Geospatial Technology:
GIS, GPS & REMOTE SENSING,
and Their Applications

GIS
GENERAL

INTRODUCTION
A Geographic Information System is a computer-based information
system, which is used to digitally represent and analyse the
geographic features present on earth surface and the events that
take place on it.
GIS consists of three main components:
• A spatial database management system and
• Automated map making tools
• An analytic tool

GIS is a decision-making tool that produces useful information in
a cost effective manner

DEFINING GIS

A Geographic Information System (GIS) is a computerized
integration of Database Management System (DBMS) with
automated mapping and data analysis tools to capture, store,
retrieve, display and analyse geographic information graphically
and relate the data spatially in order to facilitate its use and
interpretation for reporting, planning, and decision making.
GIS provides four sets of capabilities to handle geo-referenced data
•
•
•
•

Data input
Data management (data storage and retrieval)
Data manipulation and analysis
Data output

HOW DOES A GIS WORK?
•
•
•
•
•
•

Relating information from different sources
Data capture
Data integration
Projection and Registration
Data structures
Data modeling & Spatial Analysis

LAND USE COVERAGE

ENV. COVERAGE

ASSET COVERAGE

Data Input

DATABASE

MINE COVERAGE

Spatial analysis is that set of analytical methods which requires access to both
the attributes of the object under study and to their locational information

GIS AS DECISION SUPPORT SYSTEM
GIS can be used as a decision support system. A decision support system is a
computer-based system that helps decision-makers confront ill-structured
problems through direct interaction with data and analysis models. GIS is used
to solve problems related to geography. A typical GIS can help to answer the
following type of questions.

GIS Capabilities
• Location - What is at…?
• Condition - Where is it…?
• Trends - What has changed since…?
• Routing - Which is the best way…?
• Patterns - What spatial patterns exists…?
• Modelling - What if…?
• Aspatial Questions
• Spatial Questions

GIS Capabilities
• Location : What is at…?
• Involves querying a database to determine the
types of features that occur at a given place
• Ex. What is the asset value at a particular
location?

GIS Capabilities
• Condition : Where is it…?

• Involves finding the location of sites which
have certain characteristics
• Finds the intersection of data sets
• Ex. How many houses/villages are there
within 200 meters of a tailing dump site?

GIS Capabilities
• Trend : What has changed…?

• Involves monitoring how things change over
time
• Ex. What is the change in the land use
pattern within 5 km radius around a
mining site?

GIS Capabilities
• Pattern : What is the pattern…?

• Allows scientists and planners to describe and
compare the distribution of phenomena and
understand the processes which account for
their distribution
• Ex. Is there some pattern in the distribution of
Suspended Particle Matter (SPM) around
a mine site?

GIS Capabilities
• Modeling : What if…?

• Allows different models of the world to be
evaluated
• Ex. Which areas would be flooded if the
water lever reaches x meter above a
particular RL value?

APPLICATION OF GIS

COMPONENTS OF GEOGRAPHIC INFORMATION SYSTEM
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DATA COLLECTION FOR DEVELOPING A GIS

•
•
•
•
•
•

Remote Sensing :Satellite Imageries
Aerial Photographs
Toposheets
Collateral data from field visits
Digitizing Geographic features
Global Positioning Systems

GIS RELATED TOOLS & TECHNOLOGIES
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GIS
TECHNICALS

GIS provides a manager/user with
mainly 4-types of helps:

Plant and
Machinery
Mine Faces

• Inventory of natural resources

• Measurements of geographical features

Roads

• Modeling and simulations

• Presentation of geographic information

Reality

For this, the Real World Data should be in Digital Format

3 Basic GIS Data Elements for Geographic Features:

• Nodes / Points
• Lines / Arcs

(House, Tree, City etc.)

(Road, River, Power line etc.)

• Areas /
Polygons
(OB Dump, Water body, Leasehold etc.)

GIS Data Structure:

Geographic
Features

Corresponding
Attribute Data

Lines, Text, etc.
Oak Street

0,0

Graphic Data Files
OR
Database Records

Data referenced to a Projected XYZ two or three dimensional
coordinate system
PROJECTION ?
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GIS Features are collection of Spatial Geometry and the
corresponding Feature Attributes or values

How GIS Data/Feature is stored in Digital Format:
Two Formats: VECTOR and RASTER

Note: These Formats are Application Dependent

DIGITAL ELEVATION MODEL
(DEM)

or
DIGITAL TERRAIN MODEL
(DTM)

Contours

DEM Window in GIS

Digital Elevation Model is a three-dimensional representation of the Earth’s
surface based on the Ground Contour Values

EXAMPLES
OF
GIS

Buffer Area of 100 m
distance from river on
both sides

Safety Zone
across the Amb
River

Line Buffering in GIS

Thematic Map generated in GIS showing SPM Distribution for wind direction S 45°E

End

GPS

The Global Positioning System (GPS) is a worldwide radionavigation system formed from a constellation of (24+5)
satellites and their ground stations.5 satellites are in spare.
Here's how GPS works in five logical steps:
• The basis of GPS is "triangulation" from satellites.
• To "triangulate," a GPS receiver measures distance using the
travel time of radio signals.
• To measure travel time, GPS needs very accurate timing which
it achieves with some tricks.
• Along with distance, you need to know exactly where the
satellites are in space. High orbits and careful monitoring are
the secret.
• Finally you must correct for any delays the signal experiences
as it travels through the atmosphere.

Brief Overview of GPS
•
•
•

24 satellites are rotating around the earth
At least 4 satellites are visible from any point of the earth
A receiver on the ground constantly receives signals
from those satellites

•
•

Data from 3 satellites puts us into two possible locations
One of such location will be on earth and other in space.

Three Segments of the GPS
Space Segment

User Segment
Control Segment
Ground
Antennas
Master Station

Monitor Stations

GPS the segments
Space Segment

Monitor Stations
Diego Garcia
Ascension Is.
Kwajalein
Hawaii

User Segment

Colorado Springs

Control Segment

Control Segment
US Space Command

Cape Canaveral
Hawaii
Kwajalein Atoll

Diego Garcia
Ascension Is.

Master Control Station

Monitor Station

Ground Antenna

Control / Monitor Segment
• 5 Stations world-wide
– Monitored by Department of Defense

• All perform monitor functions
– Receive all satellite signals
– Collect Meteorological data ( used for ionospheric
modelling )
– Transmit data to MCS

• Master Control Station
– Upload to Satellites
• Orbital prediction parameters
• SV Clock corrections
• Ionospheric models
(Basically everything in NAVDATA)
• SV commands

The space segment is an earth-orbiting constellation of 24 active and
five spare GPS satellites circling the earth in six orbital planes.
Each satellite is oriented at an angle of 55 degrees to the equator.
The nominal circular orbit is 20,200-kilometer (10,900 nautical miles)
altitude. Each satellite completes one earth orbit every twelve hours
(two orbits every 24 hours). That's an orbital speed of about 1.8 miles
per second, so that each satellite travels from visible horizon to
horizon in about 2 hours.

Space Segment
• 25 satellites in final constellation
– 6 planes with 55° rotation
– each plane has 4/5 satellites

• Very high orbit
– 20,183 KM, 12,545 miles
– approximately 1 revolution in 12 hours
– for accuracy
– survivability
– coverage

User Segment
• Surveyors
• Anyone with GPS equipment
• Hardware and Software can be application specific
Vehicle Tracking
Navigation
Mapping
Hydrographics
Aircraft Approach and Landing
Dredging
Sunken ship salvage
Oil Exploration

Ambulances
Police
Cruise Ships
Courier Services
Hikers

User Segment
Military.
 Search and rescue.
 Disaster relief.
 Surveying.
 Marine, aeronautical and terrestrial navigation.
 Remote controlled vehicle and robot guidance.
 Satellite positioning and tracking.
 Shipping.
 Geographic Information Systems (GIS).
 Recreation.


Triangulation
• A GPS receiver's job is to locate four or more of these
satellites, figure out the distance to each, and use this
information to deduce its own location.
• This operation is based on a simple mathematical
principle called triangulation or trilateration.

GPS 3D Triangulation
• If you know you are 10 miles from satellite A in the sky,
you could be anywhere on the surface of a huge,
imaginary sphere with a 10-mile radius.

10 miles
Earth

GPS Triangulation (Cont’d)
• If you also know you are 15 miles from satellite B, you can
overlap the first sphere with another, larger sphere. The
spheres intersect in a perfect circle.

15 miles
10 miles

GPS Triangulation (Cont’d)
• The circle intersection implies that the GPS
receiver lies somewhere in a partial ring on
the earth.

Perfect circle formed fro
locating two satellites

Possible
Locations of
GPS Receiver

GPS Triangulation (Cont’d)
• If you know the distance to a third satellite, you get a
third sphere, which intersects with this circle at two
points.

GPS Triangulation (Cont’d)
• The Earth itself can act as a fourth sphere -- only one of
the two possible points will actually be on the surface of
the planet, so you can eliminate the one in space.

• Receivers generally look to four or more satellites,
however, to improve accuracy and provide precise
altitude information.

GPS Receivers
• In order to make this simple calculation, then, the GPS
receiver has to know two things:

– The location of at least three satellites above you
– The distance between you and each of those
satellites
• The GPS receiver figures both of these things out by
analyzing high-frequency, low-power radio signals from
the GPS satellites.

GPS Receivers (Cont’d)
• Better units have multiple receivers, so they can pick up
signals from several satellites simultaneously.
• Radio waves travel at the speed of light (about 186,000
miles per second, 300,000 km per second in a vacuum).
• The receiver can figure out how far the signal has
traveled by timing how long it took the signal to arrive.
(Similar to foghorn example.)

Brief Overview of GPS
•

•
•
•
•

Velocity of a radio signal is the same as the speed of the
light
Major idea is to estimate the time travel of that signal from
a satellite to a receiver on the ground
Signals are complex “pseudo-random code”
Satellite and receiver both transmit this code
Delay between this two transmission is the time traveled

Brief Overview of GPS
•
•
•
•

“Differential GPS” or DGPS helps reducing many of such errors
A stationary receiver(Reference receiver) is placed at a nearby
location w.r.t. the Rovering/Roaming receiver(Rover receiver)
say within few hundred of kilometers
Location and position of this station is surveyed accurately, that
means x,y,z coordinates of the stationary receiver is absolutely
known
Since the signal travel time from a satellite to the stationary
receiver is accurately known, the correction factor can be
transmitted to the roaming receiver

Real Time Differential GPS

x+5, y-3
x+30, y+60
x-5, y+3

Receiver

DGPS Receiver

DGPS correction = x+(30-5) and
y+(60+3)

DGPS Site
True coordinates =
x+0, y+0

True coordinates = x+25, y+63

Correction = x-5, y+3

Real Time Differential GPS
Real-time DGPS employs a second, stationary GPS
receiver at a precisely measured spot (usually
established through traditional survey methods).
This receiver corrects any errors found in the GPS
signals, including atmospheric distortion, orbital
anomalies, Selective Availability (when it existed), and
other errors. A DGPS station is able to do this because
its computer already knows its precise location, and can
easily determine the amount of error provided by the
GPS signals.

Real Time Differential GPS
DGPS corrects or reduces the effects of:
 -Orbital errors
 - Atmospheric distortion
 - Selective Availability
 - Satellite clock errors
 - Receiver clock errors
• DGPS cannot correct for GPS receiver noise in the user’s receiver,
multipath interference and user mistakes.

 In order for DGPS to work properly, both the user’s receiver and the
DGPS station receiver must be accessing the same satellite signals
at the same time. This requires that the user’s receiver not be more
than 300 miles from the DGPS station (100 miles or less is
considered optimum

Conditions for Real-Time Surveying
• At least 2 receivers required
• At least 5 common SV’s must be tracked from each
station
• Visibility to the sky at all stations should be sufficient to
track 5 SV’s with good geometry (4 SV’s required for
baseline solution, but 5 are required for initialization)
• Radio link must be available between base and rover
• Transformation parameters must be available to get
from GPS WGS84 LLH to local NEE

Real Time Surveying Applications
•
•
•
•

Control
Topographic mapping
Construction stakeout
Cadastral surveying

Real-Time vs. Post-Processed
• Results are available in the field, so checks can be
verified immediately
• Staking out is now possible
• One base receiver supports multiple rovers
(unlimited)
• No post-processing time required in office
• Transformation parameters needed prior to survey,
for proper relationship between GPS WGS84 and
local system

BENEFITS OF GPS
A) World wide coverage and application: 24 GPS satellites circle the globe twice
daily so GPS signals are available around the world 24 hours a day and a
system bought for a mine in northern Canada can be used in Australia or Brazil
or South Africa, anywhere in the world.
B) Services an unlimited number of users: - GPS is like a radio or TV broadcast,
that it can have an unlimited of listeners or viewers. Hence, there is no limit to
the number of mines that can use the GPS signals.
C) All weather operation: - Similar to a mine, a GPS can also operate virtually
under any temperature or weather condition, right from the snowy, frigid
extremes of the North and South poles to the tropical rains in equatorial
regions.
D) Accurate three-dimensional positioning: - GPS can provide horizontal and
vertical positions accurate to within 1-5 cm.
E) Accurate timing: - GPS signals provide very accurate time, so one can track not
only where, but when, i.e. a truck loaded or a blast hole is drilled.

BENEFITS OF GPS
F) No survey line-of-sight restrictions: - GPS receivers need only
unobstructed view to the sky i.e. the satellites. Hence,
stockpiles and other physical obstructions between survey
points in the mine are not a problem.
G) 24-hour availability: - Satellite data is available continuously,
24 hour a day. Hence, work can proceed without interruption
provided a clear view of the sky is available.
H) Dynamic positioning system: - GPS receivers provide accurate
positions even when they’re moving at high speeds, like on
trucks/vehicles.
I) Free service: - The service of GPS system are provided free of
user charges.

GPS Application in Mining
• a) Geologic mapping: GPS can be used to help create geological
maps.
• b) Topographic surveys for volumes: GPS can be used for more
efficient volume surveys.
• c) Drill guidance: GPS can be used for guidance to blastholes and
for determining collar elevations. One can operate effectively
without survey stakes.
• d) Shovel and loader operations: GPS based positions may be
combined with mine map information for both ore grade and
design grade.
• e) Bench height control: GPS provides not only just horizontal but
also vertical positions, so elevation can be accurately monitored
in any bench.

GPS Application in Mining
f) Ore control: GPS positions combined with onboard displays
can help locate exactly what and where the digging machines
are, and where digging is going. This visual aid saves time and
reduces waste or dilution of high grade ore.

g) Vehicle tracking and dispatch: GPS can provide positions of
all trucks, and with a radio link, these positions can be
relayed to dispatch office. Computers with specially designed
software can determine the most efficient route for each
truck, enabling dispatch personnel to visually monitor the
movement of material and other production issues.

GPS Application in Mining
h) Material tracking: GPS can inform from where a load of
material came and was dumped, while support software can
tell the content of the material, thereby optimizing inventory
management.
i)

Haul road grading and maintenance: GPS helps in
maintaining the most current information about haul road
grades and conditions.

j) Earthmoving: GPS can be used to provide guidance to dozer
operators, so the operator can optimize each movement.

GPS Assembly used for Drilling

GPS assembly in Shovel

Truck Dispatch System
The truck dispatch system has following advantages:
TDS is a productivity improvement tool.
Tracking of truck using GPS.
Incorporation of GPS technology in dispatch
management systems ensured reduction in cost, accuracy
of data collection, low response time.
Fatalities among equipment operators in open pit
mines can be reduced if GPS technology is incorporated
in their machines.

REMOTE
SENSING
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INTRODUCTION

Remote sensing is the acquisition of data, "remotely"
"remotely" means using instruments (sensors) carried by platforms
These platforms may be balloons, aircraft, or more recently satellites.
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DEFINITION
The science (and to some extent, art) of acquiring information about the
Earth's surface without actually being in physical contact with it.

This is done by sensing and recording reflected or emitted energy and
processing, analyzing, and applying that information.

The non-contact recording of information from various spectral regions of
electromagnetic spectrum (ultraviolet, visible, infrared, and microwave
regions) by means of various instruments (camera, scanners, lasers,
linear arrays, and/or frame arrays) which are located on platforms such
as ground, aircraft or spacecraft, and the analysis of acquired information
by means of visual and digital image processing.
Department of Mining Engineering, IIT Kharagpur

A Remote Sensing System consists of:
• Sattelites Sensor
• Energy Source
• Data Recording / Transmission
• Ground Receiving Station
• Data Processing

• Expert Interpretation / Data Users
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Different Roles for Satellites
• Weather satellites help meteorologists predict the
weather or see what's happening at the moment. The
satellites generally contain cameras that can return
photos of Earth's weather.
• Communications satellites allow telephone and data
conversations to be relayed through the satellite. The
most important feature of a communications satellite is
the transponder -- a radio that receives a conversation at
one frequency and then amplifies it and retransmits it
back to Earth on another frequency.

Satellites Classification: Use basis
• Broadcast satellites broadcast television signals from one
point to another (similar to communications satellites).
• Scientific satellites perform a variety of scientific
missions. The Hubble Space Telescope is the most
famous scientific satellite, but there are many others
looking at everything from sun spots to gamma rays.
• Navigational satellites help ships and planes navigate,
e.g., GPS.

Satellites Classification: Use basis
• Rescue satellites respond to radio distress signals.

• Earth observation satellites observe the planet for
changes in everything from temperature to forestation to
ice-sheet coverage.
• Military satellites are up there, but much of the actual
application information remains secret.

Satellite Classifications: Altitude basis
• GEO (Geostationary Earth Orbit) satellites orbit about
36,000 km above Earth’s surface.
• LEO (Low Earth Orbit) satellites are about 500-1500 km
above earth’s surface.
• MEO (Medium EO) satellites are about 6000-20,000 km
above earth’s surface.
• There are also HEO (Highly Elliptical Orbit) satellites.

Orbits of Different Satellites
LEO (Iridium)

GEO (Inmarsat)

Earth

1000 km

MEO (ICO)

10,000 km
HEO

35,768 km
Not drawn to scale

GEO Satellites
• The majority of communications satellites are GEOs. These
support voice, data, and video services, most often
providing fixed services to a particular region.
• For example, GEO satellites provide back-up voice capacity
for majority of U.S. long distance telephone companies
and carry bulk of nation-wide television broadcasts, which
commonly are distributed via from a central point to
affiliate stations throughout country.

GEO’s (Cont’d)
• GEO systems are less complicated to maintain because
fixed location requires relatively little tracking capability
at ground.
• High orbital altitude allows GEOs to remain in orbit
longer than systems operating closer to earth.

GEOs (Cont’d)
• These characteristics, along with their high bandwidth
capacity, may provide a cost advantage over other system
types.
• However, their more distant orbit also requires relatively
large terrestrial antennae and high-powered equipment
and are subject to delays.

REMOTE SENSING SYSTEM CONT.

DEFINITION

Conversion of remote sensed data in useful information:

1) Source of EM energy (sun/self emission: transmitter onboard
sensor).
2) Transmission of energy from the source to the surface of the
earth and its interaction with the atmosphere
(absorption/scattering).
3) Interaction of EMR with the earth surface (reflection,
absorption, transmission) or re-emission/self emission.
4) Transmission of reflected/emitted energy from the surface to
the remote sensor through the intervening atmosphere.
5) Recording of EMR at the sensor and transmission of the
recorded information (sensor data output) to the ground.
6) Preprocessing, processing, analysis and interpretation of sensor
data.
7) Integration of interpreted data with other data sources for
deriving management alternatives and applications.

THE PROCESS

A. Energy Source or Illumination
B. Radiation and the Atmosphere

C. Interaction with the Target
D. Recording of Energy by the Sensor
E. Transmission, Reception, and Processing
F. Interpretation and Analysis
G. Application
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THE PROCESS

THE PROCESS

Remote sensing systems
which measure energy that is
naturally available are called
passive sensors

Passive sensors

Active sensors, on the other
hand, provide their own energy
source for illumination
Active sensors
Department of Mining Engineering, IIT Kharagpur

EMR
EMR consists of an electrical field (E) which varies in magnitude in a
direction perpendicular to the direction in which the radiation is
travelling, and a magnetic field (M) oriented at right angles to the
electrical field. Both these fields travel at the speed of light (c).
EMR is considered to be constituted by energy particles called
Photons. These photons carry energy and momentum and have no mass
at rest.
Basic energy carried by these photons is given by:
E = hν or E = hc/ λ, E is the energy of a photon in Joules, h is Planck's
Constant = 6.626 x 10 -34 Js
The longer the wavelength of EM radiation, the lower is its energy
content
So it implies: Naturally emitted long wavelength radiation (e.g.
microwaves) from terrain features, is more difficult to sense than
radiation of shorter wavelengths, such as emitted thermal infra red (TIR)
because these carry lower energy.

BASICS

ELECTROMAGNETIC RADIATION
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EMR
The electromagnetic spectrum ranges from the shorter
wavelengths (including gamma and x-rays) to the longer
wavelengths (including microwaves and broadcast radio
waves).
There are several regions of the electromagnetic spectrum
which are useful for remote sensing. For example, optical
region (0.30 - 15 µm), consisting of reflective and emissive
portion of EM spectrum, and microwave regions are very
useful.
Optical wavelength region: This is one of the most
important regions for remote sensing. Various divisions of the
same are given below.

Optical wavelength region:
1)
2)
3)
4)

5)

a (i) and a (ii) together is also called reflective IR. However, terms like Near IR and
Middle IR are preferred.
In (a) energy sensed is primarily radiations from the sun and reflected by objects on the
earth.
Name visible due to the fact that human eye responds to radiations in these
wavelengths.
No special term is applied to region 3.0 to 7.0 µm as atmospheric effects greatly
complicate interpretation of radiation and hence limit usefulness of application for
satellite remote sensing.
Term emissive and thermal are used to designate portion (b). However, caution with use
of name be observed as both reflection and solar radiation also occur in this region as
well as emission. Far IR is the preferred name

Name

Wavelength ( µ m)

Optical wavelength

0.30 - 15.

(a) Reflective portion

0.38 - 3.00

(i) Visible

0.38 - 0.72

(ii) Near IR

0.72 - 1.30

(iii) Middle IR

1.30 - 3.00

(b)
Far
Emissive)

IR

(Thermal,

7.00 - 15.0

Visible Spectrum
The light which our eyes - our remote sensors - can detect is part of the visible
spectrum. The visible wavelengths cover a range from approximately 0.4 to 0.7 µ m.
The longest visible wavelength is red and the shortest is violet.
The visible portion is very small compared to the overall spectrum. There is a lot of
radiation around us which is invisible to our eyes, but can be detected by other remote
sensing instruments and used to our advantage.
The visible portion is the only portion of the EM spectrum we can associate with the
concept of colours with the following well known spectral regions:
Violet 0.400-0.446µ m
Blue 0.446-0.500µ m
Green 0.500-0.578µ m
Yellow 0.578-0.592µ m
Orange 0.592-0.620µ m
Red0.620-0.700µ m
Blue, green, and red are the primary colours or wavelengths of the visible spectrum.
They are defined as such because no single primary colour can be created from the
other two, but all other colours can be formed by combining blue, green, and red in
various proportions.
Although we see sunlight as a uniform or homogeneous colour, it is actually
composed of various wavelengths. The visible portion of this radiation can be shown
when sunlight is passed through a prism.

BASICS

ELECTROMAGNETIC RADIATION
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Infrared (IR) Region
The IR Region covers the wavelength range from approximately 0.7 µ m
to 100 µm - more than 100 times as wide as the visible portion!
The infrared region can be divided into two categories based on their
radiation properties - the reflected IR, and the emitted or thermal IR.

Microwave Region
The microwave region ranges from about 1.0 mm to 1.0 m.
This covers the longest wavelengths used for remote sensing.
The shorter wavelengths have properties similar to the thermal infrared
region while the longer wavelengths approach the wavelengths used for
radio broadcasts.

EMR interaction in Atmosphere
Each time the EMR passes through the atmosphere, it undergoes absorption and
scattering. For both active remote sensing systems (which illuminate the target
with their own energy) and passive systems (which observe naturally occurring
reflected radiation), EMR makes two passes through the atmosphere- one while
coming to the ground target and other during its return to the remote sensor.
Both absorption and scattering act to reduce or attenuate the amount of
radiation received by the satellite during both passages.
Absorption Energy is absorbed and re-radiated again in all directions, usually
over a different range of wavelengths. This is a case of radiation-matter
interactions, in which the quantification of energy is important, so we will use
the particle description of EMR.
Scattering Energy is lost by redirection away from the satellite's field of view,
but wavelength remains the same

BASICS

ELECTROMAGNETIC RADIATION

Scattering

Absorption

Radiation that is not absorbed or scattered in the atmosphere can reach and interact with
the Earth's surface.
Three forms of interaction that can take place when energy strikes, or is incident (I) upon the
Department of Mining Engineering, IIT Kharagpur
surface. These are: absorption (A); transmission (T); and reflection (R).

Spectra of surfaces
Effective utilization of remotely sensed data requires good
understanding of spectral characteristics of ground features and factors
that affect these spectral responses.
Spectral reflectance curve The graph of spectral reflectance of an object
as a function of wavelength is termed a spectral reflectance curve.
Spectral reflectance curves are generally collected in advance of a remote
sensing survey to help in both the identification of different surfaces and
to decide on which remote sensor should be used to observe them.
The spectral reflectance characteristics of four main types of
environmental surface is carried out:
Vegetation,
Water,
Snow &
Soil.

B2

B3

BASICS

B1

Spectral reflectance curves for different features
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Properties used in RS for discrimination

The following four properties are used for interpretation of
RS information:
Spectral wavelength or frequency, refractive or emissive
properties of objects during interaction of EMR
Spatial viewing angle of sensor, shape and size of the object,
position, site, distribution, texture

Temporal changes in time and position which affect spectral
and spatial properties
Polarization object effects in relation to the polarization
conditions of the transmitter and receiver

Advantages of Remote Sensing
Synoptic View or Bird-Eye View
Wide Area Coverage
Accessing Remote Areas

Repetitive Coverage

Obtaining Temporal Data
Land-use Change Detection
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Limitations of Remote Sensing

Cloud cover – No data obtained in the visible range of spectrum
Lower ground resolution – Generally inadequate for detailed study
at the microlevel
Lower position accuracy – Not adequate for small area mapping with
geographical accuracy
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Advantages
RS instrumentation facilitates observation of the environment with EMR even
outside the visible part of the EM spectrum making the invisible as visible
RS offers flexible approaches in the form of a variety of RS observation
techniques and digital image processing (DIP) algorithms for optimum approach
to information extraction
RS data can be reproduced at any time. Analogue and digital recorded imaged
can be viewed at leisure; they can be processed with instrumental equipment or
with DIP systems and interpreted and analyzed with the aid of prior knowledge,
or in combination of RS and Geographical Information System (GIS).
Allows for an image recording of large area in a short time. In addition, there is
a high degree of reality in comparison with the conventional methods of
mapping.
Data disclose processes on the earth's surface both with regard to an
instantaneous reproduction as well as change detection. Hence, RS can be
considered dynamical/temporal.
Satellite images may open up inaccessible regions
RS as source of information may repeat, alter and improve the analysis of the
images of the observed objects can be stored and compared with more recent
images at later time.

Major Satellite Systems Worldwide
•

Geostationary (Met satellites)

–

Meteosat (Europe)

–

GOES (US)

–

GMS (Japan)

–

INSAT (India)

•

Polar Orbiting

–

LANDSAT (US)

–

SPOT (FRANCE)

–

NOAA (US)

–

IRS (India)

–

ERS-1, -2 (EUROPE)

–

ADEOS (JAPAN)

–

RADARSAT (CANADA)

–

JERS (JAPAN)

–

ENVISAT (EUROPE)
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Image Formation by Ground Scanning
Photographic (visible / NIR, recorded on film, (near) instantaneous)

•

Whiskbroom Scanner (A)

– visible / NIR / MIR / TIR
– point sensor using rotating mirror

– build up image as mirror scans
A

– Landsat MSS, TM

•

Pushbroom Scanner (B)

– mainly visible / NIR
– array of sensing elements (CCDs)
– build up line by line
– SPOT, IRS

B
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Image Characteristics
• Consists of Pixel each with specific DN Values

• Pixels arranged in a 2D Grid (Array or Matrix)
• Pixel location read as rows / columns value
• Pixel formed by Cumulative Intensity Value of No. of Bands
available
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Remote sensing in India

India, one of the leading nations in space science, has directed its efforts in three main areas (Reference
):
Development of remote sensing satellites under Indian Remote Sensing Satellite (IRS) series
Development of communication and meteorological satellites under INSAT series
Development of different types of launch vehicles to put the satellites in proper orbits.
In India, Department of Space with ISRO (headquarter at Bangalore) as the nodal agency is responsible
for coordinating all efforts in space technology. National Remote Sensing Agency (NRSA at Hyderabad) is
responsible for satellite data dissemination to the user community.
So far nine IRS satellites have been launched: IRS-1A, IRS-1B, IRS-1C, IRS-1D, IRS-P3 and IRS-P4
(OCEANSAT), and Technology Experiment Satellite (TES), and IRS-P6 (RESOURCESAT), CARTOSAT-1.
The first two IRS-1A and 1B have completed their useful life and the remaining six forms the largest
constellation of remote sensing satellites in the world offering a variety of data in different spectral
bands and various spatial resolutions.
INSAT system is the largest domestic satellite communication system in Asia Pacific Region comprising
of four satellites, INSAT-2C, INSAT-2D, INSAT-2E and INSAT-3B. Besides these satellites, INSAT-1D, which
was launched in June 1990, is used for meteorological imaging and a few other services even after
eleven years of operation. INSAT-2B launched in July 1993 is decommissioned from regular services but is
used for Satellite Aided Search and Rescue and Data Relay Services and scientific experiments.

San Elijo, California
Date: October 1, 1994
Color Composite: Infrared, Red, Green (RGB)
Spatial Resolution: 1 Meter Per Pixel

Quick Bird Images of Tsunami Sites (Indonesia)

Banda Aceh Shore
Imagery collected December 28, 2004
Description: Shore detail

