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What is remote sensing ?

v Humans with the aid of their eyes, noses, and ears are constantly seeing,
smelling, and hearing things from a distance as they move through an
environment.

v'The activities of recording/observing/perceiving (sensing) objects or events at far
away (remote) places.

v' Remote sensing is the art and science of recording, measuring, and analysing
information about a phenomenon from a distance.

v’ The acquisition of information about an object or phenomenon without making
physical contact with the object



The acquisition of information

v'In order to study large areas of the Earth’s surface
geographers use devices known as remote sensors.

v These sensors are mounted on platforms such as
helicopters, planes, satellites, and UAV (drone)

v’ Make it possible for the sensors to observe the
Earth from above.



The acquisition of information (con.)

* Most sensors record information about the Earth’s surface by
measuring the transmission of energy from the surface in different
portions of the electromagnetic (EM) spectrum

* Because the Earth’s surface varies in nature, the transmitted energy
also varies.

* This variation in energy allows images of the surface to be created.
Human eyes see this variation in energy in the visible portion of
the EM spectrum.

* Sensors detect variations in energy in both the visible and non-visible
areas of the spectrum.



Electromagnetic radiation

* The energy to use in remote sensing is in the form of electromagnetic
radiation. For understanding remote sensing we need to understand
two important characteristics of electromagnetic radiation, which are
basic to wave theory. These are the wavelength and frequency.

* The wavelength is the distance between successive wave crests.
Wavelength is usually represented by lambda (A) and measured in meters
or some factor of meters such as nanometers (nm, 10°m) or micrometers
(um, 10°°m).



Electromagnetic radiation (con.)

* Frequency refers to the number of cycles of a wave passing a fixed
point per unit of time. Frequency is normally measured in hertz (Hz)
which is cycle per second. Frequency and wavelength are inversely
proportional: the higher the frequency, the shorter the wavelength.

A
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Source:
http://www.landmap.ac.uk/ipc/ccrs/chapterl/chapterl_2_ e.html



The electromagnetic spectrum (con.)

* The electromagnetic spectrum ranges from

* the visible light spectrum

* the shorter wavelengths (including gamma and x-rays)

 the longer wavelengths (including microwaves and broadcast radio waves)
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Wavelength for Remote Sensing

* Optical Wavelength (0.4 -14 pum)

v Visible light (0.4 — 0.7 um)
v’ Near Infrared (0.7 - 3 um)
v’ Thermal Infrared (3-15 um)

* Microwave Wavelength (1 mm -1 m)

v - X -band anwa 8-12.5 GHz %50 anuenaau 2.4 - 3.75 %,

v’ - C - band a1 4- 8 GHzZ w3e anweaaw 3.75 - 7.5 @,
v - S -band awd 2- 4 GHz wiearwennau 7.5 - 15 .
v’ - L-band anud 1-2 GHz w¥eanueanu 15 - 30 .
v’ - P - band a1 0.3 - 1 GHz weanuennau 30 - 100 .

One
Wavelength

BLUE LIGHT  |—

aaVAVAe

0.45u
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GREEN LIGHT | |
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Cne
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RED LIGHT
|

" 0.65.

Visible light



Electromagnetic Spectrum
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Atmospheric radiation

Effects of Solar
Radiation in the Earths Atmosphere

¥

Atmospheric radiation is responsible
for many events that happen in our

atmosphere every day. Solar \\

Radiation

<
Scatterin
cattering S

* Reflection
¢ Abso rption Transmission

* Transmission
* Scattering

Reflection



Effects of Solar
Radiation On the Earth
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Absormption, Reflectance, Effects on Plants
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https://landsat.usgs.gov/atmospheric-transmittance-information



Interaction with the Atmosphere

* Particles and gases in the atmosphere have effect on remote sensing
data and on spectral band selection. These effects are caused by the
mechanisms of scattering and absorption.

 Scattering occurs when radiation is reflected or refracted by particles
or large gas molecules present in the atmosphere. Redirection of the
electromagnetic radiation depends on several factors including the
wavelength of the radiation, the size of particles or gases, and the
distance the radiation travels through the atmosphere.

:
-

I\

- Absorption

Scattering




Types of scattering

e Rayleigh scattering (atmospheric gas; N2, O2)
* Mie scattering (Dust, aerosol, moisture)
* Non-selective scattering (water droplets, which make up clouds and fog banks)

Scatrenmg larger particles

Directinn of incsd+ag lipkl
== E



Absorption Bands and Atmospheric Windows

* Some types of electromagnetic radiation easily pass through the
atmosphere

e Other types do not.

* The ability of the atmosphere to allow radiation to pass through it is
referred to as its transmissivity

* Varies with the wavelength/type of the radiation.

* The gases that comprise our atmosphere absorb radiation in certain

wavelengths while allowing radiation with differing wavelengths to
pass through.



Atmospheric Windows

* The areas of the EM spectrum that are absorbed by atmospheric
gases such as water vapor, carbon dioxide, and ozone are known as
absorption bands.

e Absorption bands are represented by a low transmission value that is
associated with a specific range of wavelengths.

Uv N\ Visible / Reflected IR Thermal {emmitted) IR Microwave

100

Percent Atmospheric
Transmission

02um 0§ 10 5 10 20 100 um ~ 0dem 10cm  10m
Wavelength (not to scale)



Reflectance of common natural objects

Dry soil




Digital Image
* Electromagnetic energy be detected by sensor
* A digital image comprises of

v A two dimensional array of individual picture elements (pixels)
v" Arranged in columns and rows
v’ Each pixel represents an area on the Earth's surface.

v" A pixel has an intensity value and a location address in the two
dimensional image



Digital Image (cont.)

v’ The intensity value represents the measured physical quantity such
as the solar radiance in a given wavelength band reflected from the
ground, emitted infrared radiation or backscattered radar intensity.

v’ This value is normally the average value for the whole ground
area covered by the pixel.






Resolutions of Remote Sensing

1. Spatial (what area and how detailed)
2. Spectral (what colors — bands)

3. Temporal (time of day/season/year)
4. Radiometric (color depth)



1. Spatial (what area and how detailed)

 Spatial Resolution describes how much
detail in a photographic image is visible to
the human eye.

* The ability to "resolve," or separate, small
details



Spatial Resolution

Pixel Size (Resolution)

130 Meters | I—S Meters I1 Meter

Pixel Output (Display)

30 Meters




Spatial resolution of images
acquired by satellite sensor

e systems is usually expressed in meters.

* Landsat as having “30-meter" resolution, which means that two
objects, thirty meters long or wide, sitting side by side, can be
separated (resolved) on a Landsat image.

* High spatial resolution: 0.41 -4 m
* Low spatial resolution: 30 - > 1000 m



Spectral resolution

* The ability to resolve spectral features and bands into their separate
components.

* The spectral resolution required by the analyst or researcher
depends upon the application involved. For example, routine analysis
for basic sample identification typically requires low/medium
resolution.

* The spectral reflectance curves, or spectral signatures, of different
types of ground targets provide the knowledge base for information
extraction.

Multispectral and Hyperspectral imagery



Spectral resolution (Cont.)

v'High spectral resolution: - 220 bands
v'"Medium spectral resolution: 3 - 15 bands

v'Low spectral resolution: - 3 bands

Multispectral and Hyperspectral imagery



Temporal Resolution

* The specifies the revisiting frequency of a satellite sensor for
a specific location.

* High temporal resolution: < 24 hours - 3 days
Medium temporal resolution: 4 - 16 days
Low temporal resolution: > 16 days



Radiometric resolution

* The radiometric resolution specifies how well the differences in
brightness in an image can be perceived

* This is measured through the number of the grey value levels

* The maximum number of values is defined by the number of bits
(binary numbers)

* An 8 bit representation has 256 grey values, a 16 bit (ERS satellites)
representation 65.536 grey values



Radiometric resolution (cont.)

e Radiometric resolution depends on the wavelengths and the type of the
spectrometer

v' LANDSAT-TM (from LANDSAT 4-5) & SPOT-HRV
8 bits (256 grey values)
v IKONOS & QuickBird: 11 bits
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Resolution Trade-Off

* The different spatial, temporal and spectral resolutions are the
limiting factor for the utilization of the satellite image data for
different applications.

* Unfortunately, because of technical constraints, satellite remote
sensing systems can only offer the following relationship between
spatial and spectral resolution: a high spatial resolution is associated
with a low spectral resolution and vice versa.



Satellites and Sensors
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1. Passive System

* Needs an external energy source

v Most cases this source is the sun

v These sensors generally detect reflected and emitted energy
wave lengths from a phenomenon

i "t
Atmospheric <
Absorption

Atmospheric
Reflectance

Reflected
by Surface
Objects

Emitted by
Surface
Objects




Satellites and Sensors

Passive and Active Sensor Systems

1. Passive Sensor Systems

v" The most popular sensors

v’ Used in are the camera, image plane scanning sensors,
such as TV cameras and multispectral scanners coving

v Along-track scanning systems (SPOT 1-7) and Across-
track scanning sensors, such as multispectral scanners
(LANDSAT 1-8: MSS, TM; optical-mechanical scanner),
QuickBird, RapidEye, and Thaichote or THEOS.



Comparison of The Passive Sensor Satellites

Comparing High- and Medium-Resolution Commercial Imaging Satellites

Satellite Launch Date Swath Width Native GSD Ouiput Resclu- Max View  Nalive Accu- Banids Bit Depth  Stereo
(kilometers) !  (meters)® flon (meters) Scale? racy (meters)*
IKONOS Sept. 24, 1900 11.3 0.82 x 3.20 1x45 1:2,500 15 pan + 4 M5 11 yes
enickBitd Cct. 18, 2001 18¢ 0.66 X 2.62 D6x2.4 1:1,500 23 pan + 4 M5 11 T
SPOT-H My 2, 2002 a0 5x10x20 | 25x5x10x20 1:5,000 48 pan + 4 M5 & yas
WoldView-1 | Sept. 18, 2007 17.7 0.5 0.5 1:1,250 5 pam oy 11 yos
Rapidbye Aug. 29, 2008 77 8.5 5 1:12 500 23 45¢ 5 M5 (no pam) 12 o
Geolye-1 Sept. &, 2008 15.2 0.41 % 1.65 05x 2 1:1,250 5 pan + 4 M5 11 yes
WordView-2 Ot §, 2009 17.7 045 x 1.85 05x2 1:1,250 5 pan + 8 M5 11 yes
Plindes 1 Dec. 14, 2011 20 070x 24 05x 2 1:1,250 b hodotermined | pon + 4 M5 12 yes




2. Active Sensor Systems

* Provides its own energy source.

v’ A radar sensor sends out sound waves and
records the reflection waves coming back
from the surface.

v’ An active scanning and imaging sensor can
be a LIDAR or RADAR. For example synthetic
aperture radar (SAR), which can produce high
resolution imagery, day or night, even under
cloud cover such as RADARSAT, ALOS, and
Sentinel 1-3.




Comparison of the Active Sensor Satellites

Commercial Radar Remote Sensing Satellites

Satellite Mission Launch Date Band Resolution | Swath Width | Repeat Rate Comment

TerraSAR-X / 2007 / 2010 X Band 1-18 meters | 5- 150 km 11 days A German mission carried out under a

TanDEM-X public-private-partnership with the German
Aerospace Center and EADS Astrium. Both
satellites used as radar interferometer for
WorldDEM.

COSMO-SkyMed 2007 / 2008 X Band 1-100 meters | 10 - 200 km 16 days Italian constellation of four satellites

RADARSAT-1 / 1995 / 2007 C Band | 3-100 meters | 20 - 500 km 24 days Canadian commercial mission

RADARSAT-2

PAZ 2013 X Band 1-18 meters | 5- 150 km 11 days Spanish dual-use mission, constellation

with TerraSAR-X and TanDEM-X envisioned




Active sensors for mapping terrain

1. Radar

- Transmits microwaves in pulses

- Determines distance to objects and
their angular position (from side)

2. LIDAR

- Transmits optical laser light in pulses
- Determines distance to objects




Radar

e Radio Detection and Ranging

* Transmits microwaves in pulses

* Determines distance to objects and their angular
position




What determines radar backscatter from
vegetation?

e System Parameters (Sensor)

* Wavelength/Frequency (X, C, L, and P bands)
* Polarization (HH, VV, and HV)

* Incidence angle

* Resolution



Scattering mechanisms
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Polarization

radar antenna
transmits vertically

polarized energy \’érllcal
VV toward the earth send
= —> —
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Smooth surface

No Depolarization

Multiple scattering

H

Vv _
® nv
-> depolarisation

Rough surface
\H
Little Depolarization

Depolarization occurs mainly over
vegetation, hardly over open ground.
Cross polarization (HV or VH) is very
sensitive to vegetation parameters






SAR

v" Synthetic Aperture RADAR

v'All imaging RADAR sensors used for remote sensing are
Synthetic Aperture Radars.

" Microwave pulses are transmitted by an antenna towards the earth

surface
* The microwave energy scattered back to the spacecraft is measured
= The SAR makes use of the radar principle to form an image by

utilising the time delay of the backscattered signals
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LIDAR

* Light Detection and Ranging

- Transmits optical laser light in pulses
- Determines distance to objects




LASER SCANNING
The process: z

L IDAR sensor measures time from
when pulse sent to when received.

*This translates to distance
from sensor to object.

*GPS knows location of sensor.

*Coordinates (X,Y,Z)
are assigned to each pulse.

*Result is a "cloud of points"
each point has its own coordinates & height.

-Andersen



Number of Returns

4 Returns Return

3rd g
Return]

‘ | 1 . Last — =
‘.5‘} BV 414 m~.\'t|d\&ix ? rrdond Return i . / u. . 1?‘;3&-;‘».')‘\' )




Deciduous

105 A
100
94
98
N 92
100
96\, 90
94 88
95
92 86
0. 84
90 <
82
80
85
78
76
80 <
o g 6501460\ -
sienyd 6501455 =~
< N 6501152 = & 14714 ~IHIEN
6501165 1471582 1471586 1472060 1472065






Books

* Jenson, John R. 2007. Remote Sensing of the Environment: An Earth
Resource Perspective. Person Prentice Hall.

Websites

https://earthobservatory.nasa.gov/Features/RemoteSensing/

http://www.gistda.or.th






Environmental monitoring

JRemote sensing is envisaged to contribute substantially to
future environmental monitoring.

dMonitoring of rapidly varying parameters
(mostly but not exclusively related to the
open sea and coastal zones) using satellite-
based sensors providing high temporal but
low spatial resolution.

A Mapping of surface cover types and
monitoring of slowly varying surface
parameters — River shape







Legend

— Oldman River Main Channel (1938)
Oldman River Main Channel (1973)

e Oldman River Main Channel (1995)

— Oldman River Main Channel (2007)
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*Disaster Relief, Rehabilitation and Reconstruction

v'RS technology plays vital role in both the immediate relief and long-term
development phases of disaster relief/rehab and Reconstruction.

v’ Satellite imagery assists in estimating the damaged infrastructure and analyzing
the severity of vital services required to any community, undertaking detailed
damage need assessments and urban development planning.
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* Flood

v' Mapping flood-prone areas
v’ delineating flood-plains
v’ land-use mapping




*Drought

v’ Monitor desert encroachment, overgrazing and depletion in biomass

June2002 | June2008 1 June 2014




P X da > 2,
uun wunna Iwihadeudauail 2002 -2011
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* Forest Fire

v Classify forest resources extending to
inaccessible areas

v' AVHRR; The Advanced Very
High-Resolution Radiometer

v NOAA

v Hot spot; Infrared, IR
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e Landslide

v' Mapping landslide-prone areas
v’ delineating Landslide area
v’ land-use mapping




Crop types classification

v’ Traditional methods of obtaining this
information are census and ground
surveying.

v satellites is advantageous as it can generate a
systematic and repetitive coverage of a large

area and provide information
v The health of the vegetation.
v’ The data of crop is needed for agricultural

agencies to prepare an inventory of what was

grown in certain areas and when.
v’ predict grain crop yield, collecting crop

production statistics, facilitating crop rotation

records, mapping soil productivity,
identification of factors influencing crop
stress, assessment of crop damage and
monitoring farming activity.
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Forest mapping

Forest cover typing and species identification.
Forest cover typing can consist multi-spectral images, a very R Azﬂﬂ"'l- < AL01
high resolution data i ired to get detailed speci i) e mz;\L‘“‘ im En
_'=£‘-.TD

| ig r'e-SOl:l ion data is required to get detailed species .h\-i/ mﬁx\{:‘ % Mﬁﬂm m
identification if 205 M%ﬁng - |,e.,m1_

. . . 1107 J Dﬂ.‘
Multi-temporal images datasets contribute phenology ol i ity ¥
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information of seasonal changes of different species N R TR ' \
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Hyper-spectral imagery can be used to generate signatures

A2047 (301

of vegetation species and certain stresses (e.g. infestations)
on trees. Hyper-spectral data offers a unique view of the
forest cover, available only through remote sensing
technology

RADAR is more useful for applications in the humid tropics
because its all weather imaging capability is valuable for
monitoring forest

LiDAR data allows the 3-dimensional structure of the forest.
The multiple return systems are capable of detecting the
elevation of land and objects on it. The LIDAR data help
estimate a tree height, a crown area and number of trees
per unit area.




Surveying and urban planning

¢ Urban land cover/use mapping

v" Digitization of planning base maps and various layout plans has
facilitated updating of base maps wherever changes have taken place
In terms of land development etc.

v" Since information and maps are available in digital format,
correlating various layers of information about a feature from
satellite imagery

v' Remote Sensing techniques are extremely useful for change
detection analysis and selection of sites for specific facilities, such
as hospital, restaurants, solid waste disposal and industry
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Soil

*mapping of soil characteristics
*mapping of soil type

*soil erosion

*soil moisture

*mapping of soil management practices

ecompliance monitoring (farming practices)




v’ monitoring the health of crops

v’ optical (VIR) sensing advantage is that it can
see the infrared, where wavelengths are
highly sensitive to crop vigour as well as crop
stress and crop damage.

v’ Remote sensing can aid in identifying crops
affected by conditions that are too dry or
wet, affected by insect, weed or fungal
infestations or weather related damage

v’ Detecting damage and monitoring crop
health requires high-resolution, multi-
spectral imagery and multi-temporal imaging == =
capabilities. v :
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