REPRESENTATION

The human eye is more sensitive to colors than gray levels, so it is important the color

representation of images for visual analysis.

This representation can be done in two ways:

- False color representation (Pseudo): when a color table is applied to a grayscale
band (LUT: Look-up table) or when red, green or blue colors are assigned to

several bands that do not correspond to the true color.

- True color representation: when the image is taken by a sensor that captures

these 3 bands of color: red, green and blue.
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LUT: Look Up Table

Acolour (R,G,B) is
assignedto each grey level

[
NN ISEEEEEN
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Other examples of LUT

= Pseudocolor multiband

Channels with values in the non-visible spectrum are shifted to the visible spectrum.
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Composicion:
Rojo: banda 4
Verde: banda 3
Azul: banda 1

= True Color

Image Data

~NO O RN W

Composicion:
Rojo: banda 3
Verde: banda 2
Azul: banda 1

O SPECTRAL INDEXES

They are combinations of bands for obtaining a parameter of interest for

classification purposes (vegetation, water, minerals, etc.)

They are based on the behavior of the reflectivity parameter to maximize its

discrimination.
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= Vegetation indexes

They are mainly based on relations between NIR and R bands.

Normalized Difference Vegetation Index (NDVI) is widely used. It generates values

between -1 and +1. NDVI is an inaccurate indicator in arid regions.

Reflectivity (%)
60 F
Healthy
vegetation
40
Sick
vegetation
20 Ground
0
1 um
(050-008) o 04-030 .,
(0.50 + 0.08) (04+0.30)

20-27 august 2008
SeaWiFS

10-17 feb 2009
SeaWiFS
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O CONVOLUTION FILTERING

Technique to modify the spatial information of the image using the digital values of

the neighborhood (local filtering).

+ A window that moves along rows and columns is used.

* An operation with the input image’s pixels that fall within the window is carried

out and the result is the new pixel of the image in the center position of the

window.

type output examples applications
Low-Pass Filter (LPF)
linear weighted sum High-Pass Filter (HPF) enhancement, sensor simulation,
¢ e h High-Boost Filter (HBF) noise removal
Band-Pass Fliter (BPF)
minimum, maximum
ratistical iven statistic median noise removal, feature extraction,
Statste given statistic standard deviation SNR measurement
mode
gradient vector gradient Sobel, Roberts edge detection

Imagen de entrada

WVentana de convelucién

it 5N )
L] L] L|h|k
AN o BT BT

L |h|k

X Mz | Ma | Ms

Mascara de convelucién

Mo | My | M

Ms | My | Ms

Imagen de salida

HNuewvo pixzel

Example with original image and the lowpass and high pass filtered.
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= Mask convolution (impulse response)

Averaging filters: reduce noise by means of spatial averaging

Averaging mask  Gaussian mask

wilviy 01 .08 .01

08 .52 ].08
AN

01108101 SR
L 1 1 : ll; 4‘0“‘\\

H t‘

XK, 'MI’]
mt
110'

Gaussian
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Gradient filters: contour detector (approximation of the derivative)

J(x ) flm.n]

V= Pz . _( &lm.n]) directional
‘. % " g, [mn]) detection

V7= \/( %)‘ +( 7%, )z V= \/gf[m, nl+ g’ [m.n]

direction of max change O, = arctg(g,[m,n]/ g[m.n))

= Edge Detector

Prewitt: Higher gain, sensitive to noise
“1|-1|-1 -1] o] 1
ol ol o -1] 01
111 -1 o1

Roberts: Simple, asymmetric

T { N\ e/t

=

Laplacian: Second derivative aproximation

Of-1] 0
1| 4|-1
Of=1] 0

0 0 0 =2 0

X —lwl—
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SSTAVHRR Roberts

Sobel Laplacian

O FOURIER TRANSFORM

The Fourier transform applied on images provides information about the structures

present in the image and can be used to filter out unwanted frequencies.

The Fourier transform of an image is composed of two types of information: the

amplitude and the phase.
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Non centered
representation

(0,2m)X(0,2m)

08

06
Phase DFT

04

02

Centered
representation

(=m,m)X(—m, )

Examples

Senal Maodulo DFT

TELECAN Tutorial

PR -
- - } Remote Sensing Image Processing
& i .
sroorana  UniénE X . ”
MAC 2007 - 2013 Fu:ﬂn ?I.Im‘::;’pea ‘ ggggii%ﬁ?&;k’\s PALMAS

Caoperacian Transnscionsl  de Desarrollo Regional




nnnnnnnn

Cooperacidn Transnscionsl

The power spectrum (square of spectrum modulus) is used in the global spatial pattern

recognition in the image.

desert streets railroad

O IMAGE FUSION

It aims at improving the spatial quality of the multispectral image (MS) using the detail
that provides the high-resolution panchromatic band (PAN), while preserving the

spectral information.
Objective:

+ Get images with high spatial and spectral resolution, from the PAN image (high

spatial resolution, low spectral resolution) and multispectral bands (high spectral

resolution, low spatial resolution).
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* Improve the visual quality to facilitate quality photo interpretation and GIS.
* Improve the detection and extraction of objects and features.
* Improve the thematic classification.

* Improve the detection of changes in the multi-temporal images.

= General framework PAN-MS Fusion

IIIII I REMUESTREO

- .

||| [

Banda 4

Banda 2

NN .-

Imagen MULTI Imagen MULTI remuestreada Imagen PAN
Resolucién espacial: R Resolucién espacial: R Resolucién espacial: 2R
Tamafho de pixel: P Tamano de pixel: P/2 Tamaho de pixel: P/2

L» ALGORITMO de FUSION ‘_]

Imagen FUSIONADA
Resclucién espacial: 2R
Tamano de pixel: P/2

canarias
OBJETIVO R

TELECAN Tutorial
Remote Sensing Image Processing

|
AR Ly Snidn Eutopen : UNIVERSIDAD DE LAS PALMAS F
. ondo Eun
sk L R e A DE GRAN CANARIA PC

0




Imagen PAN

Extraccién detalle
espacial de PAN,
TWD

o
]
2
=

a2

S

!
=

Banda 4
Banda 8
Banda 2
M oo

Imagen MULTI remuestreada

ncorporacién detal

A
e e

SRR
e

R R o e e
Imagen detalle PAN

= Wavelet Transform

espacial en MULTI, . Banca 4 fusionada.
TW D’.I Banda 3 fusionada

Banda 1 fusionada

Imagen MULTI fusionada

It provides a decomposition of the image into its components at different scales by

using filters. In this way, each image is decomposed into its approximation and detail

images.

Example with
Bi-orthogonal filters

srosraua  Unién Europea
MAC 2007 - 2013  Fondo Europeo
Coaparatiom Transnscionsd  dlg Desatrollo Regional

«-—-—-—-—->

N/2

«--——---->

-

DI

TELECAN Tutorial
Remote Sensing Image Processing

/d '
UNIVERSIDAD DE LAS PALMAS !
DE GRAN CANARIA PC




a
>

=
32
S
iS=
3;.’&!‘.

For its representation, the four outputs are joined into a single image.

It can be done at different levels returning to decompose the image approach
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Imagen PAN

Composicion RGB de la Fusionada

multiespectral
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5.4. IMAGE ANALYSIS

canarias
CBJETIVO ca PR

O FEATURE DETECTION

= Segmentation

Segmentation is a first step in most image processing problems. It can be defined as
finding a partition of the space (Image 1) in n disjoint regions to get to satisfy a
homogeneity criterion P (.):

U P(Ri) = True

U R =1 I

i=1 P(RiJ Rj) = False

The homogeneity criterion can be as simple (or complicated) as desired. Normally,

criteria to approach to the semantics of the scene are defined.

This example of coastal upwelling shows the difficulty of segmentation, because
objects have no sharp borders and each user may only be interested in a given area
and, therefore, each segmentation would be different. As an example, some
segmentations obtained by different algorithms are shown in the following image.
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There are two basic segmentation algorithms families:

- Discontinuities detector— Detect abrupt changes in the signal.

- Homogeneities Detectors — Detect areas with similar characteristics.

The use of additional information such as movement or depth improves the results.

e Discontinuities detectors

- Edge detectors filters are commonly used to detect discontinuities from gradient
or Laplacian operators. Then edges are joint together to clearly delimit the

objects.

- Itis a complex and not always reliable process that may be affected by noise to a

great extent.
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e Homogeneities detectors

Techniques based on the homogeneity of the pixels. The most common are:

- Thresholding: Detection using techniques based on manually or automatically

thresholding. A global threshold for the image or local thresholds may be used.

b
LI
Otsu,Jawahar,Li, Rosenfeld,
- Hertz, Huang, Trian.,Riddler .
Original Abutaleb, Pikaz, Kapur, Sahoo, Pun, GM-EM Beghdadi Shanbag Yasuda

Yanowitz Yen

Sezan, Olivio,
Bernsen Niblack Tsai, Yanni Ramesh, Kittler Sezgin Lloyd, Kamel, Brink, O'Gorman,
Palumbo, Pal

Sauvola, White

- Region growing
It analyzes the Region Adjacency Graph (RAG). It merges similar regions and
updates RAG with the new values. This process is iterated until a certain final

criterion.

- Split & merge
Split step: It divides the image into disjoint regions by analyzing the similarity

criterion. This step is carried out by following a quadtree structure (QuadTree).

Merge step: It merges tree leaves considering the similarity criterion. This step

does not follow any predetermined structure.
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e Watershed

The watershed algorithm is a segmentation technique based on morphological tools

that combines the concepts of region growing and edge detection:

e |t groups up pixels around the minimum of the image.
e The boundaries of the regions are located at points (peaks) of maximum
gradient of the image.

The process can be understood as the result of flooding a topographic relief:

e |tis interpreted as a relief image.
e The water is introduced by the minimum of the relief.

¢ When two are waterfronts meet together, a dam (contour) is built up.

catchment basins

watersheds

minima
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Advantage: The boundaries of the regions are correctly located.

Disadvantage: It produces an over-segmentation of the image.

Example: segmentation of vegetation with various levels of detail

Hierarchy of Partitions of
Vegetation Areas

-a SEGMENTATION

|—> SEGMENTATION

| > SEGMENTATION MULTISPECTRAL BAND
SEGMENTATIONS

SEGMENTATION
>

—>  SEGMENTATION

Including high spatial resolution
bands

Combine different resolution bands and different
channels information at segmentation level
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e Hough transform

This transform can be used to locate objects whose shape is known. The simplest

example is the application of the Hough transform for locating lines or circular shaped

figures.

Dominio
espacial

Dominio
de Hough

Imagen original

20 40 60 80100
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Morphologic op. Segmented

e Mathematical Morphology

Powerful signal processing tools for filtering the scene specific elements preserving

others.

Mathematical morphology was originally developed for binary images and further
extended to functions and grayscale images. These nonlinear tools are based on

management criteria and are not easily applicable to vector images.

e Example of morphological filters on binary images:
- Erosion
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- Dilation
- Opening

- Closure
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O THEMATIC CLASSIFICATION

It is the step for image analysis that aims at the generation of thematic maps from the

input information for the end user.

In other words, it tries to transform numerical data into descriptive categories of images

to identify the various elements of the image

The categories or classes selected for the thematic map should be able to be

discriminated from the numerical data of the image.

Spectralbands Thematicchart

There are various types of classifiers based on the information used:
» Spectral classifier

It is based on the fact that the different classes of the image have different

combinations of digital values in each band due to its reflectance or emittance.
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* Space classifier

It is based on analyzing the relationship between neighboring pixels, considering

aspects such as texture, proximity, size, shape, repetition, etc.
« Temporal classifier

It uses images on different dates to favor the classification process (e.g., crops or
certain types of vegetation have different spectral properties depending on the
season which facilitates identification).

* Object-oriented classifier

It is a spatial and spectral hybrid classifier which typically includes pipeline
stages prior to guide the classification so that each object is assigned entirely to

a possible class.

Next, the spectral classifier and, more specifically, each typical classification step are

described in greater detail.
» Feature Extraction step (optional)

It is based on applying a spatial or spectral transformation to get the most interesting

features for classification.

In this stage:
« The information of the image or original bands can be extracted.

« Unwanted variability in the spectral signatures (spectral indexes. Example: NDVI
in the figure) can be deleted.
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« Spectral separation of classes can be improved.

« The number of bands (Principal Component Analysis) can be reduced.

= Training step

Select pixels representative of the desired classes to train the classifier. It can be

done in a supervised or unsupervised way.

e Separability

Before jumping to the training phase, it is recommended to analyze the separation of
classes to assess a priori whether the classification is possible or if there will be

some classes that will not be discriminated.

e It is insufficient to only use the distance between the means. It also requires the

standard deviation or variance.

e Separability measures between classes:
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There are several measures of separability from Euclidean and angular

distances. Some do not take into account the variance, that is to say, the spectral

overlap between the classes, and they become less reliable (in the table there

are examples of metric separability).

K
city block Ly = |w,~my = 2 |m = myy
k=1
172 K k&
Euclidean L,= ""‘a_""b" = [(“a—pb)r(p,a—pb)] = LE (m g —mpi) ]
=1
i
angular ANG = acos(lu ﬁu; “)
a h
normalized NL, = i lmak'mbkl
cnlyblock k-|(~/6;+~/(‘7k)/2
. C,+Cp-! 172
Mahalanobis MH = [("’a'“b)r( 02 b) (l‘a""'b)]
divergence | D = 1{(C,~ C)(C) -G+ €3~ )y = )]
transformed { -D/8
divergence D =2f1-¢"]
5= Lya L _ GG
= - + -
Jeffries- 5.1V
Matusita JM = [2(1 —e )]

The Jeffries-Matusita distance is widely used. It is bounded to 2 for large class

separations.
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Vegetation [Green] 405 points
Urban [Red) 3491 points
sand [Yellow] 393 points

Sea: 15,321.600 Meters?
Vegetation: 2,338.560 Meters?
Urban: 20,108.160 Meters?
sand: 2,263.680 Meters?

Input File: 06DEC16120115-M2AS-052062384010_01_P001.TIF
Sea [Blue] 2660 points ROI Name: (Jeffries-Hatusita, Transformed Divergence)

WVegetation [Green] 406 points] ) ;
Urban [Red) 3491 points Sea

sand [Yellow] 393 points Vegetation: (1.99998464 2.00000000)

Urban: (1.980929%2 2.00000000)
=sand: (2.00000000 2.00000000)

Vegetation:
Sea: (1.99998464 2.00000000)
Urban: {1.99533321 2.00000000)
=and: (2. 00000000 2. 00000000%

Urban:
Sea: (1.98092992 2 00000000}
Vegetation: (1.99533321 2.00000000)
sand: (1.94454226 2.00000000)

sand :
Sea: (2.00000000 2.00000000)
Vegetation: (2.00000000 2.00000000)
Urban: (1. 94454226 2.00000000)

Pair Separation (least to most)

Urban and =and — 1.94454226

Sea and Urban - 1.98092992
Vegetation and Urban - 1.99533321
Sea and Vegstation - 1 99995464
Sea and sand - 2.000000
Vegetation and sand - 2 DDDDDUUD

4 bandas

The classification algorithm must be trained. There are several possibilities:
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e Supervised Training

Training samples are labeled by the user (e.g., figure above). It involves prior

knowledge of the terrain (in-situ data, maps, photo interpretation).

« All classes in the image must be taken into account to avoid errors (Solution:

apply thresholds in the allocation phase).

« The analyst must select representative areas for each class to get the digital level

range for each category.

« Training areas can be established through field visits, maps, photo interpretation,

etc.

» Each training area (ROI) must include the range of variability of the class (Using

more than one training area for each class).

 Number of pixels in training> 10*N (N: number of bands used). It is

recommended 100 * N.

« There is no guarantee that classes will be distinguishable (one thematic < 1

spectral)

e Unsupervised Training

Training samples are not labeled. Classes are automatically determined.

« It does not require prior knowledge of the area.

« The algorithm locates concentrations or groups (clusters) of pixels with similar

characteristics (assuming that classes have similar spectral values).
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The groups represent classes in the image, but then they have to be labeled

according to our classes of interest.

« There is no guarantee that the obtained spectral classes correspond to classes

of interest.

« The number of groups in the image is not known — use more than classes of

interest.

» Generally the full image is classified (+ training assignment), instead of using the

image areas for unsupervised training.

« Classical algorithms: K-means and Isodata.

Graphic illustration of operation of K-means algorithm on 2

bands

Initial cluster Initial MDM
locations Classification

Lle -le 4

Mean recalculation New Cluster Means

¢ @

¢ @ -
[m]
® > >
MDM Classification Mean recalculation

MDM Classification

V4 s 7
o@® (o® o

> >

The iterative process is repeated until the change in the average values reaches a
threshold.
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e Mixer training

It is performed combining both training types. There are several possibilities:

» First, unsupervised training (find representing spectral classes in sub-images) to

guide the supervised training to select the separable thematic classes.

» First, supervised training for labeling the known classes, to guide unsupervised

initialization of clusters.

« Applying the two methods separately and combine the results.

= Assignment or Labelling step

This stage is to assign each pixel in the image to one of the existing classes. A

thematic image is obtained.

Problem: Establish statistical limits for each class.
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Techniques:

e Nonparametric:
- Parallelepiped classifier

- Minimum distance

e Parametric

- Maximum Likelihood Classifier

o Parallelepiped classifier

All image pixels with values within the centered parallelepiped mean value of a
training class are assigned to that spectral class. It is the fastest of all.

There are different methods for determining the boundaries of parallelepipeds.

Problem: Overlapping limits and not all pixels are classified

e Minimum distance classifier

The pixels of the scene are classified using the average distances to the training
data. A pixel is assigned to the nearest class.
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Decision surfaces are linear and they are determined from the average values (no
variances) of the training data (modeling classes symmetrical like in the spectral

domain — It is sometimes a problem!)
It is slower than the parallelepiped classifier.

There is an error when a class has not been considered =All pixels are classified,
even if the spectral value is far from the average. Solution: use a threshold so that

the decision surfaces are circles centered in each middle class.

¢ Maximum Likelihood Classifier

It uses the statistics of the training sets (mean and covariance) and the pixels are
assigned to the class with the highest probability.

Each class is considered to have a normal distribution.

As the minimum distance classifier, all pixels of the scene are mapped to any of the
classes (except thresholds are applied as shown in the figure).

It is slower than the previous classifiers.

Theoretically offers the best classification.
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* Procedure
- The probability of a pixel is calculated for each class.

- The pixel is assigned to the class with the highest probability.

e Spectral angular distance classifier

It uses the spectral angle between classes to assign the pixels.

It is independent of the magnitude of the spectral vectors. It is therefore more robust

to be insensitive to variations in topography, lighting, etc.

A maximum threshold allowed angle can be specified and pixels at greater angle are

not rated.
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e Decision tree

It is one of the simplest but also more efficient methods.
Setting thresholds is quite laborious.

It consists on discriminating sequentially each category based on the spectral values,

or the texture or the auxiliary information.

Rules are established for each class. These rules allow to discriminate each class
from the variables or bands that best discriminate this class from the rest.

H<D8 AND
#<02 OR¥:0.2)

e Neural Network

Neural networks can predict from a sample of observed inputs and outputs. The

learning objective is to estimate from known results about input data (training

sample), to calculate later results from the remaining unknown input data.
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It consists of a set of simple elements (neurons) arranged in layers. The units in each

layer are connected to the next layer through activing functions (weights are
calculated iteratively during training).

Remote sensing is often used in back-propagation networks consisting of three
layers (input, hidden and output).

Input Hidden Output
Layer Layer Layer
Slope angle
Slope length
Slope aspect
Elevation

Wetness index Landslide susceptibility
Land cover

Lineaments

Soil type

\- 28 neurons in the hidden layer

Geological form.

Advantages: it can include bands or auxiliary data of all types to improve the
robustness and accuracy.

Problems: lack of general criteria for designing the structure of the network. The
tedious training and the classification depends largely on the amount and quality of
the training results. For this reason, SVM (Support Vector Machines) are more
commonly used.
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Minimum distance classifier

Example of results for an unsupervised classifier

K-means K-means Isodata
Clases: 4, Umb: 5%) (Clases: 5, Umb: 50%) (Clases: 3-6)
&5 5 : e — e

(

2 bandas
(R, NIR)

" K-means Isodata
(Clases: 6, Umb: 50%) (Clases: 1-10)
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= Classification accuracy

The accuracy of the classification must be verified. The main sources are:

Soil structure (shape, direction and size of objects, spatial distribution of
classes, degree of mixing, sloping terrain, etc.)

- Use of images with inadequate spatial or spectral resolution.
- Atmospheric influences

- Unsuitable acquisition dates

Vv Pixeles
y : :/--' de borde

Common methods are:
e Visual

e Confusion / fail matrix
- In-situ data -two independent sets, one for the training phase and others for
evaluation- are commonly used.

- Check the percentage of pixels of each image class classified correctly and
incorrectly.

o Kappa Coefficient
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e Confusion Matrix

* Method to quantify the accuracy of a classification.

+ Square matrix (rows: actual classes, columns: classification classes)
+ Diagonal indicates the number of pixels classified correctly.

* The off-diagonal values correspond to misclassifications.

- Overall accuracy: correct/total pixels

- Error of omission (Pixels of a class that is not detected as such): residue in

rows.

- Error of commission (Pixels incorrectly classified): residue in columns.

+ It allows to know the main conflicts between classes — redefine classes

e Kappa Coefficient

* It measures the correspondence between the classified image and the reality,
and the correspondence that would be obtained by simply making a random

classification.

* |t seeks to measure the degree of adjustment due to classification accuracy by

eliminating random factors.
0: agreement due to coincidence
1: total agreement image and reality

Negative: misclassification

« It allows comparing different methods (different confusion matrices).
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1.1. INTRODUCTION

The objective of this practice is to provide the necessary information for obtaining

spatial remote sensing images, for high resolution and low resolution sensors.

We present here the main interfaces to access and download data from different
sensors on board of satellites. There are a variety of image servers but we have
focused on what we consider most significant for the type of data they provide or for
having a more intuitive handling. Most servers present an interface from a web browser,
but they also often offer the possibility of ftp access for downloading data. In some
cases, they allow a direct download, and in others you have to make a request and wait

for it to be processed.

Furthermore, there are other applications which, apart from allowing to download the

data, they provide utilities to perform different types of analyzes.

1.2. MEDIUM AND HIGH RESOLUTION IMAGES

Normally, you have to pay for medium and high spatial resolution images and they are
usually quite expensive (increasing in price with the resolution of the sensor). Below
there is a list with the access to the most used image catalogs and their prices.

O IMAGE CATALOG

The catalogs to access the remote sensing images of the major medium and high

resolution satellites are:
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Landsat

http./#/glovis.usgs.gov/

http.//earthexplorer.usgs.gov/

Deimos
http://www.deimos-imaging.com/extcat/

SPOT
http://catalog.spotimage.com/PageSearch.aspx
Worldview, Quickbird

https://browse.digitalglobe.com/imagefinder/

Geoeye, lkonos

http://geofuse.geoeye.com/maps/Map.aspx#

Rapideye
http://eyefind.rapideye.de/ ’

These catalogs allow you to select a geographic area and view images in the file.
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O COST OF THE IMAGES

In general, the cost of high resolution images is high, and it depends on the selected

processing level. Here you are some links to satellite imagery providers where you can

get prices for most high resolution satellites.

Astrium (Spotimage)

http://www.astrium-geo.com/en/122-price-lists

E-GEOS (Eurimage, Telespazio)

http://www.e-geos.it/products/prices terms.html/

European Space Imaging

http://www.euspaceimaging.com/ordering/

DigitalGlobe + Geoeye
http://www.digitalglobe.com/purchase

NPOC-INTA

http://www.crepad.rcanaria.es/es/npoc/distribucion.html

Aurensis - Telespazio

http://www.aurensis.com/page.php?id=349&lang=ESP

Note that the products of the Landsat satellite series are offered free of charge for

non-commercial applications.
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1.3. LOW RESOLUTION IMAGES

Low spatial resolution products are generally free of charge. There are many servers
that allow their access and to download data. Among the most important servers, the

following can be found:

Giovanni (http://disc.sci.gsfc.nasa.gov/giovanni)
OceanColor (http://oceancolor.gsfc.nasa.gov/)
LPDAAC (https://lpdaac.usgs.gov/)

PODAAC (http://podaac.jpl.nasa.gov/)

Laads (http://ladsweb.nascom.nasa.gov)

USGS (http://earthexplorer.usgs.gov/)

USGS (http://glovis.usgs.gov/)

ESA (http://earth.esa.int/EOLI/EOLIi.html)

GMES (http://gmesdata.esa.int/web/gsc/home)

EUMETSAT (http://www.eumetsat.int/home/main/dataaccess/index.htm)

In Spain at national or regional level the most outstanding servers are:

INTA-NPOC (http://www.crepad.rcanaria.es/es/npoc/distribucion.html)
INTA-CREPAD (http://www.crepad.rcanaria.es/es/index.html)

PNT (http://www.ign.es/PNT/)

ACIISI-PET (Http://www.teledeteccioncanarias.es)

Some of the image servers shown above also allow certain analyzes in a way that, by
selecting a specific area and a range of years, different mean maps, anomalies or

graphical representations of data sets can be obtained.
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Some of the previous access server products are described below. We specifically

analyze:

e Access and download of marine, atmospheric or terrestrial data generated from

space sensor:
OceanColor (http://oceancolor.gsfc.nasa.gov/)
LPDAAC (https://lpdaac.usgs.gov/)

PODAAC (http://podaac.jpl.nasa.gov/)

Laads (http://ladsweb.nascom.nasa.gov)

Furthermore, most of these data can be accessed centrally making a request

with the following application:

Reverberation (http://reverb.echo.nasa.gov/reverb/)

e Access to satellite images, orthophotos and LIDAR:
USGS (http://earthexplorer.usgs.gov/)

Most servers presented here belong to NASA. That is why they are the most accessible
and documented. They also feature a variety of products that meet the expectations

required.

Also, we will show the desktop application for accessing and downloading data stored

and processed by the European Space Agency (ESA).
EOLISA (http://earth.esa.int/EOLI/EOLI.html)
Finally, Giovanni a NASA'’s tool for making various types of analysis will be explained.

Giovanni (http://disc.sci.gsfc.nasa.gov/giovanni)
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0 OCEANCOLOR

In this web you can view, download and access information on oceanographic
parameter products derived from different sensors’ data. Here we are some screen

shots of this web:

b OceanC,olor

Ocean Color Feature S i Missions ~ Data ~ Documents ~ Analyses ~ Pﬂwle Forum ~ Services = Links

Phytoplankton in the Sea of Marmara
scriptions
SeaWiFs
MODIS

communication (e.g

MERIS ground station have been removed

Aquarius ailable, and

VIIRS

Q co a N Co l or
WSS, S

‘ 2

Missions ~ Data~ Documents~ Analyses~ People Forum~ Services~ Links

Data Level
Description

*ilution. Any artifacts o
10DIS Aqua * L1/2 Visual Browser
MODIS Terra * L3 Visual Browser

MERIS

As we can see in the drop down menu, as it is shown in the figure on the right, data
from CZCS sensors, OCTZ, SeaWiFS, MODIS, MERIS, Aquarius and VIIRS are
processed and L1/L2 and L3 level products are generated. Geophysical parameters that

can be downloaded are:

Remote Sensing Reflectance (Rrs)

Chlorophyll Concentration (chlor_a)

Diffuse Attenuation Coefficient at 490nm (Kd_490)
Particulate Organic Carbon Concentration (poc)
Particulate Inorganic Carbon Concentration (pic)
Colored Dissolved Organic Matter Index (cdom_index)
Daily Mean Photosynthetically Available Radiation (pair)
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Instantaneous Photosynthetically Available Radiation (ipar)

Normalized Fluorescence Line Height (nflh)

The interface to access to level 1 and level 2 is shown in the following figure:

A » 1c [Gi] 851 snrs Seawies vser Login | | Comniont Halp)

SeaWiFs MODIS MERIS
” Select one or more n:gnom
Select AdriaticSea
GAC Aqua RR v AegeanSea
Day Antarctica
ArabianSea
MLAC Terra FRS Prbris
Night Arctic
VIIRS oCTs czcs Australia
(NPP) (ADEOS) (Nimbus-7) AustraliaCoast
Azores
Radius (kor) about map click or about typedein S ot #Waths containing (ar Bahamas
location: - . Select BalticSea
‘:ﬁs or specify boulxiary coordu\alcs or a single
ocat
baving :
n situ N:
matchups. w: E
=== . : -
s - Chlorophyll Find swaths |
95t hees oL Tobods Display results 10 at a time. Reconfigure page
[2002 [Jan Feb Mar [Apr May Jun [Jul Aug Sep [Oct [Nov [Dec| [ March 201 jl
2003 [Jan Feb Max [Apx May [Jun [Jul Oct [Nov [Dec | | S | LEIS | April 2013 May 2013 |
sz;ﬁﬁ:%%ipiﬁi%ﬁlm [ElE s el TIw T LE TS ]IS TMITINITLETS
| | P (1723741576 1/2]3]4
g /2008 Jan Feb Maz (Apr Mav Jun Sw!AﬁZﬂgvasmuuusﬁvsemu
;W Jan [Feb Mar [Apr May [Jun [Jul (01" 0001000000000 | 7 7
: [2007 [Jan Fep = biay [3un 10/11112/13]14/15]16 1000000000000000000000! 221777717 000100000001
5 12007 Jan | Biav (us [u 2000001000000(* $¥#7¥/¢%% 14 (1516171819120 [12[13 |14 (15|16 1718
i (2008 [Jan Feb May [Jun 17[18(19/20(2172223 | ool #3|swsiieaiéesiévsisns
= e [eslevelivsiineliv 2112223 (24|25|26/27[19(20121]22/23]24]25
§ 000 an Feb et Dae | 336 2738 20 20 ol st e
2010 [Jan [Feb May (Jun [Jul poodedooceaioono 4 (2§ 120 30 2627 28(29(30(31
[2011 [Jan [Feb May (Jun Nl\lA oo |
2012 [Jan Feb May Jun
2013 [Jan Feb May [Jun [Jul Rug Sep | 'Bat Clov e
2013 | I

The access link is: http://oceancolor.gsfc.nasa.gov/cgi/browse.pl?sen=am

R AR AR AR
R ST R T e e e
SEEEREEE SR E

The access link is: http://oceancolor.gsfc.nasa.gov/cgi/l3?per=DAY
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OceanColor
"'\ .
«)_1'4. ‘ LY

Missions ~ Data~ Documents~ Analyses~ People Forum~ Services~ Links

Data Distribution Site Description

In addition to browsing the directory structure below, you may create a Customiza

Filename Last Modified Size

O LPDAAC (Land Processes Distributed Active Archive Center)

LPDAAC belongs to the Data Information System (EOSDIS) from NASA's Earth
Observing System (EOS). It is responsible for processing, storing and distributing data
and land information products from ASTER and MODIS sensors onboard the Terra
satellite, and MODIS onboard Aqua satellite. The following figure shows the web and,

on the right side, the products available.
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LAND PROCESSES DISTRIBUTED ACTIVE ARCHIVE CENTER
~ove | ASGUT| PRODLCTS | GETONA| TOOLS | USSRCOMMUNTY | CLSTONER seRvce == B | *ASTER Overview

* ASTER Policies

» ASTER Products Table
» MODIS Overview

» MODIS Policies

» MODIS Products Table
¥ Other Data Links

Welcome News

—ry Products 031202013
T
B
Tools
g =

Get Data

oy st Communty
= -

Citing LP DAAC and Data

NASA and USGS Partnership

Terra 10th Ann

View pasters pre
LIODIS applicat

HOME = ABOUT PRODUCTS

LAND PROCESSES DISTRIBUTED ACTIVE ARCHIVE CENTER

GETDATA TOOLS USER COMMUNITY = CUSTOMER SERVICE Search 5]
# Home > Products news FeeD B sTEmar @
Products

LP DAAC MODIS Data

MODIS Overview - Details about naming conventions,
temporal, and spatial resolutions and metadata

MODIS Products - Sortable table of LP DAAC MODIS
products with links to product-specific information

MODIS Policies - MODIS pricing and distribution policies.
LP DAAC ASTER Data

ASTER Overview - What Makes ASTER Unique? Details about
baseline, performance requirements and metadata

ASTER Products - Sortable table of LP DAAC ASTER products
with links to product-specific information.

ASTER Policies - ASTER data availability and redistribution

policies

ASTER Tasking - Request data acquisition
Other Data Links

Other Data Links - Related data sets not held or supported by the LP DAAC

The most characteristic land parameters that can be downloaded from the web are:

Vegetation Indixes
Thermal Anomalies & Fire
Surface Reflectance Bands
Land Surface Temperature

Land Cover Type

In the following link, you can obtain further details of these products.

https://Ipdaac.usgs.gov/products/modis products table

Data can be downloaded for free from various media:

Data Pool is a data file that provides direct access to the products via ftp. The next

figure shows two screen shots.
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https://lpdaac.usgs.gov/products/modis_products_table

R R R RN

USGS Home
Contact USGS
Search USGS

U.5. GOVERMMENT COMPUTER

This US Government computer is for authorized users only. By accessing this
system you are consenting to complete monitoring with no expectation of privacy.
Unauthorized access or uss may subject you to disciplinary action and criminal
prosecution.

LAND PROCESSES DISTRIBUTED ACTIVE ARCHIVE CENTER

HOME ABOUT PRODUCTS| GETDATA| TOOLS USERCOMMUNITY CUSTOMER SERVICE Soarth [5] T -
R > NewsFeeo B STEMP @ . : ipti
ASTER Tasking tiome > Data Pool " 8 srEwe @ Name Last modified Size Description
* Data Pool
* Japan Space Systems Earth
e PO - & paren Direccory B
e Access the Data Pool [ PP
MYDOSAL. 005/ 10-May-2013 07:47 -
* GloVis
» MRTWeb LAtz soot ) D wvnoscus. 0oss 16-May-2013 03:11 -
& —_— [} MYDO9GA. 005/ 16-May-2013 00:30 -
* Teral.ook ASTER -
» USGS EarthExplorer — " ﬁ] MYDO9GQ. 005/ 16-May-2013 00:30 -
> MODIS AQUA
Mercury R 2 wvoosgr. 005/ 10-May-2013 07:47 -
MoDIS TERRA | -
g 2 wyp1121.004/ 13-Dec-2009 18:35 -
MoDIS ConaED | &
= MYD1121.005/ 15-May-2013 15:55 -
D wyoa121. 091/ 15-May-2013 15:43 -
L2 D wvn1122. 004/ 08-May-2009 17:17 -
see ihe SWIR Advisory Alert 2 wvp112. 005/ 10-May-2013 07:37 -

And the access link is: https://lpdaac.usgs.gov/get data/data pool

Reverberation is a tool that provides a web interface to centrally access to a complete
Earth observation product database. It presents an attractive interface which, once
completed the search criteria, a product is requested, which once processed can
access, previous an email notice, to an ftp server for downloading it. The figure below
shows how it looks. Furthermore, on the right image you can see information about the

order placed.

Nasa

Reverb | ECHO

EQSDIS iy e o =24

Step 1: Select Search Criteria

Contat fions > Review Ort

M Review Order
\ Feedback? ‘
Tell u think

Temporal Searc

Order Information

Avaiiability

ASTER GDEM V2 Tutorial EE QIR0 134D742-E0F6-9E06-2A81-DBCB13CADIAD

sTaar
=l User Information
oo User domain: University
= User region: International
.
\ Feedback AMSRE Instrument Failure Contact Information

Order, Shipping, and Billing Contact
Name: Anabella Medina

Email: allebana@gmail. com
Notify: Always (receive all order state changes and status)
Release Information

Phone Numbers

+44928452978 (Business)

Upcoming Features

s ormat):
GC

Las paimas,

Spain

Nelasse srmason

Order items

MCD12C1.A2004001.
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https://lpdaac.usgs.gov/get_data/data_pool

O PO.DAAC (PHysICAL OCEANOGRAPHY DISTRIBUTED ACTIVE ARCHIVE

CENTER)
It belongs to the Data and Information System, EOSDIS Observing System from
NASA's Earth Observing System (EOS). It is responsible for processing, storing and
distributing ocean and climatic data from many satellites such as ADEOS, Aqua,
AQUARIUS, Coriolis, Cryosat-2, DMSP, ENVISAT, ERS-1, GEOS-3, GFO, GOES,
GRACE, GTS, ICOADS, JASON, METOP, MSG, MTSATI1R, NIMBUS, NOAA,
Oceansat-2, QUIKSCAT, Terra, Topex / Poseidon and TRMM. Here we are an example

of this web.

NASA Earth Data

Nasa Jet Propulsion Laborato
alifornia Institute of Tec

NASA Earth Data

nasa vet Propulsion La
» California Institu ec

7* PO.DAAC

l PHYSICAL OCEANOGRAPHY

., DISTRIBUTED ACTIVE ARCHIVE CENTER

HOME DATASET DISCOVERY DATA ACCESS MEASUREMENTS MISSIONS MULTIMEDIA

s A.gov

The main parameters that are responsible for processing in this center are:
Ocean Surface Topography (OST)
Sea Surface Temperature (SST)

Ocean Winds
Sea Surface Salinity (SSS)
Gravity
Ocean Circulation
Seaice
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In this case, the data can also be downloaded from different media. The options are set

once the parameter of interest is chosen:

NASA Earth Data Data Discovery v Data Centers v

2 PO.DAAC

PHYSICAL OCEANOGRAPHY
o £ ARCHIE CONTER

Nasa det Propulsion Laboratory
i o ¢

Houe DATAACESS  MEASIREMETS  MISIONS  MULTIEDIA rnia Institute

Parameter ns | Pltform | Sensor | Spatal

erage | Latency

BROWSE DATASETS , » \
e v DATASET DISCOVERY =N
| SRS (> PO.DAAC
- & tar Dt Koo
Heed heb ssectng a dtaset? PHYSICAL OCEANOGRAPHY - :
Grid Spatial Resolution e v k _ DISTRIBUTED ACTIVE ARCHIVE CENTER i
T [ ] HOME ~ DATASETDISCOVERY  DATAACCESS ~ MEASUREMENTS ~ MISSIONS ~ MULTIMEDIA  USER COMMUNITY  Hi
Parameter | Colections | Platform | Sensor | Spatial Coverage | Laten
Temporal Resolution vel 3 Thermal It Annual kom Daytime s i 2
wp AL o204 DATDE)

Ao 5 A atform: AQUA > Temporal Resolution: Annual
R Processing Leve

Longitude/Latitude Resolution: 0.0417 degrees » 00417 degrees MODIS AQUA LEVEL 3 MID-IR ANNUAL 9KM NIGHTTIME
Aay parameter StanEnd Date 350234+ o rsert.

g—

w2 MODIS Aqua Level 3 MID-IR Annual 9km Nighttime
AaUA ) hittp://podaac.iplnasa.gov/dataset/MODIS_AQUA_L3_SST_MID-R_
reysenso g Please contact us i there are any discrepancies or inaccuracies found below.
o LonaRtude/Lattude Resokton: 0417 derss X0 0417 deres

StartEnd Date: 202354 o Prsent
Time Span shmped
G i informationy] Data Access: |Granuledhite) Licting o [

” y OPENDAP http://podaac-opendap.jpl.nasa.gov/opendap/allData/modis/L3/aqua/4um/9km/annual/

Aoy spoa covrage Levet >

e oy e XD s FTP ftp://podaac-ftp.jpl.nasa.gov/allData/modis /L3/aqua/4um/9km/annual
tatency. [
L - Format (Compression)  HDF (BZIP2)

It also allows downloading data via direct access to ftp, as shown in the following figure.

fndice de ftp://podaac-ftp.jpl.nasa.gov/

1], subir al directorio superior,

Nombre Tamafio Ultima modificacion
GeodeticsGravity 28/07/2011 0:00:00
OceanCirculation 28/07/2001 0:00:00
OeeanTempersture 06,/09/200.2 0:00:00

1 CcearWinds 17/02/2003 9:08:00
&L, README 2KB  25/10/2011 0:00:00
| README. bt 1KB  25/10/2011 0:00:00

1 SalinityDensity 28/07/2001 0:00:00

Sealce 01172002 11:06:00
SeaSurfaceTopography 0705/2003 13:50:00
1o alData 15/03/20013 5:55:00
rise 19/10/2002 0:00:00
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O LAADS (LEVEL1 AND ATMOSPHERE ARCHIVE AND DISTRIBUTION SYSTEM)

It belongs to the Data and Information System, EOSDIS from NASA's Earth Observing

System (EOS). It is responsible for processing, storing and distributing atmospheric and

terrestrial products from MODIS and VIIRS sensor.

@ GODDARD SPACE FLIGHT CENTER

| + Visit NASA gov

Welcome to LAADS Web! LAADS Web is the web interface to the Level 1 and Atmosphere
Archive and Distribution System (LAADS). The mission of LAADS is to provide quick and easy
access to MODIS Level 1, Atmosphere and Land data products and VIRS Level 1 and Land
data products.

Data

Search, order, and download MODIS Level 1, Atmosphere and Land data products and VIRS
Level 1 and Land data products. Products may also be subset by parameter, area, or band,
mosaiced, reprojected, or masked.

Images
Visually browse MODIS Level 1, Atmosphere and Land data products.

Tools
Access tools to use with MODIS Level 1, Atmosphere and Land data products and VIIRS Level
1 and Land data products.

Help
Get help including tutorials and contact information.

MODIS level 2 clouds, aerosols, snow, sea ice, fire, land surface temperature, and land surface
reflectance products are available within 2.5 hours of observation at LANCE-MODIS.

Information about the production, archive and distribution of the data products in LAADS can
be found at the MODAPS Services website.

Any gquestions should be directed to MODAPS user support. Contact information can be found
on the Contacts page.

NEWS

05.08.2013 - Scheduled Maintenance May
8, 2013 Postponed

The LAADS maintenance scheduled for
Wednesday, May 8, 2013 from 10:00 AM EDT
to 01:00 PM EDT has been posiponed.

+ Read More

11.05.2012 - MODIS/Terra Collection 6 Level
1, Cloud Mask and Atmospheric Profile
Products Released

The MODIS science team has completed and
released the Collection & (C6) reprocessing of
the Terra Level 1 (L1), Cloud Mask and
Atmospheric Profile products.

+ Read More

10.24.2012 - Proposed C6& Aqua L1 and
Cloud Mask Reprocessing Canceled

After reviewing the science test data produced
for January and June 2012, the Univ. of
Wisconsin atmosphere group has concluded
that there is no compeling need for a
reprocessing of the Agua CE data as previously
proposed for the time period 2009/208 -
2012/183.

+ Read More

A form indicating the searching criteria has to be filled out previously to download the

data.
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LAADS Web

mosphere Archive and Distribution System

Search for Data Products
If you know the file names of the products for which you are searching, you may also search for file names.

[~ Product Selecti

Please select one or more products: +View Help

Satelite/nstrument

Terra HODIS -

Group:

Terra Atmosphere Level 3 Products -
Products:

MOD08_D3 - Level 3 Daily Joint AerasolWater Vapor/Cloud Product
IMOD08_E3 - Level 3 8-day Joint AerosoliVVater Vapor/Cloud Product

MDD08_M3 - Level 3 Monihly Joint Acrosolater Vapor/Cloud Product

MOD08_M3_NC - Subsetted Terra Atmos monthly product in netCDF format

MODCSR_ - MODISTerra Clear Sky Radiance 8-Day Composite Daily L3 Global 25km Equal Area
MODCSR_B - MODIS/Terra 8-Day Clear Sky Radiance Bias Daily L3 Global 1Deg Zonal Bands
MODCSR_D - MODIS Level 3 Daily Clear Sky Radiance (Post-Launch)

Please read the disclaimer about the Collection 5 MODO4_L2 and MYD04_L2 products.

All Suomi NPP VIIRS EDRs are currently BETA QUALITY (WITH KNOWN PROBLEMS) AND ARE NOT INTENDED FOR SCIENTIFIC USE.
VIIRS calibration is based on prelaunch data and on-orbit calibration and characterization has begun. For more information, see
the NPP VIIRS QA - Product Quality Documentation.

For information on how long the Suomi HPP VIIRS data are kept in the archive, see the Land LPEATE Data Production and
Retention policies.

~Temporal Selecti

Please enter the temporal information in either MM/DD/YY™Y or YY'Y-DDD format +View Help

Temporal Type:
Date and Time Range -

Start Date and Time:
04/01/2013 00:00:00

End Date and Time:
05/16/2013 23:59:59

- Temporal Selection
Please enter the temporal information in either MW/DD/Y Y Y'Y or YYYY-DDD format:

+View Help

Temporal Type:

Date and Time Range -

Start Date and Time.
04/01/2013 00:00:00

End Date and Time:
05/16/2013 23:59:59

[ Collection Sele:
Please select a collection

+ View Help
Collection:

6~ MODIS Collection 6 - L1, Atmos and Land -
Collection 5.1 contains a full set of the Aqua products MYD04_L2, MYDOS_L2, MYD0G_L2, MYDATMLZ, MYDOG_D3, MYDOG_E3, and
MYD08_M3 and the Terra products MOD04_L2, MODOS_L2, MOD0S_L2, MODATML2, MODOE_D3, MOD0S_E3, and MOD0G_M3. These

products can still be found in Collection § prior to data day January 1, 200 for Aqua and data day April 15, 2010 for Terra. However,
collection 5.1 is the preferred collection for these products.

- Spatial Sefecti

Please enter the coerdinates for your area of interest.

+ View Help
Coordinate System
None (Global Search) «
[ Metadata Sele:
“fou may also filer on several metadata fiekis. Select "Yes” next to each fiekd to fiter on that field. The products that wil be fitered  + View Help

are listed beside each field

PGEVersion Fiter? No v (MODOS_WM3)

Start: End:

Fiter? No
QAPercentiissingData 0.0 1000

(MODOB_M3)

Require that the fitered metadata fields be defined to be included in the search results

r Saved Sel

*ou may load a set of saved parametsrs by entering the name of the fis on your system and clicking "Load”. You may also savethe + View Help
current set of parameters to your system by entering a fils name and clicking "Save™

Name:

Webmaster: Karen Horrocks
NASA Official: Ed Masucka
+ Send Us Your Comments

+Privacy Policy and Impertant Notices

Then the order is placed and the product ordered, as it is shown in the following figure.

GODDARD SPACE FLIGHT CENTER

‘ + Visit NASA.gov

LAADS Web

Level 1 and Atmosphere Archive and Distribution Sy

Search for Data Products

Please choose how you want your products delivered

 Email Address

email address.

Email:

Please enter your email address so we can contact you if we have problems filing your order. ou will also be able to track your order using your

— Select Delivery Method

To order your selected products, please specify a delivery method

©) FTP Push (automatically deliver products to my site’s FTP server)

@ FTP PUl (stage products where | can download them using FTP or GNU Waet)

Please note the following restrictions when choosing FTP Push as a delivery method

* Your site must be running itz own FTP server that our server can contact.
® “Ygu must provide us with all the information required to log into your FTP server and copy files to it.

® |f, when your data are ready, we are unable to login to your FTP server, we wil continue to retry once a day for up to three days. After
that time, we wil stop trying, and you wil need to retrieve the data on your own.

+ View Help

TELECAN Tutorial
Acquisition and Analysis of Remote Sensing Images

UNIVERSIDAD DE LAS PALMAS
DE GRAN CANARIA




Order Results

You have ordered a total of 1 product files:
1 product files require no extra processing, are on-line, and are ready for immediate defvery.
® (Order Id: 500750741 containing this file is ready. “ou can click on the Order ld for download information.

You will also receive an email with download instructions. After you have downloaded an order, please remember to RELEASE IT so that subsequent
orders will not be held up waiting for resources.

ou can also track your orders from the Data-=Track Orders page. From that page, you can release or cancel orders.

Webmaster: Karen Horrocks
+ Privacy Policy and Important Notices NASA Official: Ed Masuoka
+ Send Us Your Comments

Finally, in order to download the product, we access with the order identification

number, once they have sent it to us via e-mail confirming that is processed.

In any case, we can avoid all the previous process by accessing directly via ftp

as it is shown in the next figure.

Indice de ftp://ladsweb.nascom.nasa.gov/

%, subir al directorio superior.
Nombre Tamaiio Ultima modificacién
|) LandSeabask_DEM 31/12/1969 0:00:00
11 MAIAC 31/12/1969 0:00:00
1 MAS 31/12/1969 0:00:00
1) NetCDF 31/12/1969 0:00:00
&'-i' README 32KB 18/04/2013 14:33:00
| allData 31/12/1969 0:00:00
| datapcol 31/12/1969 0:00:00
|i geoMeta 31/12/1969 (0:00:00
| orders 31/12/1969 (0:00:00
| subsets 31/12/1969 0:00:00
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O EARTHEXPLORER

This tool provides an online search of different Earth observational data and to
download data from U.S. Geological Survey (USGS). Most of them are free products,
although sometimes you have to pay, if the product requires a priority processing. A
dollar symbol ($) identifies these products. After selecting the area (used area), select

Use Data Set Prefilter. The data that can be found are:

ASTER (Advanced Spaceborne Thermal Emission and Reflection Radiometer)

AVHRR (Advanced Very High Resolution Radiometer)

Calibration / Validation Test Sites

Commercial Data Purchases (CDP) Imagery

Declassified Satellite Imagery - January

Global Land Survey (GLS)

Heat Capacity Mapping Mission (HCMM) Digital Source

EO-1 Advanced Land Imager (ALI) and Hyperion

Landsat 8 OLI (Operational Land Imager) and TIRs (Thermal Infrared Sensor) (will start
publishing in May)

Landsat ETM + (Enhanced Thematic Mapper Plus)

Landsat MSS (Multispectral Scanner)

Landsat TM (Thematic Mapper)

Landsat TM (Thematic Mapper) Film Only

MODIS (Moderate Resolution Imaging Spectroradiometer) MRLC2001 (Multi-Resolution
Land Characteristics 2001)

NLDC (NASA Landsat Data Collection)

OrbView-3

It can be accessed through the following link: USGS, http://earthexplorer.usgs.gov/

The interface features are shown in the following figure:
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USGS Home
Contact USGS
Search USGS

n Megonw resdtuc e

=g == | rmmcien | e

1. Enter Search Criteria

To narrow your Search arez: type i an address or place
name, enter Coordinates or Click the map 1 define your
$earch area (for advancad map %0ols, view he helo
gozumentation), 3ndor choose 2 aate range

e
i

Clear Crileria

e E B E

=
[ [T
e |
1. LaT29° 32T N Lom 012° 41 4T W E
2. Lan 29" 3¥2YN Lo 013" SYITW /IR
3. Lat 25703 33°N, Low 015" S¥2TW /R
4. L3t 25° 03 38"N, Lo 012" 41 4T W /IR
= S ==
[ oo e [
Search fom: 01/01/1520 o 051672013
Search mon?s: (w0 -

Accessoany FOIA Privacy Poricies ana Nozces Google Maps AP| Disciamer

5 Daaatrers of g eatr 2 5 Gasloden S = 5
T TS\op %
Page Cortact Informaton: Ralutat aa ~
Page Laat Mosfed: CYIA20L3

Finally, only registered users can download data. In the following link you can find a

tutorial on using the interface:http://earthexplorer.usgs.gov/documents/helptutorial.pdf

a EOLI-SA

EOLI-SA (Earth Observation Link) is a desktop tool developed by the European Space
Agency to access Earth Observation data catalog and to make the request for an order.
Let us see this tool in the next figure:
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http://earthexplorer.usgs.gov/documents/helptutorial.pdf

2 Orders [y Userset ESASets g

Duplicate | Advanced Duplicate

The data accessible via EOLI-SA are:

ENVISAT (ASAR, MERIS, AATSR, MIPAS, SCIAMACHY, Radar Altimeter / MicroWave
Radiometer)

ERS (Scenes SAR, SAR Wave Mode: FDC, Wind Scatterometer: FDC, Microwave Sounder,
Altimeter,

Gome, Orbit Data)

PROBA (PROBA Chris)

LANDSAT (TM: RAW, SCAS; MSS: RAW, SCAS; RBV)

Terra/ Aqua (L1B)

ESRB (SAR: PR1, GEC; VNIR: Levell, 2)

NOAA (AVHRR: SHARP 1B, 2A, 2B)

IRS (MOS: L1B)

SeaStar(SEAWIFS: L1A, L1B, L2A, L2B, L2C)

Nimbus(CZCS: L1, L2)

This tool can be downloaded at: http://earth.esa.int/EOLI/EOLi.html.
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You can find more detailed information at:
http://earth.esa.int/EOLIResources/Manual/html/ChapCatalogueWorkSpace.html
The following link shows the free data offered:

https://earth.esa.int/pi/esa?type=file&table=aotarget&cmd=image&id=520

O GIOVANNI

It is a web application developed by NASA to visualize, analyze and access remote
sensing data from different databases. Giovanni is an acronym for GES-DISC (Goddard
Earth Sciences Data and Information Services Center Interactive Online Visualization
and Analysis Infrastructure). In the center of the main screen, data are classified by web

sites. Each of these web pages has a variety of parameters from different sensors.

=« NASA Earth Data

Goddard Earth Sciences Data Search GES DISC
¥ass GES DISC and Information Services_Center Advanced Search
i — -

Analyze Data with Giovanni

-2 T (B {6

OVERVIEW : GES DISC Home » Giovanni - Interactive Visualization and Analysis

+ Whatis Glovanni? i - Interactive Visualization and Analysis
* Who Uses Giovanni? ntn n
+ Giovanni Parameters.
+ Giovanni Plot Types
+ How to Usa Glovanni
+ How o Acknowledge
Giovanni

~ SMON 8piH

+ Acknowledgements

+ News
+ Users Manual
+ Publications

+ Newsletters
mparison: Daily &

+ Feedback
mpatison: Monthly @2
+ FAQ
1
Hydrology Portals (Scroll down to view com
Giovanni is a Web application developed by the GES DISC to provide a simple, intuitive way to visualize, analyze, and access vast amounts of Earth science remote sensing data, particularly from satellites, without having
to download the data
Giovanni consists of several portals tailored to meet the needs of different Earth science research communities. To use a Giovanni portal, click the its link in the lists under the left tab above
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There are many web sites within each of the following categories:

e Atmospheric Web sites

e Applications and Education Web site
e Meteorological Web site

e Ocean Web sites

e Hydrology Web sites

In the following link, you can see a complete list of available geophysical parameters:

http://disc.sci.gsfc.nasa.gov/giovanni/additional/users-manual/G3 manual Chapter 2 parameters.shtml

On the other hand, Giovanni has different types of representations:

Animation

Anomaly

Plot Area Lat-Lon, Time-averaged
Lat-Lon Plot, Difference Map
Latitude-Time Hovmgller Plot
Longitude-Time Hovmgller Plot
Correlation Plot

Comparison Plot

Plot Cross-Map (Latitude-Pressure)
Cross-Map Plot (Longitude-Pressure)
Cross-Map Plot (Time-Pressure)
Scatter Plot

Scatter Plot, Time-averaged
Curtain Plot

Time Series, Area-averaged

Time Series Difference

Time Series, Area Statistics
Vertical Profile

Zonal Mean
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http://disc.sci.gsfc.nasa.gov/giovanni/additional/users-manual/G3_manual_Chapter_2_parameters.shtml

Histogram

Histogram, Area-Averaged

Histogram, Time-Averaged

The most common representations are:

Anomaly: it is calculated for a selected time period. It can be represented as a map of
latitude/longitude or as a time series. It measures the difference of each value from the

mean value in normal conditions.

Lat-Lon Area Plot Time-averaged: It obtains the mean value for each cell that belongs

to the area selected by the user and it is represented in a 2D color map.

Lat-Lon Plot Difference Map: It performs a representation of the difference of two
parameters or two different databases in a parameter. It is represented as a time series,

where an axis shows the value in the other geophysical time.

Latitude-Time Hovmgller Plot and Longitude-Time Hovmagller Plot: Hovmgller maps
-latitude versus longitude or longitude versus time- represent a longitudinal variation of
a parameter versus time or a latitudinal variation versus time. They allow 2D
representations of the changes occurred in one particular region during a given interval

of time.

Scatter Plot or Scatter Plot Time-averaged: Itis an XY representation of two different
parameters. Temporal range is selected, and for each cell a mean value of X and Y are

represented.

Time Series Area-averaged: It is a unique representation of the mean values of a

parameter in a total area defined along a period of time.

Difference Time-Series: It similar to the previous one, but it represents the difference

value between two parameters.
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Once the web site is selected, the general procedure to follow to obtain the

representation of a chosen parameter is:

1. Select the area of interest, indicating the latitude and longitude or select it

graphically.
2. Start date/end date of the period under study.
3. Choose the parameter of interest.
4. Set the representation preferences.
5. Select the analysis you want to perform.

6. Download the data in the desired format.

e Practical examples

Example 1. Representation of a Chlorophyll Concentration map

Ocean web sites -> Water Quality Monthly Data

Example 2. Representation of a time series of chlorophyll concentration between
2001 and 2010

Ocean web sites -> Water Quality Monthly Data

Example 3. Representation of a SST day and night difference map for February
2001-February 2010

Ocean web sites -> Ocean color radiometry Online Visualization and Analysis

Example 4. Hovmgller night SST4 latitude and longitude graphic for 2001-February
2012

Ocean web sites -> Ocean color radiometry Online Visualization and Analysis

For different cases you can select the next area of study:
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Cursor Coordinates:  -22.13904, 28 52795

W=

1)

| : ; North: 30 .
Area of Interest: West: -19 South: 26.5 East: -12.5 Update Map

Practical Example 1

MAMO_CHLO_4km.CR chloropam 2 Ic&'ucentml:ion 4km [mg/mee3]

Chlorophyll concentration map, Lat-Lon map, Time-averaged.
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chlorophyll a concentration 4km (mg/m**3)

Practical Example 2

Area-Averaged Time Senes (MAMO_CHLO_4km CR)
(Region: 19W-12W, 26 N-30N)

=]
]
o

o
%
o

[=]
o
T
-
=

010

1 | 1 1 1 1 |
2003 2004 2005 2006 2007 2008 2009 2010

Average value of chlorophyll concentration time series (2001-2010)

297N

204N

294N

ZB.8N

285N

28.2N

278N

27.6N

273N

2N

287N

Practical Example 3

Differenca{A-B) {Fep2000 - Feb2010)
Az MTMO_SST4_4km.CR Sea Surface Temperature [C
H: MTMO SST 4km.CR Sea Surface Te

W 18.5W z A X 15w 14.50 148 13.5W 13w 12.5W

-4.003 —3.002 —2.182 -1.271 -0.36 0.55

Lat-lon map of time-averaged diferencias
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Practical Example 4

MTMO_SST4_4km.CR Sea Surface Temperabure {4
(Average Lak 26.5N — 30.0

Nri'licran night} 4km [C]

MTMO_35T4_#km.CR Sea Surface Temperaturs

4 mi ight} 4k c
verage Lon: 19.0W - Iif.swrﬁumn night} #km [¢]

Hovmgller Graphics latitude and longitude
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2.1. INTRODUCTION

The information collected by remote sensing sensors is processed and analyzed using

software programs known as remote sensing processing tools.

There are a number of open source programs and many other payment programs to
process this kind of information. Next, we present the most widely used tools for remote
sensing image processing. In addition, an information summary of every tool's main

features is included.

O COMMERCIAL TOOLS

ENVI: Program focused on the processing and analysis of images of all kinds. It is quite
flexible reading formats and is very friendly for users. Made with IDL language, allows

incorporating additional modules.

ERDAS: It is probably the largest commercial deployment program, being a standard
for interchange formats, especially with GIS. It is available for a wide variety of
platforms. It can be programmed using the Model Maker.

ESRI: ArcGIS is a suite of GIS products. It is grouped up into several applications for
capturing, editing, analysis, processing, designing, printing and publishing geographic
information. ArcGIS Desktop family of desktop GIS applications is one of the most
widely used, including ArcReader, ArcMap, ArcCatalog, ArcToolbox, ArcScene and

ArcGlobe, and various extensions.

Idrisi: It is a tool that incorporates many digital image analysis utilities. Due to its low
price, it has been used extensively in remote sensing teaching. It has been developed
by Clark University (USA).
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E-Cognition: Program that incorporates multiple aspects of context analysis and

mathematical morphology. It is ideal for spatial pattern recognition.

ER-Mapper: Australian program that collects most of the common features in remote
sensing, being quite efficient in managing bulky images by incorporating innovative

systems and virtual algorithms compression.

PCIl-Geomatica: New version of the popular PCI Canadian program, in a scheme that
incorporates more packages integrating its digital image analysis, orthorectification,
map production and GIS. It provides quite powerful analysis tools, thanks to its close
connection to the Remote Sensing Canadian Center. You can use a limited demo

version, called Freeview.

DRAGON: Low Cost Program in Windows environment for digital image analysis. It is

very appropriate for an educational setting.

Miramon: GIS and remote sensing program developed by the CREF of Barcelona
University. It is a low cost program with wide functionalities.

O FREE TOOLS

Grass: Program focused on GIS and image processing. It has been developed by
UNIX, on different platforms, but recently Linux and Windows (WIinGRASS) versions
have been created. It was initially developed as a military tool for the U.S. Army. NASA,

NOAA, USGS, etc. are the organizations that use it among others.

Orfeo, Monteverdi: OrfeoToolbox (OTB) is a library of remote sensing image
processing developed by CNES in 2006 with the aim of facilitating the use of images
from different sensors. In particular, Orpheus constellation (Pleiades and
Cosmo-SkyMed). Monteverdi is the most robust and operational version.
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SeaDAS: NASA software tool for visualization, processing and analysis of images of
ocean color sensors. It supports the main missions of NASA and, recently, ESA

missions.

Multispec: Program developed by the University of Purdue, a pioneer in the 70s. It is
very appropriate for the learning environment, since it only has a few hardware

requirements. There is also a new version for 32-bit (32-bit version).

SPRING: Program developed by INPE (Brazil National Institute for Space Research). It
has an extensive list of features, but it is primarily oriented towards the GIS
environment. There are versions in Portuguese, English and Spanish.

Next, an introduction to various remote sensing image processing tools is presented. As

free software applications, Monteverdi [http://www.orfeo-toolbox.org/otb/monteverdi.html]

and SeaDAS [http://seadas.gsfc.nasa.gov/] have been selected. We also describe one of

the most common commercial software in the field of remote sensing, ENVI
[http://www.exelisvis.com/ProductsServices/ENVI/ENVI.aspx]. We will start by describing the

main features of Monteverdi, a non-experts’ software, to finish with the advanced users’
ENVI application. We will also include SeaDAS, software historically linked to the
processing of oceanographic images from NASA, and in its new version 7 it provides a

lot of utilities in a new and intuitive graphical interface available for Windows.

2.2. MONTEVERDI

Monteverdi is a computer application sponsored among others by the French Space
Agency (CNES). It is a graphical program based on ITK and OTB libraries (Orfeo
Toolbox) that provides tools for remote sensing image processing. OTB is distributed as
an open source allowing full access to the algorithms used in the library. In addition to
basic utilities, it allows the processing of high-resolution images such as SPOT,

Quikbird, WorldView, Landsat, Ikonos, etc., and hyperspectral and radar images. This
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software is available for free for Linux, Unix and Windows. The latest stable version is
1.14, available for downloading at the following link:

http://sourceforge.net/projects/orfeo-toolbox/files/Monteverdi/Monteverdi-1.14/Monteverdi-1.14.0-win32.exe/download

] [Reader0] 100CT28115103-M2AS-052920145010_01_P001 1] Monteverdi - 114.0 B E‘FET‘ 7337‘
Navigation view Full resolution view | | | File Visualization Calibration Filtering SAR Learning Geometry ?
=1+, Reader0

= _| 100CT28115103-M2AS-052920145010_01_P001
Hd¥ Informations
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O MONTEVERDI BASICS

Monteverdi is a user-friendly graphical program for users with little knowledge in remote
sensing. It allows using the principal image formats, as well as the use of some kinds of
vector data. The figure shows an image loaded in the program. At the top of the
interface menu under "File"-> "Open Dataset" menu, you can access a selection of
image/vector to be loaded. After selecting the data, Monteverdi recognizes its type, and
by pressing "open”, the data is available in the main program interface.
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http://sourceforge.net/projects/orfeo-toolbox/files/Monteverdi/Monteverdi-1.14/Monteverdi-1.14.0-win32.exe/download
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[ Cancel ] [Dpen /"']

You can see the image by clicking "Visualization"-> "Viewer" in the top menu. Then a
"Set inputs” window pops up. There you have to select the image or image channel to
be displayed by pressing (+), adding it as "Input". After selecting the image -in our
example a.tif image-, you press the Ok button. At that point you will see a display
composed of navigation, zoom and high resolution. Also on the bottom left, a window
with the histogram of the channels represented and the pixel information will appear.
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Next to display, there is another window with a menu that allows the management of
data. Under "data” you can select the different data entered on the "set input”, and the
way they are represented (slides). "Setup” shows the configuration of the data in RGB
color images or grayscale. It also allows you to configure the display in compact format
or in separate windows, and to set the display method -linear, Gaussian, Square root. In
"Histogram” you can see the histogram of the bands represented in the display. In the
case of the straight-line method, the minimum and maximum parameters in the same

histogram can be changed by shifting the vertical bars. Finally, "Pixel description” lets
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you access information according to a pixel position. These options are shown in the

following figures.
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Continuing with the menu "Visualization", access to the "Spectral Viewer" where the
"Set inputs" window will appear again and select the image previously uploaded in the
program. Once the image is loaded, a viewer with navigation windows turns up and also
bars to select the display channels, and, on the left, a list that allows to enter selected
points with the values of the channels and the spectral angle. Besides, we can see
another screen that represents a graph of the channel values of the selected pixel with

the cursor next to the values of the stored points.
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Right click to place items on the list. The figure shows the graphs window spectral
channels of different selected points in the viewfinder.

5] [Reader0] 03MAY24113531-M2AS-005507800010_01_POOL =@ =]
¢ o, e T .
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The following figure shows the spectral angle option which calculates the angle between
the bands of one of the bands selected and the rest of the image. This provides an
information relationship between the point and the image. In this example as we have
selected the point of seawater into the port and there are no waves, the representation
of this area is almost black, as it represents an angle close to zero, which indicates its

relationship to that point.
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To finish with the "Visualization" menu, we access the "color mapping" option where the

"Set inputs" window will appear again. The utility has as complete coloring using

grayscale palette images, so that only one channel is selected. A typical example is to

color a vegetation index such as NDVI. This index can be generated by a menu option

"Filtering"-> "Feature extraction” - "Radiometric Indices extraction". Once the channel

is loaded with the index, a "Color Map to Apply window" will appear. There you may

select the desired palette and the minimum and maximum values to be represented.

The figure shows the configuration of the palette Winter [-0.5 0.5], RGB image

processed to obtain the NDVI, NDVI grayscale, and the result of the colored image.
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Image Scaling

‘ Min[-0.4 Max|0.5 ‘

Select ColorMap

e o

Another basic utility is to save the images to a disk. For example, we have created a
colored image of NDVI that is stored in memory and we want to save it. To do this, go to
"File" menu-> "Save dataset", and the window "Set inputs" will appear. There you select
the image you want to save (Winter Color Map image). After pressing OK, a "Save
dataset" window will appear where you will enter the route and type of image. We also
introduce the data type that stores each pixel. In our case is an 8-bit RGB image that
can be viewed by any viewer. Next, select the type "unsigned char", keep the "save
metadata" and save it as tif image to store geographic information. The following figure

shows the configuration of the window "save dataset".

] Save dataset o & |

| 1 1 | I
¢-/Usersimodis/Desktop/aaa if | |-
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[ Cancel ][ Save /"']
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If we need more configuration options when saving an image in a disk, the "save

dataset (advanced)" option can be used. In this option, you may configure, among other
features, the channels that you want to save and the ones that you do not want to store.
The figure shows the "Writer Application” interface, which performs the advanced store

of data.

5 Writer Application: (3 bands, [2055, 2776]) [-= |- = |[=E3a] | 7 Writer Application: (3 bands, [2055, 2776]) =N e |

Full resolution

Scroll

Full resolution

Scroll

Action || Output
Feature image list Selected output channels

Ch1 Ch1
1 . 1 1 1 Ch2 Ch2
Ch3 Ch3

c:/Users/modis/Desktop/aaa.tit >

F
Output pixel type | unsigned char -
B Use scaing ] <<

[~ Save metadata

Quit Save Quit Save

To finish with the basic options of this tool, we will use the menu option "File"> "Extract
ROI from dataset". This option is very useful, if you want to cut a region of interest of an
image. Let us get a square area of the image either in pixel positions or by using
longitudes and latitudes. Next figure shows the "Select the ROI" interface that pops up

after selecting the image to be trimmed.
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51 Select the ROT == |
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Update

Cancel Ok 44

2.3. SEADAS

The SeaWiFS Data Analysis System, SeaDAS is an intuitive tool for oceanographic
image processing and data based on "Ocean Color". The latest version 7 is the result of
collaboration with the developers of the ESA and its package BEAM. Thanks to this
collaboration the display is based entirely on BEAM framework which has introduced
many more features compared to the latest version. Furthermore, this new version is
available not only for Linux / Unix systems, but also available for the Windows platform.
In contrast, BEAM integration has caused that the existing IDL module in previous

versions is not yet available.
The software is available for downloading at the following at:

http://seadas.gsfc.nasa.gov/installers/
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O SEADAS FUNDAMENTALS

SeaDAS is a graphical program with a friendly user interface specialized in the
processing of oceanographic data. It allows the use of most remote sensing data and
vector data. The figure shows the load of an image in the program. At the top menu,
under "File"-> "Import Raster Data", we can see a multitude of choices of sensors and
image formats. After selecting the type of image to be imported, a selection window

pops up where you enter the file path.
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After loading the image, it will appear in the main interface in "Products View" the
window. The figure shows the structure data of the image -format (HDF)- which includes
metadata information, the flags, the grid information and physical information bands of
L2 MERIS sensor’s marine products. By double clicking on one of the bands or products
-in this example it is the suspended matter in the water "total_susp"- a viewer is opened

with the selected data.
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At the bottom left, we see two tabs, the navigation tab and another one called "Color

Manipulation" which allows coloring the images in an easy way.
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Another simple way to load images in SeaDAS is by dragging an image to "Products
View". In our example, we may drag the Maspalomas WV” image reprojected. To view it
in RGB, right click and we will see the "Open RGB image View", where a window for
selecting the RGB bands turns up. After selecting the channel and press OK, a new

viewer with the RGB image pops up.

i SeaDAS - Select RGB-Image Channels (3w
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A very useful option to access NASA oceanographic data is to access via OPeNDAP.
This allows you to download products directly from the database. Here you are a link to
a database of NASA's Modis L3.

http://opendap.jpl.nasa.gov/opendap/allData/modis/L3/aqua/catalog.xml

.

By selecting the "File" menu - "OPeNDAP Access", we see the following interface. For
downloading meteorological products, select the file and click download.
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Total size of currently selected files: 5,85 MB

Another interesting use of this tool is to export an image or oceanographic product in a
standard format, such as geotif. To perform this task, select the "File" menu - "Export
Raster Data" - "GeoTiff", which brings up a window where you must enter the path of
the file to be generated. However, you should previously press "Subset..." which will
bring up another window configuration. In "Spatial Subset”, select the area you want to
save. In "Band Subset", select bands or products -in this example total_susp. In
"Tie-Point Grid Subset", additional product information may be selected. Finally in the

"Metadata Subset", the Metadata to be stored in the geotiff can be selected.

Once everything is configured, press the OK button, and the image with the areas and

the selected products are generated.
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Elementos J6SV-11 . mas_wv2_09_reprojected.data | vaug
redentes blur MER_OAG VCA,
. CATAPULTTTT . MER_text 24 Equi
| CImg | MERIS_PRO [#9 Goo
| Esoitorio | . Clmg_OAG_F1 . modisssssss 2 IMA
. Clmg_OAG_F2_VD . modtran || mas.
f‘ . CImg_OAG_V0 . Monteverdi_gjemplos || mod
| Clmg_OAG V1 MS_cubica
docup:linms . Ejemplos . OTB-Data-06ecd8ld72fd
. fitting . PanoplyWina4
h . Fusion . Quickbird_Las Palmas_24may03
[b-m . IKONOS_Sur_1feb00 J 5011001724001
Equipo imas_Modis telecan
a | 1 | r

Export Product

88 Specify Product Subset =5 | & specity Product Subset ==
Spatial Subset | Band Subset | Tie-Point Grid Subset | Metadata Subset| Spatial Subset | Band Subset | Tie-Point Grid Subset | Metadata Subset|
[ refiec_10 Nomalized surface reflectance, band 10 "
| Coordinates ,—‘GM Coordnates [ reflec_12 Nomialized surface reflectance, band 12
N [ reflec_13. Nomalized surface reflectance, band 13
Scene start X: 1770 =
B g 0= [[] refiec_14. Nomalized surface reflectance, band 14
Scene end X: e [F] wates_vapour Wister vapour content T
Seene end ¥: a230= [] algal_1 Chiorophyli 1 content
= [[] algal_2 Chiorophytl 2 content =
Scene step X: 1%
[F] yellow_subs Yellow substance
Scene step Y: 15
7] fotal_susd Total suspended matter
Subset scene width: 2551.0 I
Subset scene height: 20410 [C] photesyn_rad Photosyntheticslly sctive radistion
Source scene width: 481 [C] toa_veg MGVI- MERIS giobal vegetation index
Source scene height: 4353
[F] boa_veg MTCI - MERIS terrestrial chiorophyil index
[ Fisc ful width
[F] rect_refi_red Rectified refiectance in & red band
[ Fisc full eight e s ; - -
il [Fselectal [ Selectnone
Estimated, raw storage size: 59.8M Estimated, raw storage size: 1.4M

B Specify Product Subset [ | B8 Specify Product Subset ==
Spatial Subset | Band Subset | Tie-Point Grid Subset | Metadata Subset \ Spatial Subset | Band Subset | Tie-Point Grid Subset | Metadata Subset
Iatitude Latitude of the tie points (WGS-84), positive N <

Longitude of the tie points (WGS-84), Graenwich crigin, positive £

Digitsi elevation model alfifude

dem_rough  Digitsl elevation model roughness uslity ADS

lat_corm Digitsi elevation model lstitude comections caling_Fsctor GADS

lon_corm Digitsi elevation model longifude somections ie_points_ADS

m

sun_zenith  Sun zenith angle
sun_azimuth  Sun azimuth angies
view_zenith  Viewing zenith angles

view_szimuth Viewing azimuth angies

zonsl_wind  Zonal wind L4
mesid_wind  Meridional wind

stm_press  Mesn sea fevel pressure

Selectall [7] Select none

Selectall [7] Select none

Estimated, raw storage size: 1.4M Estimated, raw storage size: 1.4M
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2.4. ENVI

The "ENvironment for Visualizing Images" (ENVI) is an advance software for processing
and analyzing space remote sensing images. It is one of the most widely used in the
professional world for remote sensing image processing. It allows processing multiple
types of satellite images and data, performing atmospheric corrections, image fusion,
transformations, filters, geometric processing, classification, etc. The latest version of
the program is 5, which improves its graphical interface, being more friendly than the
previous versions. However, in the next practical examples, we will show version 4,

which although it has a less intuitive interface, it retains the full potential of the tool.

Oenvisy o | E

File Basic Tools Classification Transform Filter Spectral Map Vector Topographic: Radar Window Help

~

{3 #1 (R:TM Band 3,G:TM Band 2,8:TM Band 1):bhtm... | = || @ || % | | & AvailsbleBandsList | o || @ |[ &
File Overlsay Enhance Tools Window File Options
; - RS Wi \ = fi§) bhtmref img
e —~ ¢ o TM Band 1(0.4850)
o TM Band 2 (0.5600)
5 TM Band 3 (0.6600)
o TM Band 4 (0.8300)
o TM Band 5 (1.6500)
o TM Band 7(2.2150)
# @ Map fo
=1 (@] bhdemsub img
o DEM Bevation
©-@ Map info

[ Gray Scale  © RGB Color

@R TMBand 3 (0.6600)bhimref mg
G TMBand 2 (0.5600) bhtmref img

g  TMBand 1(0.4850)bhtmref img

:b«u 512x 512 (Byte) [BSQ]
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O ENVI FUNDAMENTALS

The basic use of ENVI program does not differ much from the previous program. The
first menu option "File" provides all kinds of tools to open, save, and export images.
Although you can use the generic option screen opening "Open Image File", it is better
to use the "Open External File" because it has pre-configured the options and formats
from a multitude of satellites and sensors. The figure shows the dropdown "Open Image

File" menu to open an image.

O EnviaT =N =R

File | Basic Tools Classification  Transform  Filter  Spectral Map Vector Topographic Radar Window Help

B Open Image File

Open Vector File

Open Remote File

Open External File 3 Landsat 3

Open Previous File 3 SPOT 3

Launch ENVI Zoom IKONOS g
QuickBird 3

Edit ENVI Header WorldView »

Generate Test Data OrbView-3 4

Data Viewer GeoEye-1 L

Save File As 4 RS '
AVHRR 3

Import from DL Variable SeaWiFs »

Export to IDL Variable EOS »

Compile IDL Module EROS b

IDL CPU Parameters ENVISAT »

Tape Utilities v D '
CARTOSAT-1 3

Scan Directory List ADSAO

Change Output Directory ATSR

Save Session to Script DMSP (NOAA)

Execute Startup Script FORMOSAT-2

Restore Display Group KOMPSAT-2

EMNVI Queue Manager BopREE

ENVI Log Manager Thermal L4

Close All Files Eacal '
Military 4

P S Digital Elevation ’

Exit USGS »
LAS LIDAR 3
1P Software 3
Generic Formats 3

In this example we will open a SPOT image, in this case go to option and select SPOT
"GeoSPOT", since it is stored in a geotiff image. At that moment, a window for selecting
the file path turns up. Once it is selected, another window with the available bands will
appear. Since it is a multispectral image, we will set the RGB image display. In order to

do this, click on "RGB Color" and on the bands that we want to select as a red, green
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and blue (1, 2, 3) Channel. Finally, click the "Load RGB" button. As a result, the ENVI
display will appear. We can observe a strange color setting, where the vegetation zone
has a reddish color. This is because the sensor does not have the Blue channel -green,

red, near infrared and mid-infrared-, so you are representing GR-NIR.

O envia =

File Basic Tools Classification Transform Filter Spectral Map Vector Topographic Radar Window Help

~

) =1 (R:Band 1,G:Band 2,B:Band 3):IMAGERY.TIF (o [@ ]| O AvailableBandsList | o |[@ ][ =
File Enhance Tools Window File Options

= IMAGERY.TIF
) Band 1

Overlay

") Gray Scale  © RGB Color

@ R Band LIMAGERY.TIF
G  Band 2IMAGERY.TIF

9B Band 3:IMAGERY.TIF

Iom 8611 x 7691 (Byte) (BSQ] J

== :" Despy 1|
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We can observe the presence of 3 viewers, the main one, a navigation viewer that
displays the entire image, and a zoom [x4] viewer. Furthermore, we observe that once
the image is loaded, the list of images’ menu is linked to the viewers by the bottom
button "Display # 1", which corresponds to the numbering of the Viewer windows. If you
want to load a new image, you need to create a new display in the "Available Bands
List".

In the main viewer, there is also a top menu with multiple options. Under "File" you may
modify display preferences. You may save in the disk or print what is displayed in the
viewfinder. In "Overlay", among other options, you may enter grid lines, areas of interest
and vector data. The menu "Enhance" provides options such as "stretching”, "Histogram
Matching" and filtering. "Tools" provides multiple options, such as how to link viewers to
visualize the same areas. You may also create regions of interest ROI or color
grayscale images, window location and value of the pixels, etc. The "Window" menu
manage viewers and perform actions such as creating a new viewer and locking it,

presenting information in the image, etc.

Another ENVI’s basic utility is the "Save file as" (see figure) that allows to save to disk
or open images processed by this program. In this menu we can choose a variety of
image formats such as ENVI, ArcGIS, ERDAS, JPEG2000, GeoTIFF, etc. Once the
format is selected -e.g. geotiff format- a selection window will appear allowing you to
choose the data open in the program. In this interface, you may select the subset of the
image space using "Spatial Subset”, where you may select a specific area of the image.
by introducing x-y points or by ROI. By clicking on "Spectral Subset", a window pops up

where you can select the bands that you want to keep.
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@ Output to TIFF/GeoTIFF Input Filename @

Select Input File: File Information:

File: C:\Users‘modis\Desktop\CURSO_sjemplos'sg

Dims: 8611 7697 x 4 [B5Q]

Size: [Byte] 265,155,294 bytes.

File Type : TIFF

Sensor Type: Unknown

Byte Order : Host (Intel)

Projection : UTM, Zone 28 Maorth
Poeel 10 Meters
Datum : WiE5-84

Wavelength : None

Upper Left Comer: 1,1

Description: GEQ-TIFF File Imported

into ENVI [Fri May 10 10:07.04

2013
| (Spati Supset | FullScene [seect oy Fie  at
e |
[0k (Goes ][ 7o | opeme]
@ File Spectral Subset @
{5 Select Spatial Subset (=)
T Select Bands to Subset
Dims: ST 7691 (el Band 1:IMAGERY.TIF

Band Z:IMAGERY . TIF

Samples To 8611 NS 8611

Band 3:IMAGERY . TIF
Lines 1 To 7691 |NL 7651 Band 4:IMAGERY . TIF

Full Size : 66,227,201 bytes
Subset Size: 66,227 201 bytes

Subset Using

= Mumber of tems selected: 4
Sl = [Add Range | [ Select Al | [ Clear | [ Import ASCII..

(st v | ven]|

l oK ][Cancel] [F‘reviuus]

The "Basic Tools" menu contains a variety of useful functions for image manipulation,
being the most outstanding the options for resizing images, cropping areas, changing
the resolution of the pixels, image rotation, changing the storage format of the
information -Interleave: BSQ, BIL, BIP. It also has statistics and measurement tools,
image segmentation tools, mosaics, masks, etc. It allows to perform mathematical
operations between bands. At the end of the list you find the option "Preprocessing”,
where there are tools for image calibration -obtaining radiance and reflectivity-,

atmospheric correction, and other types of corrections.
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Oy enviag = R[5

File[m] Classification  Transform  Filter Spectral Map Wector Topographic Radar  Window Help
Resize Data (Spatial/Spectral)
Subset Data via ROIs
Rotate/Flip Data

Layer Stacking

Convert Data (BS(Q, BIL, BIP)
Stretch Data

Statistics 4
Spatial Statistics 3
Change Detection 3
Measurement Tool

Band Math

Spectral Math

Segmentation Image

Region Of Interest k
Muosaicking 3
Masking 3
Preprocessing 3
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3.1. INTRODUCTION

This practice is an introduction to the most common treatments performed with space
remote sensing images. We will use Monteverdi, ENVI and SeaDAS. In the first part of
this practice, we will see the different utilities that allow the realization of radiometric,
atmospheric and geometric corrections, while in the second part, we will carry out
processed oriented to the classification of different covers on an high resolution satellite

image.

3.2. REMOTE SENSING IMAGES CORRECTIONS

Radiometric, atmospheric and geometric correction are the most important
preprocessed remote sensing, designed to get the correct values of the energy reflected

or emitted on any point of the Earth's surface.

Radiometric and atmospheric corrections -also called calibrated images- are a critical
step in the processing of remote sensing images in the optical domain. The calibration
allows obtaining a physical parameter independent of lighting conditions and even
atmospheric conditions, allowing for example to work with images taken in different
dates to detect changes.

The geographic information management of remote sensing data is another point of
great importance. Thanks to the geographical information contained in remote sensing
data, images may be superimposed and their values may be compared. This requires
using the same images projection models. Images must be registered to each other,

which allows the images points to match properly.
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In the next sections, we present practical cases of these corrections for each one of the
software tools described above (Monterverdi, ENVI and SeaDAS).

O MONTEVERDI

"Calibration"-> "Optical calibration" is Monteverdi’s main menu. It allows the calibration
of high and very high resolution images (IKONOS-2, SPOT4-5, QuickBird, WorldView2
and Formosat2). The calibration results in a luminance or radiance image, another high
reflectivity of the atmosphere TOA image, another surface reflectivity TOC image, and a
difference TOA-TOC image.

After selecting the option "Optical calibration" a "Set input" window pops up where you
have to select the image you want to edit (e.g. WorldView-2 satellite). It is _very

important to check that this image is together with the metadata file that contains the

necessary information to make corrections. For this reason, you have to make sure that
the file name has not been modified from the original data and no metadata has been

removed. Once OK is pressed, the calculation of the atmospheric correction using the

6S atmospheric model will be performed (Second Simulation of a Satellite Signal in the
Solar Spectrum), which may last a few seconds. Once the calculation is complete, the

following "Optical calibration module" window will pop up.
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r -
+ onic cttion notie S =
Menu Atmospheric parameters
Solar zenithal angle : 50.8 _
Correction parameters |(Radiative terms | | Solar azimutal angle : 167
Viewing zenithal angle: 4.1
Viewing azimatal angle: 111
Aerosol model |MARITIME w| ||vonth : 12
Day : 1
Atmospheric pressure 1030
Ozone amoum:} Water vapor amount 2.5
Qzone amount H ]
Lerosol model : 0
Lerosol optical : 0.2
AImo. pressure |1030.0 Filter function values:
gt_';_annel 1: o o -
1] |»
Aerosol thickness |0.1385 —
Radiative terms
& channels: _
A Channel 0 :
Water amount|2.5000 Intrinsic Atmospheric Reflectance : 0.0583729
Shperical Albedo of the Atmosphere : 0.082017
Total Gaseous Transmission : 0.925273
Aeronet file Atmosphere Downward Transmittance : 0.896219
[ ] Atmosphere Upward Transmittance 1 0.928573
Upward Diffuse Transmittance : 0.0822912
Upward Direct Transmittance : 0.868282
Rayleigh Upward Diffuse Transmittance : 0.0730747
i i Reroscls Upward Diffuse Transmittance : O
Spectral sensitivity file Wavelength . 0.85
]E] Chgnneq. 1.: ) i o .
4] [»
Update 17*1000 [Sa\re!Quit] [ Cancel ]

The type of aerosol that exists in this area (coastal, continental, desert, etc.) is
configured in this module, and it is very important to introduce the optical thickness

(Aerosol thickness) of the atmosphere. This data is available at:

http://disc.sci.gsfc.nasa.gov/giovanni/overview/index.html #

The result of the correction value can be improved by entering the ozone value and the
atmospheric profile obtained by Aeronet system weather balloons. This data can be

found at;

http://www.weather.uwyo.edu/upperair/sounding.html, ftp://ftpdatos.aemet.es/ozono/

It is advisable to provide the module with spectral sensitivity data of the satellite bands
to complete the configuration. These spectral sensitivity data are provided by the
companies managing the satellites. Once all this is configured, click "Save / Quit" to

generate luminance calibrated images, TOA reflectivity and TOC.
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http://disc.sci.gsfc.nasa.gov/giovanni/overview/index.html
http://www.weather.uwyo.edu/upperair/sounding.html
ftp://ftpdatos.aemet.es/ozono/

The following figure shows the main interface with the optical calibration results
(luminance, TOA, TOC and TOA-TOC), and the TOC surface reflectivity image
atmospherically corrected with data values between 0 and 1.

¥ [OpticalCalibration1] TOC image.

|

File Visualization Calibration Filtering SAR Leaming Geomety ?
B E! 11DEC01121136-M2A 5-052615548010_01_P001

¥ Informations

| 11DEC01121136-M2AS-052615548010_01_P001 (band 1)

1 _01_P001 (band 2)
7| 11DEC01121136-M2AS-052615548010_01_P001 (band 3)
#+| 11DEC01121136-M2AS-052615548010_01_P001 (band 4)
7| 11DEC01121136-M2AS-052615548010_01_P001 (band 5)
2

2

B

Navigation view
F

1 11DEC01121136-M2AS-052615548010_0

11DEC01121136-M2A5-052615548010_01_P001 (band 6)
11DEC01121136-M2A5-052615548010_01_P001 (band 7)
11DEC01121136-M2A5-052615548010_01_P001 (band 8)
(| 11DEC01121136-M2AS-052615548010_01_P001 (amplitude)
BE1<, OpticalCalibration1
& B Luminance image
1 | ToA image
7 W TOC image

[+d Informations I
H | TOC image (band 1) |
TOC image (band 2)
TOC image (band 3)
TOC image (band 4)
TOC image (band 5) f ks > . : ¥ d ¥ d © Paxeals
TOC image (band 6) Pixel information
TOC image (band 7) 0
TOC image (band 8)
[ | TOC image (amplitude)
= B Difference TOA-TOC image

Q Informations

E& Difference TOA-TOC image (band 1) -
4l 3

e - -

B
E

Histograms

A - -
e e

Monteverdi contains a few geometric correction utilities available in the main menu
"Geometry”, among which "Reproyect image", "Superimpose two images" and
"Homologous points extraction” are the most outstanding.

"Reproyect image" allows to modify the type of image projection. Once this option is
selected, a "set input" window will pop up and there the image to be reprojected can be
selected. Then the image is selected and the module "Projection” (see figure) pops up
where you set the options of the new projection. In "Output image" you may configure
the type of projection (UTM, LAMBERT2, WGS84, and EPSG). In "Input image" you can
see the georeferencing format of the input image. In "Settings", you may configure the
interpolation method used (linear, Nearest, BCO). Finally in "Quicklook", you can see a
preview of the reprojection. After pressing the button "Save / Quit", the reprojected

image is generated in the main interface.
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7| Projection [=] @ |[#23a]| 5] Projection =] @ |
 Outoutimage Inputimage | Sefings | Guickiook| | [ utout image et image | FEETERER) FemeR)
Map Projection ||UTr.| [~]

Qutput Origin cartographic coordinates uTH

Input cartographic coordinates

ChUser Defined Parameters € Upper-Left as output origin

& Centered Northern hemisphere ® £ Southern hemisphere
Map parameters Size X
2268 |
Zone (28 .
F‘I;zOY | [ Estimate Input RPC Madel
@  Northern hemisphere beo
Spacing X
& Southern hemisphere |2 |
Spacing Y
2 |
Save / Quit Save / Quit
= prjecin (=1 & ] - Pejection ==
] Output image | (inpaRimege | Settinos | [lickiook] i Outpurimgeﬁmﬁ[ouicmok']
Interpolaturlunear ﬂ

Interpolator parameters

DEM selection

€ Use DEM

@ Use average elevation

Elevation value |0

(W Preview Projected Image

‘save / Quit

Selecting "Superimpose two images" opens a "Set inputs" window (see figure) where
you have to select the image to be reprojected and the reference image. Pressing the
OK button, makes the "Open dataset" window pop up, where you set interpolation and
select the DEM elevation model, if available. Pressing the OK button generates the

reprojected image in the main interface.
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S | Open datset == ==
Image fo reproject = @ Use average elevation
[Outputimage ] (o g
Elevation value ID
Reference image for reprojection el
ve_wv2_1 — Use DR
Interpolator [Linear j
Interpolator parameters
E
Instance label
Superimposition3 )
S
EIEE K Cancel ok

The result of this simple operation is a reprojected image based on the projection of the

reference image.

Finally, selecting "Homologous points extraction" opens a "Set inputs" window where
you have to select the reference image (Fix) and moving image (Moving). Pressing the
OK button makes the "Homologous point extraction” module window pop up (see figure)
where there will see two groups of viewers with fixed and moving images. In Viewers
"Zoom", control points that are present in both images may be selected. They will be
added to the list of "Point List" by clicking on "Add". Once you have selected the control
points, select the processing method that allows calculating the displacement of the
moving image with respect to the fixed one (Translation, Affine and 2D similarity). We
also have to select the method of grinding the image (Rectify moving image,
Superimpose moving to fix). With the parameters set, press the "Evaluate" button to
obtain the displacement of the moving image with respect to the fixed. Moreover, we get
the error produced between the different control points to perform the transformation. To

finish, just press "Save / Quit" to save the result in the main interface.
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5| Homologous point extraction =8 =a ]

Scrol fix Point List Scroll moving

Transformation

Translation >

Transform value

[-1.8125, -3.29977]

Point errors

57, 442.259], error: 1.00089
36, 342.334], error: 0.671986
21, 196.443], error: 3.05296
18, 613.131], error: 3.20195

Full fix

K1 »
Mean square error
0.97282

Pixel values

@ Rectify moving image x1/511 512 X2

£ Superimpose moving to fix
s 2 vi[e11 614 v2

Save/Quit

O ENVI

ENVI provides calibration utilities for many optical sensors of remote sensing satellites.
Besides allowing to obtain the radiance or reflectivity TOA of the images, ENVI provides
atmospheric correction modules and allows simple correction using methods based on
extraction of dark pixels. In any case, FLAASH it the most widely used module to
perform atmospheric correction. It is based on the atmospheric model MODTRAN

(MODerate Resolution atmospheric TRANsSmission).

To perform the calibration and atmospheric correction, we can use a LADSAT 7 image
called LandsatTM_JasperRidge  HRF.FST.

Then go to "Basic Tools"-> "Preprocessing"-> "Utilities Calibration"-> "Landsat TM",
which displays a selection window of the image. Once we select the Landsat image, a
calibration window pops up (see figure), where you set the satellite type, time of image

acquisition, and solar elevation angle. This data is entered automatically by the
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program, since it get them from Metadata. If they were not available, we would have to
provide them. Finally, we select the radiance or TOA reflectivity calculation and the
output of the processed data. Select radiance, since it is the FLAASH algorithm's input

data, and store the result in memory.

&l TM Calibration Parameters E'

Landzat Satelite © 4 5 & ETM+7

[rata Acquizition kanth: m
[rata Acquizition Day : Iﬁ

[rata Acquizition vear ; Im

Sun Elevation [deg] : W

Calibration Type ™ Radiance  Reflectance

] | E!ueue| Eanu:el|

Next you need to make an adjustment of the physical units of the bands, since the
radiance obtained is in [W / (m ~ 2 * sr * nm)], while FLAASH requires data in [uW / (cm
A2 * sr* nm)]. Thus we have to apply the bands a correction factor of 10. To do this, go
to "Basic Tools"> "Band Math" and a window pops up where you introduce the
expression bl / 10.0. Press OK and the "Variables to Bands Pairings" window pops up.
Then select the band you want to divide by 10, e.g. band 1. Finally we set the path of
the output image JasperRidgeTM_radiance.img and click OK.
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r@ Eand Math @ﬂ @ Wariables to Bands Pairings @

Exp: b1/10
Previous Band Math Expressions: Variables used in expression:

b1/10

Available Bands List

EI@ [MemonyE] -~
TM Cal {Meta (Band 'I}:LandsatT|E|
TM Cal (Meta (Band 2):Landsat T
TM Cal {(Meta (Band 3):Landsat T
TM Cal {(Meta (Band 4):LandsatT
TM Cal (Meta (Band 5):.LandsatT

) o TM Cal {(Meta (Band 7):Landsat T
Entter an expression: B Man infn

4 | (1] | 2

u}

|Sa\re || Restore || Clear || Delete |

b1./10

[ Map YWarable to Input File ]

| Addto List | [ Spatial Subset | Full Scene

Output Result to @) File ) Memony

Erter Output Filename [] Compress

C A lsersimodis . Desktop " CURSO_ejemplostflaash’

| OK || Cancel || Help |

[ QK ][Queue][Cancel][Help] [Gear]

Next we prepare the image for atmospheric correction. To do this we must change the
interleave, since for spectral processing it is better to use BIP or BIL formats instead of
BSQ, which is usually the default format used in the images. If you go to "Basic
Tools"-> "Convert Data (BSQ, BIL, BIP)", a window pops up and allows you to select
the image you want to process. Once it is selected, the following window pops up,
where you select the interleave type you wish to select. Select YES in the "Convert In

Place" option to modify it in the same image.
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Input Interleave: BSO

Dutput Irterleave: & BIL © BIP

Conwvert |n Place ?[es ﬂ

Ok | I:!ueue| Eancel|

In this way we have created an image of radiance (band 1) configured correctly for the
input format FLAASH. Then proceed to run the "Basic Tools"-> "Preprocessing" -
"Utilities Calibration” - "FLAASH" module, where the following window pops up.

Input Radiance Image "

Output Reflectance File "

Output Directony for FLAASH Files "C:‘\F‘mgmm Files (861 TTHIDL70Mib hoaok

Rootname for FLAASH Files I

Soene Center Locaion DD <>DMS | Sensor Type UNKNOWN-Hsi | it Date
- - IZﬂﬂﬂ g
= I{II I{II Iﬂ'-ﬂ'[II Sensor Alttude (km) Iﬂ_ﬂ-l]-l]- I‘JE"-I —I I-I —I
Flight Time GMT (HH:MM.SS
Lon I{II Iﬂ' |'|:|'-'|:|'[|I Ground Hlevation fkm) I - ( )

oy PSP P

Atmospheric Modsl ITrcpiu:aI j Aerosol Model IHumI vI Spectral Polishing IY'35 l_TI
Water Retrieval [Yes 11| Aerosol Retrieval [2Band (T) =] i {umber of bands) B

Wavelength Recalibrati IN
Water Absorption Feature |1'|35nm vI Initial Visibility {cm) [40.00 s alioration |5 ﬂ

Apphy | Cancel | Help | Hyperspectral Settings... | Advanced Settings. .. | Save... | Restore. .. |
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For configurating it:

1.

Press the "Input Radiance Image" button and select the image radiance. When
the "Radiance Scale Factors" image dialog pops up, choose "Use Single scale
factor for all bands". Since the units are correctly formatted, enter the value 1. If
you had not done previously, you would have to enter a factor of 10.

Press the button "Output Reflectance File" and enter the path of the corrected
image.

Press the button "Output Directory for FLAASH Files" to save the files needed to
make the correction.

Introduce the root to the generated files in "RootName for FLAASH File".

5. Press the button "Restore..." where you can select the file with the configuration
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data required for the atmospheric correction of the image
(JasperRidgeTM_template.txt). This will fill the geometric parameters of the
satellite angle and sun, as well as the atmospheric settings and aerosols.

Press "Multispectral Settings" to see the functions of the filters of the bands. The
bands used to calculate water vapor are not set because the satellite does not
have bands that can be used for this purpose. For this reason, the "Water
Retrieval" interface option indicates "No". In the same way, "Kaufman-Tanre

Aerosol Retrieval" can be useful to see which bands have been used.

. Finally, press "Apply" for atmospheric correction. The process may take a few

seconds as you have to run the MODTRAN atmospheric model. Once the
implementation finishes, the TOC surface reflectivity image in integer format (0-
10000) is generated.
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The following figure shows the corrected image JasperRidgeTM with surface reflectivity
values between (0-10000). See the spectral profile that represents the value of the pixel

channels selected by the cursor.

£ #1 (RFLAASH (TM Cal (Meta (Band 3)LandsatTh_... 5= o= i S Q CursarLocation / Value == % |
File Overlay En [ Fite Options

Disp #1(289,399) Sem: R:3G:15B:19
| Projection: UTM, Zone 10 North

Map: 560160.00E,4146480.00N Meters
LL : 37°2747.65"N., 122°19'10.99"W

[|)| Data: R:150 G:275 B:191

ENVI provides geometric correction utilities in the "Map" menu. In this menu, you can
find modules for georeferencing multiple remote sensing satellite sensors. You can also
find orthorectification modules, mosaic and registered. While georeferencing and
orthorectification modules are used in the lowest levels of image processing, the
registrant is a useful function when you want to compare images of the same

geographical area.
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To use the registered module of ENVI, first you have to open in the viewers the two
images that you will use for registration -in our example Maspalomas WV2 images.
Then go to "Map"—> "Registration” > "Select GCPs: Image to Image”. A display base
dialog selection (in the example, we selected the image of 2009) pops up and also the

Display to modify the image ("Warp") (image of the year 2013).

Press OK to display the manager to select the ground control points GCPs. Mark the
control points in both viewers with a double click. In the "Options" menu, you can find
the option "Automatically Generate Tie Points..." where the module selects control
points automatically. This system cannot usually provide optimum results. For this
reason, many times, you will have to it manually. Select each control point in both
displays and then press "Add Point" to add the item to the list. After selecting enough
points to make the registered list, select "Save GCPs to ASCII..." to save in the disk the
list of points. The figure shows the viewers with the selection and the list of points that

must be stored on disk.

s — ™
[ Image to Image Registration @‘ Ground Control Points Selection Elﬁlﬂ
= — Y

Select displays containing images: File Options Help
Base Image Wamp Image
Display #1 Base ¥ 201.00 - 200,00 & |[Degee 1 = |
CECT M Dspisy 2
Wamp ¥ 201.00 a vy 200.00 —
Selected ltem: Selected ltem:
Display #2 Display #1 Add Point | Number of Selected Poirts: 0| Predict

; RMS Eror: N/A
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File Basic Tools Classification Transform Filter Spectral Map Vector Topographic Radar Window Help
. : - __—J
CEmrTER )

File Options Tools  Window

; Base X | BaseY | Wap X | Wap Y | Predict X | Predict Y | EmorX | EmorY | RMS | ] I )
Al 344 .00 209.00 338.00 199.00 1 341.3675 208.8164 |3.3675 9.8164 10.3780 -

#2. 20600 500 20400 |7.00 2026500 55439 -1.3500 |-1.4561 |1.9856 | [ |

 #3. |4000 (7500 (3500 |7700 351789 |75.0123 |0.1789 |-1.9877 |1.9958

" HA+ |44600 |440.00 |44400 |44200 |4435194 |440.4202 | 04806 |-15798 |1.6513
#5. |561.00 45000 |561.00 45200 |559.2395 4517745 -1.7605 |-0.2255 |1.7749

 #6+ (68100 51500 |681.00 |519.00 679.7755 |518.6828 |-1.2245 |-0.3172 |1.2649
H7- |52500 (50100 51800 50000 522.8504 5025067 4.8504 25067 5.4599

 #3. 66600 12800 |666.00 |131.00 |666.1063 |128.6643 |0.1063 |-2.3357 |2.3381
#9+ |530.00 (22900 (53000 (23100 |528.7160 229.7098 -1.2840 -1.2902 1.8202

" #10- [32800 (51000 (32700 (51200 |3245964 508.8690 |-24036 |-3.1310 |3.9472

<« [ ’

[HideLjst]l

|(Goto ) (0wt ) (Delete [ Upsete |

Once you have the control points for registration, perform the operation using the menu

"Map"-> "Registration” > "Warp from GCPs: Image to Image". After selecting the menu

option, a file selection dialog GCPs points pops up. There select the image to be

modified, and then the reference image.
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Select Input File: File Information: Select Input File: File Information: l
File: C:\Lisers\javier\Desktop\CURSO_sjemplos\W mas_wv2_13tf File: C:\Usere\javier\Desktop\CURSO._sjemplos\W
mas_wv2_05 tf Dims: 1005 x 845 8 [EIP] Dims: 1006 x 845 8 [EIP] -
Size: [Floating Poirt] 33,555,999 bytes. Size: [Floating Point] 33.555,999 bytes.
Ele Typ_T_ THEJFKH File Type : TIFF
ensor Type: Unknown Sensor Type: Unknown
Byte Order : Host {Intel) Byte Ordeyrp' Haost (Intel)
Frojection : UTM, Zone 28 North Prajection : UTM, Zone 28 North
Pocel : 2001652 Meters Picel :2.000155 Meters
Datum  : WGS-84 Datum : WGS-84
Wavelength : None Wavelength : None
Upper Left Comer: 1,1 Upper Left Comer: 1,1
Description: GEO-TIFF File Imported Description: GEO-T\#F File Imported
inta ENVI [Sun May 12 19:41:39 inta ENVI [éun May 12 19:39:49
3 2013

| Full Scens ||5e|ed By File 1_1”
| e w0 |
| Frevious | || Open | | | SETE _I('.hm' |

Once the selection of images is finished, a configuration window for the registered
parameters pops up. You can select the method to deform the image to adjust it to the
control points, such as the "Polynomial”. You can also select the interpolation method,
for example, "Bilinear". Once it is configured, press the Ok button to generate the

registered image.

Registration Parameters [ =)
i

— Warp Parameters

o 13

Background 0.0000

— Output Image Edent
Upper Left X &

Output Samples 1000

s
Upper Left Y 0 e
s

Qutput Lines 855 j

Output Resultto (©) File @) Memory

[C0x ) (oume ) [caros )|

Finally we can compare the result by linking together the reference and the registered

image.
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The mosaic module "Map" - "Mosaicking" - "Georeferenced" provides the utility to
generate mosaics using georeferenced images. We are going to use the images WV2
to show it. Once the module is selected, a window "Map Based Mosaic" pops up. In this
window, the mosaic is generated. Go to "Import" and select the 2009 and 2013 images.
After a few seconds, a mosaic with the two images will be generated. The two regions
are displayed separately by green and red edges. The two images overlap in the center
prevailing the green edge image. Once the mosaic is generated, it can be saved to the
disk.
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@ Mosaic 1475 x 1902 (UTM, Zone 28N [WG[ ':“’l"@“‘i_‘&_J

File Import Options Help

O SEADAS

SeaDAS allows reprojection of images accessing the menu "Tools"-> "Reprojection...".
After the selection, a configuration window pops up to configure the parameters of the
reprojection. In "Projection Parameters” the projection type may be set -geographic
WGS84 by default- and it allows setting the interpolation method. The output data type
and path is set in "I / O Parameter. Once the image is reprojected, which can take

several minutes, the new image is stored on disk and accessible for viewing.
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E Repraojection

= Reprojection
File Help File Help
1/O Parameters | Reprojection Parameters | 1/0 Parameters | Reprojection Parameters

Coordinate Reference System (CRS) Source Product

MName:
|[1] MER_FRS_2PNPDE20111201_113538_000001913109_00138_51014 24.. w [..]

Geodetic datum: |Waorld Geodetic System 1984
Projection: Geoaraphic Lat/Lon (WGS 84) - Target Product
MName:

Projection Parameters. .
R_FRS_2PNPDE20111201_113538_000001913105_00138_51014_2414.N1_reprojected

(@) Predefined CRS Select... Save as: [BEAMDIMAP |
() Use CRS of Directory:
C:\Users'modis\Desktop E
Output Settings
/] Open in SeaDAS
Preserve resolution Reproject tie-point grids =
Output Parameters... No-data value: Nal

[ Add deltz lat/lon bands Resampling method: |Mearest -

Qutput Information

Scene width: 4813 pixel Center longitude: 17°2354" W

Scene height: 4354 pixel Center latitude: 31°3825"N

CRS: WESE4(DD) Shaw WKT

& 121 1otalsusp - [ \modis\Desktop\MER_FRS_2PNPDEATIT1201 113538 000001913109 00138 51014 2418 N1 treprojected dim - [Session not saved] - SeaDAS 7.0
File Edit View Analysis Tools Window Help
RalE |50 #0 2B8E04CY Wl ABEZRT2MUOTA
= brodct v or

0 sero_cot_thx_ss0
0 ero_opt thk 865
sbedo

990d BOOWY /i a Al v

Edtor: @ Basc ) Siders () Table ooy |
e omm- 28
= = & &
0.039666 0.383m3% o 753
Gomapex | [ Demmabex|
£ More Optins (2]
e '@ Colour Mot

2 totel_sump - wGS34D0) o pos. 1:5316 Tamofom | ®
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3.3. REMOTE SENSING IMAGES THEMATIC CLASSIFICATION

Classification is an important step, since it allows to generate a thematic map with the

classes of interest from the numerical data of the spectral bands.

Next, we use ENVI and Monteverdi softwares to generate a classified image with a
supervised and an unsupervised method. SEADAS does not allow making

classifications.

d ENVI

e Supervised Classification Process

In the supervised classification, the user selects training areas. These training areas are
defined as groups of pixels that represent a homogeneous area or material that will be
associated with a class. Regions of interest (ROIs) are used in ENVI to create the
training areas. Also, you can ensure separation of classes to avoid overlap between

them by representing them on a n-dimensional (nD Visualizer) map.

ENVI has implemented a variety of classification algorithms, as we can see in the
following figure. In this practice we will focus on the Maximum Likelihood algorithm,
because it provides one of the best results. Maximum Likelihood classifier assumes that
the statistics for each class in each band are normally distributed and calculates the
probability that a pixel belongs to a specific class. Unless you select a threshold, all
pixels are classified. Each pixel is assigned to the class with the highest probability. If

Maximum Likelihood is less than the specified threshold, the pixel is not classified.
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O ENVIAT o | B |

|Fi|e Basic Tools [Crassi'l'ication] Transform  Filter Spectral Map Vecter Topographic Radar Window Help |

Supervised 4 Parallelepiped

Unsupervised 2 Minimum Distance

Decision Tree 3 Mahalanchis Distance
Endmember Collection Maxirnum Likelihood

Create Class Image from ROIs Spectral Angle Mapper

Post Classification 5 Spectral Information Divergence

Binary Encoding

Meural Met
Support Vector Machine

Before applying the classifier, it is necessary to create the regions of interest that we are
going to associate to the classes that we want to get to the output of the classifier.
Select Tool -> Region of interest -> ROI Tool.. and add the different classes, assigning

a name and color, to be easy to identify them in the classified image.

{ —
@ #1 (RBand 5,G:Band 38:8and 2w 2mul_mas2009_ =2 L ) & #1 ROk Too! = @ = )
Fde Overlay fWM( Window Fde ROLType Options  Help
Link » 2
Window Image Sool  © Zoom o
Profiles ’ owd
RO Name Color Pocels P\
Polarzation Signatures ’ |'-'€9t< Gt 1559 1 89 .
Region Of Interest 2 ROI Tool... | [suslodesndo Oanger 1091 21109
{= %
Color Mapping ’ Restore Saved ROI File [ = |umans [Red kX 4132
Cursor LocationValue... Save ROIs te File
Pael Locator.. Defete ROIs... -
. '
Point Collection... Export ROIs to EVF... )
oo Export ROIs to n-D Visualizer || New Regen | ||| Geto || Delete Part
pleseen. Jooks Output ROIs to ASCE.., —_— — —
Line of Sight Calculator... || Stats || Geow || Posnd || Delete ROM ||
Reconcde ROks... : -
[ ; 1
ol Pliet Edhor- Reconcile ROk vis map. | Select A8 | | [ ide RO
Spectral Puel Editor.. — —A — ~ ]
AAmAtion.L. Band Thresheld to ROL.. /
20 Scatter Plots... Create Class Image from ROLs...
Create Buffer Zone from ROIs..
30 SurfaceView...
~. » Compute ROl Separabilty
Outil Bathymétne... -
5 £ Scro¥l (0.10622)
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Once we have chosen several regions of interest for each class, we can make a

separability analysis, as shown in the following figure. It returns the Jeffries-Matusita

indexes and Transformed Divergence that measure the statistical independence of the

pairs of ROIs. They have a range that goes from [0 2]. Values greater than 1.9 indicate

good separability. For values less than 1,it is recommended to combine both classes.

¥ #1 ROl Tool

= | B |-

File ROLType [Options | Help

Window: () Imag

RO| Name

Vegetacion
Suelo desnu
Pizcinas
Mar

<

Calculate Covariance with Stats

Measurement Report...

Report Area of ROIs...

Merge Regions...

Intersect Regions...

Reconcile ROIz...

Reconcile ROIs via Map...

Band Threshold to ROL..
Create Class Image from ROIs...
Create Buffer Zone from ROIs...

Compute ROI Separability...

Hide Window

) ROI Separability Report

=

File

Vegstacion [Greenl] 2331 points
Suslo desnudo [Orangsi] 2377 points: (1 93999995 2 00000000)
Urbana [Red] 731 points: (1. 98347087 2 00000000)

Fiscinas [Cyan] 165 points: (2 00000000 2 00000000)
Var [Blus] 2663 points: (2 00000000 2.00000000)

Suelo desnudo [Orangel] 2977 points
Vegetacion [Greenl] 2331 points: (1.99999395 2.00000000)
Urbana [Red] 731 points: (1.99157914 2.00000000)
Piscinas [Cyan] 165 points: (2.00000000 2.00000000)

Har [Blue] 2663 points: (2.00000000 2.00000000)

Urbana [Red] 731 points:
Vegetacion [Greenl] 2331 points: (1.98947087 2.00000000)
Suelo desnudo [Orangel] 2977 points: (1.93157914 2.00000000)
Piscinas [Cyan] 165 points: (1.99993961 2.00000000)
Har [Blue] 2663 points: (1.99998775 2.00000000)

Piscinas [Cyan] 165 points
Vegetacion [Greenl] 2331 points: (2.00000000 2.00000000)
Suelo desnudo [Orangel] 2977 points: (2.00000000 2.00000000)
Urbana [Red] 731 points: (1.99999961 2.00000000)
Har [Blue] 2663 points: (2.00000000 2.00000000)

Mar [Blue] 2663 points
Vegetacion [Greenl] 2331 points: (2.00000000 2.00000000)
Suelo desnudo [Orangel] 2977 points: (2.00000000 2.00000000)
Urbana [Red] 731 points: (1.99998775 2.00000000)
Piscinas [Cyan] 165 points: (2.00000000 2.00000000)

Pair Separation (lesst to most):

Vegetacion [Greenl] 2331 points and Urbans [Red] 731 points - 198947087

Suelo desnudo [Orangel] 2977 points and Urbana [Red] 731 points - 199157914

Urbana [Red] 731 points and Mar [Blue] 2663 points - 1.99998775

Urbana [Red] 731 points and Piscinas [Cyan] 165 points - 1.99999961

Vegetacion [Greenl] 2331 points and Suelo desnudo [Orangel] 2977 points - 1.99999995

¢

m

In the case shown above all classes have a good separability.

In addition, we also have the option of performing a statistical analysis of the classes.

The information of ENVI is shown in the figure. We can obtain the spectral response of

each of the classes created.
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[ ROI Statistics Results: wv2mul_mas2009.tif EE

File Opticns

Stats for Viegekackn [Geeend] 2331 ponis ~

Sedect Pl +| [ Clear Plot |

Ol Means: |

Band Mumber

Filenane: C: ~Users~OuickBird-Desktop~TELECAN-2013~Entregables~Cur: «
ROI: Vegetacion [Greenl] 2331 points

Ba=zic Stats Hin Max Mean Stdew

Band 1 0.023020 0.06£943 0.038109 0.007075

Band 2 0.028983 0.104801 0.050074 0.010154

Band 3 0.024352 0.125163 0.0A4860 0.022901

Band 4 0.020208 0.115342 0.057988 0.021043

Band 5 0.016004 0.122617 0.048890 0.018e670

Band 6 0.036141 0.332868 0.162141 0.081302

Band 7 0.048483 0.567021 0.289790 0.139883

Band 8 0.041224 0.560835 0.292581 0.144107
Histogram DH Hpts Total Fercent Acc Pct
Band 1 0.0230z20 3 3 n.1287 n.1287
Bin=0.00015 0.0231%76 0 3 0.ooon 0.1287

0.023333 0 3 0.ooon 0.1287% -

14 I

The next step is to save the ROIs to proceed to use them in the classifier. Close the
window and select ROIs Tool on the Overlay-> Classification main menu. The following
window pops up. As we can see, it allows limiting the classification to an area or specific

bands. You can also add a mask to indicate pixels that are not used by the classifier.
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g‘ Classification Input File ﬁ

Select Input File: File Information:
wvZmul_mas2003 it File: C:\Users"\Quick Bird\Desktop\TELECAN-2013"

Dims: 2410x 1212 x & [BIP]
Size: [Foating Point] 125,830,863 bytes.
File Type : TIFF
Sensor Type: Unknown
Byte Order . Host (Intel)
Projection : UTM, Zone 28 North
Poeel : 2.000155 Meters
Datum : WGES5-84
Wavelength : None
Upper Left Comer: 1,1
Description; GEO-TIFF File Imported
into ENVI [Sat May 18 13:10:43
2013]

‘ Full Scene |

‘ 8/8 Bands ‘

<None Selected> Mask Opliins ~
Frevious ﬂl

Select the configuration parameters of the classifier:

g )

Select Classes from Regions:

ROI:Vegetacion [Green] 2331 points
RiO1:Suelo desnudo [Orange1] 2577 poirts
ROI:Urbana [Fed] 731 poirts
RiOI:Piscinas [Cyan] 165 points

ROI:Mar [Blue] 2663 points
EVFwv2_rois05

Output Resultto () Fle @ Memary

Output Rule Images 7 Yes Lfl
Mumber of tems selected: 0

Select All iems | [ Clear All kems Output Resuit to () File @) Memery

Set Probability Threshald

(71 None @ Single Value () Multiple Values

Probability Threshold 0.7

|Data Scale Factor 1.00 ‘

‘[ OK ][ Queue][Cancel]H[Pre\riew]‘

Single Value: Use a single threshold for all classes. Enter a value between 0 and 1 in
the Probability Threshold field. ENVI does not classify the pixels with values below this

value.
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Data Scale Factor: A division factor used to convert scaled radiance or reflectance

values to integers float values.

Rule Output Images: The rule images are created as an intermediate form before
creating the image with the final allocation of classes. Then you can use the Rule
Classifier to create likelihood images of each class. The white areas represent those

belonging to that class. Also, we can preview before generating the final version.

£ #1 Max Like (wv2mul_mas2009.£if):[Memory6] = B =% Y Available Bands List | = & %

File Overlay Enhance Tools Window File Options

=-f5] [Memory§] -
----- O Max Like fwv2mul_mas20094i[ |
-8 Map Info

[—J--ﬁl [Memary5] =
----- o0 Rule (Vegetacion [Green1] 23
----- O Rule (Suelo desnudo [Orange|
----- O Rule (Ubana [Red] 731 points
----- O Rule (Fiscinas [Cyan] 165 poir
----- O Rule (Mar [Blue] 2663 points)
-8 Map Info

9--@ wvZmul_mas 2003 tif =
e T— 3

@ Gray Scale () RGE Color

Selected Band
Max Like {wvZmul_mas2005 tf):[Memory6]

|Din15 2410 1212 (Byte) [B5Q] |

: .
£ #1 Scroll (0.10622) = B %X | O #1 Zoom [4] L= | B s Dy i1~

The next method for improving the classification results is to perform a post-
classification process, where we can apply filters (option Majority / Minority Analysis).
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File Basic Tools | Class

ification | Transform  Filter

Spectral

Supervised
Unsupervised

Decision Tree
Endmember Collection

Create Class Image from ROIs

Post Classification

Map Vector Topographic

Radar

Window Help ‘

L3

»

»

Confusion Matrix:

Overall Accuracy =

(ME}

Kappa Coefficient = 0.2648

Assign Class Colors

Rule Classifier

Class Statistics

Change Detection Statistics
Confusion Matrix

ROC Curves

Generate Random Sample

Majority/Minority Analysis
Clump Classes

Sieve Classes

Combine Classes

Overlay Classes

Buffer Zone Image
Segmentation Image

Classification to Vector

(640x400x1)

(131003/25€000)

$1.1730%

Ground Truth (Pixels)

Class Unclassified Grass Forest Swamp
Unclassified 43689 26949 40 18001
Grass 32835 64516 1741 3329
Forest 8202 7277 40%6 654
Swamp 15227 10742 0 18702
Total 99953 105484 5877 40686
Ground Truth (Percem)
Class Unclassified Grass Forest Swamp
Unclassified 43.71 24.61 0.68 44.24
Grass 32.8% 58.93 29.¢62 g.18
Forest 8.21 €.65 €9.70 1.61
Swamp 15.23 9.81 0.00 45.97
Total 100.00 100.00 100.00 100.00

TELECAN Tutorial
Image Processing: Corrections and Thematic Classification

20229

44€71

256000

Total

34.64

40.01

17.45

In that Post Classification menu, there is also the option to evaluate the accuracy of the

classified image by calculating the confusion matrix and kappa coefficient.

100.00

UNIVERSIDAD DE LAS PALMAS
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The confusion matrix evaluates the conflicts that occur between classes. To get it, a list
of test points whose actual coverage is known is compared to a list of points deduced
by the classifier. In a confusion matrix, rows correspond to the reference classes and
columns correspond to the classification derived classes. The diagonal represents the
points at which there has been agreement between the actual and derived classes. This
matrix is very useful to measure the accuracy and reliability of the classifier. The
example shows that for the Class Grass, 64516 pixels have been correctly classified.
However 26949 pixels have been Unclassified (not classified), 7277 have been

classified as Forest and 10742 as Swamp.

e Unsupervised Classification Process (ISODATA)

Within the unsupervised classification algorithms the most widespread is called
ISODATA.

O NI4T ESEx

File Basic Tools [Crassi'l‘ication] Transform  Filter Spectral Map Vector Topographic Radar Window Help

Supervised *

-

IsoData
K-Means

Unsupervised

-

Decision Tree

Endmember Collection

Create Class Image from ROIs

Post Classification 4

Here you are the configuration window ISODATA classifier.
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Number of Classes: Min 5 S Max 10 % Madmum Stdev From Mean

Mandmum terations 20 Madmum Digtance Emor

Change Threshold % {0-100) 5.00
Output Result to @) Fle  7) Memory

Enter Output Filename

Minimum # Pixel in Class 1

Maximum Class Stdw 1.000

Minimum Class Distance  5.000

Maximum # Merge Pais 2 -

| 0K || Queue || Cancel || Help |

Select the number of classes to be defined. This range is required for the algorithm
groups and it divides the pixels based on thresholds.

Introduce the maximum number of iterations and the threshold of change. The last one
is used to terminate the iterative process, when the number of pixels in each class
changes by less than the threshold.

Introduce the minimum number of pixels required to form a class.

The next parameter defines the maximum standard deviation between classes
(Maximum Class stdv) in digital levels (DN).

Finally, introduce the minimum distance between the means of each class -also in DN-

and the maximum combined couples.

In principle, the unsupervised analysis becomes an iterative process where the user

sets arbitrary values that are modified according to the results.
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I3 #1 Scroll (0.10622) =[BT O #17com[4q [ = B2

Filtering may applied to improve the classifier quality, merge classes, change colors,

etc.
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0 MONTEVERDI

e Supervised Classification Process

Next, we will make a practical procedure to define the different classes over the image,
generating different regions of interest. Then we will run the classification algorithm to
see the results we have got on the classification process. The process is quite similar

following the options that appear on the screen.

1 Full window = @8 = i Supervised classification Bd
File Setup
___Class information _ Class color
Class name: Tierra (id: 1)
Vegetacion
Edificios ________ROlIkst
ROI 0, 602 5 pixels S
ROI 1, 532 pixels
ROI 2, 754 plxels ‘ Focus
Classification
Learn
Edit classes Regions of interest
[ Add Remove B
- = | End polygon Clear ROIs
i Name Color
‘ Erase last point Delete
Sets y —
Pol 7 Opadity
© Training Set # Random Validation Set ygon 0 5' padiil
e ¥ J 075 Probability Image information
SO S | [Filename. image read from file. wv2mul_mas2009 if (Wr |
Pixel locations and values Number of bands: 8 . Size: {2410, 1212]
Saroll window activated
RGB Composition' Band 1: 4 Band 2: 2 Band 3: 1
o |

e Unsupervised Classification Process

Next, we proceed to run an unsupervised algorithm. Specifically Monteverdi has
implemented KMeans algorithm. Thus, we can compare the results obtained in both

classifications.
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The requested values will be completed by the tool. Then press OK.

' ~\
i Monteverdi - 1.14.0 E@ﬂ 57 KMeans setup = =

File \Visualization Calibration Filtering  SAR Geometry 7 ] NUmber of Samples

E}! wv2mul_mas2009 VM classmcann (EXPERIMENTAL) 35.8988% of image (1048576 samples)
= Informations KM ring
FH ] wv2mul_mas2008 (band 1) Object Labeling

B wv2mul_mas2009 (band 2) NUMber of classes li5 i’

FH ] wv2mul_mas2008 (band 3)

B wv2mul_mas2009 (band 4) Max. nb. of iterations [100 =
EH ] wv2mul_mas2009 (band 5)

|:.E|a wv2mul_mas2008 (band 6) Convergence threshold |00001 0

BH] wv2mul_mas2009 (band 7) o -
i - Sample list size in MB|32 —
Ela wv2mul_mas2009 (band &) P :I
FEH | wv2mul_mas2009 (amplitude) [ Cancel ] [ ok /_,_]
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