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Remote Sensing for
Earth Observation

e The acquisition of
Information about the
environment without
contact with it.

« Uses passive or active
electromagnetic
radiation
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Consider the four main ﬂ'

components:

Electromagnetic radiation — the medium by
which remote sensing operates

Target — what we are observing

Sensor — measures radiation from the target

Atmosphere — need to consider its influences
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Electromagnetic Radiation: ﬂ_
|

Basic Wave Theory

e The waves can be characterised through a
number of variables:

e The three variables of wavelength,
frequency and speed are related to each
other by the general equation:

C = VA (1)

e since c is regarded as a constant (3 x 108
msec1), frequency and wavelength for any
given wave are related inversely, and
either can be used to categorise any wave.
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THE ELECTROMAGNETIC SPECTRUM
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Atmosphere: the windows

'

Sun's energy (at 6000 K)

Earth's energy (at 300 K)
e

Energy

03pum 1pm 10 um 100pum  1mm 1m
Wavelength —=
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Transmission

100pum  1mm im
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(b) Atmospheric transmittance
- - Human eye

Photography ~ Thermal scanners

- - - -

Multispectral scanners Radar and passive microwave

|- - - Lal

03pum 1 pum 10 um 100 um 1 mm 1m
Wavelength —»

{c) Common remote sensing systems
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Main Regions of the Electromagnetic r
|

Spectrum used in Remote Sensing

Region Name Wavelength Range Details
Narrow but well used region since the short
Visible 0.4 - 0.75um wavelengths are of high frequency and high energy.

Comprises the three additive primaries; blue (0.4 -
0.5 um), green (0.5 - 0.6 um) and red (0.6 - 0.7 pm).
Near Infrared 0.75-1.5um Start of the region beyond the red wavelengths. Like
(NIR) visible region, frequently used in remote sensing.
Comprises two main portions; shortwave infrared
(SWIR; 1.5-3.0 um) and middle infrared (MIR; 3.0
Mid Infrared 1.5-5.0um -5.0 um). MIR radiation measured by sensors can
comprise a mixed signal of reflected solar radiation
and radiation emitted from the Earth’s surface.
Comprises of long wavelengths of lower frequency
Thermal Infrared 5.0 - 15.0um and thus lower energy. Much of the thermal infrared
(TIR) signal is comprised of emitted radiation from the
Earth’s surface.
Longest wavelengths used in remote sensing. Passive
Microwave 1mm-1m remote sensing difficult as wavelengths have low
energy so some sensors that record microwave
radiation in this region generate radiation artificially
and measure radiation backscattered from the Earth.
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e Natural: all objects with a
temperature above absolute zero

(-273 °C, OK) emit EMR continuously
e Sun
e Earth’s surface
e Atmosphere
e Artificial:
e Radar (radio detection and ranging)
(operates at microwave wavelengths).

e Lidar (light detection and ranging) has
grown in popularity recently (uses laser).
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E(() = Incident energy () = Eo\) + ExN) + E)

Er()) = Reflected energy
.f

E,(A) = Absorbed energy E+(A) = Transmitted energy
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Electromagnetic Spectrum (wavebands)
Environmental Visible Near infrared Middle infrared Thermal infrared Microwave
Component (0.4-0.7 um) (0.7-1.5 um) (1.5-5.0 um) (5.0-15.0 um) (3-300 cm)
Rock and Soil Iron Bearing e Iron bearing minerals | e Texture/structure Temperature Surface soil moisture
minerals o Texture/structure e Soil moisture Texture/structure
Texture/structure | o  Soil moisture e Organic matter
Soil moisture e Organic matter o Carbonates
Organic matter o Sulphates
Vegetation Chlorophyl e Physiological ¢ Water content Temperature Canopy structure and
structure e Nitrogen roughness
e Protein e Lignin
e Lignin e Sugar
e Oil o Cellulose
Snow and Ice Snow depth e Snow water o Water/ice Temperature Snow depth
Snow grain size e Snow grain size differentitaion
o Cloud/ice
differentiation
Water Organic matter Surface temperature Surface roughness
Suspended
sediments
Chlorophyll
Atmosphere Aerosol properties | e Water vapour ¢ Cloud particle radius Cloud temperatures
Cloud thickness e Cloud top height e Aerosol optical
Aerosol optical o Aerosol optical thickness
thickness thickness
o Precipitable water
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The remotely sensed radiation
(R) received by a sensor is a
function (f) of the location (x),
time (t), wavelength (1) and

viewing geometry (6) of a given

area of interest:

R=1(x,t, A, 6)
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http://www.itc.nl/research/products/sensordb/AllSensors.aspx
http://www.itc.nl/research/products/sensordb/AllSensors.aspx
http://www.itc.nl/research/products/sensordb/AllSensors.aspx
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Commonly the sensor records the a
radiation from a target in raster format I
to produce an image |

Each pixel in the y|2
Image layer displays
the Digital Number

high DN = high radiance

_ Highlighted pixel X =2
low DN = low radiance y=r;
Z=
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Spectral resolution
Radiometric resolution
Spatial resolution

Temporal resolution
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Generalised reflectance spectra of some earth surface materials: AVHRR
Visible HNIR SWIR
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Spectral resolution 1 R
Generalised reflectance spectra of some earth surface materials: Landsat TM
Visible HIR SWIR
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Generalised reflectance spectra of some earth surface materialzs: SPOT X5

Visible MIR SWIR
50 4 Band |1 || 2 3
45 — M T,
= Soil Altered rocks
B 30 - ' characteristic of a
5 i mineralised zone
m 25 - A
2 20 _
o
E 15 - ‘
10 - _.d" I Clear water -
b - |L. . — Water with vegetation
o - phwtoplankton

1 ! | ! 1
0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4
Wavelangth in micromelres

— Clear water = Water with phytoplankton = Healthy vegetation
— S0l — Altered rocks characteristic of a mineralised zone
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e Determined by IFOV and height of

platform carrying sensor: controls swath
width and pixel size

Platforms available to carry sensors:
satellites
helicopters
planes
booms/tripods
by hand (terrestrial)
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Thematic Mapper (30m) {ff




The University of

AVHRR (1.1km) Nottingham
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Laser scanning
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http://www.eurosense.com/UK/serv_laser_uk.htm#Technical Considerations
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Inference of socioeconomic
characteristics from RS

« Studies have documented how quality-of-living
Indicators, such as house value, median family
Income, education can be inferred by extracting the
following attributes from imagery:

* Building size (sq. ft), plot size (acerage), pool (sg.

ft), placement of house on
houses with driveway (%),
street width (ft), houses wit

ot (distance from street),
nealth of landscaping,

N garage.

 The relationship between indicators and imagery-
derived indicators will vary by region or

neighbourhoods.
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Figure 4.1 An example of a global land cover map. The map shown is that derived by Debries ¢ ol

(1998 from NOAA AVHRR data. Although full appreciation requires colour, the map indicates the
nature of land cover maps typically denved from satellite remote sensor data. The 13 land cover

types shown are Evergreen needleleaf forests (1); Evergreen broadleaf forests (2): Deciduous
needleleaf forests (3); Deciduous broadleaf forests (4); Mixed forests (5); Woodlands (6); Wooded
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Remote sensing
radionuclide
contaminated
forests In
Belarus
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The Chernobyl
disaster

« Explosion in reactor 4, April 1986
* 85Pbqg Cs-137 released into environment |

e Belarus received 80% of contamination

e Cs-137 predominant radionuclide
still remaining today (half life 30.5 years)



Main Regions of High Levels of Radioactive Fallout

(>555kBg/m? Cesium-137 in 2001)
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Main Regions of High Levels of Radioactive Fallout

(>555kBg/m? Cesium-137 in 2001)
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Agricultural land, forest,
enterprises and resources
removed from service as a
consequence of Chernobyl

e 264 000 ha agricultural land

e 200 000 ha forest

e 54 agricultural & forest enterprises
* O service enterprises

« 22 raw material deposits
Source: UNDP/UNICEF (2002)



w TheUni:.rersitguf
A" | Nottingham

Investigate remote sensing of
radionuclide contaminated forest

 Information on radionuclide
concentration will afford the division of
the forests into categories related to their
ecological and economic capabilities.

 Make decisions about future forestry
practices and land-use in order to
promote a sustainable economy in
Belarus
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Coordinating Earth Observing Systems

Vantage Points Capabilities

L1/HEO/GEO
TDRSS &
Commercial
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LEO/MEO
Commercial
Satellites
and Manned
Spacecraft

9 Aircraft/Balloon
Event Tracking
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Satellite Data Othar Digital Data

Agrial Pholographs

I

Digital Maps Tabular Information
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An objective !
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Hardware
and software
tools


http://www.kingston.ac.uk/centreforgis/resources.htm
http://www.kingston.ac.uk/centreforgis/resources.htm
http://www.kingston.ac.uk/centreforgis/resources.htm
http://www.kingston.ac.uk/centreforgis/resources.htm
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