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Definitions of Remote Sensing

• Remote Sensing is the science of acquiring,
processing and interpreting images that record the
interaction between electromagnetic energy and
matter. (Sabins, 1996).

• Remote Sensing is the science and art of obtaining
information about an object, area, or phenomenon
through the analysis of data acquired by a device
that is not in contact with the object, area, or
phenomenon under investigation. (Lillesand and
Kiefer, 1994).
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Remote Sensing Principles 

• Sensors record radiation in 

one or more regions of the 

electromagnetic spectrum 

that are either:

� Reflected,

� Emitted.
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• Different sensors measure 

different parts of the 

electromagnetic spectrum.

• Each object has its own 

spectral signature, 

– It is possible to distinguish 

between different objects.



EM Spectrum

• “Electromagnetic spectrum” is the full sweep of different 

types of radiation arranged according to wavelength.

• Remote sensing images are taken within specific spectral 

regions
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EM Spectrum for RS
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Spectral Reflectance

• Spectral reflectance equals the energy reflected from the object 

divided by the energy incident upon the object and is expressed 

as a percentage.

• At a given wavelength, the higher the reflectance, the brighter 

the object appears in an image.the object appears in an image.
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Spectral Response Patterns

• A spectral reflectance curve is a graph of the spectral 

reflectance of an object as a function of wavelength.

• The configuration of spectral reflectance curve gives insight into 

the spectral characteristics of an object.

• Distinctive spectral response patterns exist for various earth 

surface featuressurface features
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The figure shows typical spectral 

reflectance curves for:

•Healthy vegetation.

•Dry bare soil.

•Clear lake water.



Platforms Used to Acquire Remote Sensing Data

• Space-borne (shuttle, satellite).

– Provides lower resolution but over the 

entire planet.

– Often, it is the only way to acquire 

data in inaccessible parts of the 

world.

• Airborne (airplane).
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– Provides very high resolution over 

limited areas.

– Low, medium and high altitude.

• Ground-based.

– Sensors may be placed on a ladder, 

scaffolding, tall building, crane, etc.

– Often used to record detailed 

information about the surface to 

compare with information collected 

from aircraft or satellite sensors.



Remote Sensing sensors

• Passive sensors : collect 

electromagnetic radiation in the 

visible and infra-red part of the 

spectrum:

– Photographs– Photographs

– Landsat, ASTER, SPOT, IRS satellites

• Active sensors : generate their own 

radiation:

– Air-borne radar

– Space borne radar: ERS 1 / 2, Radarsat

– Lidar (laser scanner)
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System Resolutions

• Spatial resolution.

• Spectral resolution.

• Radiometric resolution.
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• Radiometric resolution.

• Temporal resolution.



Spatial Resolution

• The instantaneous field of view (IFOV).

– The area on the ground that is viewed by the 

instrument from a given altitude at any given instant of 

time.
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10 m



100 meter resolution

Spatial Resolution

30 meter resolution5 meter resolution
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NOAA-AVHRR 8 km WiFS 60-200m Landsat TM 30mMODIS 250-500m

Spatial Resolution: Illustration
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IKONOS 1-4 m IRS PAN 5.8m

QUICKBIRD 0.6m



Spectral Resolution

Width of the spectral bands in the sensor.
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Spectral Bands

The more narrow the 

wavelength band, the 

better the spectral 

resolution.
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resolution.



Radiometric Resolution

• The number of digits used to express the data collected by the 

sensor (the bit quantization). Number of reflectance values that 

can be recorded
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Number of Bits and Colors

• Number of shades = 2bits Number of  

Bits

Number of 

Colors

1 2

2 4

3 8

4 16

5 32

6 646 64

7 128

8 256

9 512

10 1,024

11 2,048

12 4,096

13 8,192

14 16,384

15 32,768

16 65,536

17 131,072

18 262,144

24 16,777,216
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Temporal Resolution

• It is the time that elapses between two successive acquisitions of 

imagery (how frequently the image is acquired)

• Eg. AVHRR daily coverage vs. Landsat TM every 16 days

• Some satellite systems are able to point their sensors to image the 

same area between different satellite passes separated by periods 

from one to five days.
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from one to five days.



Operational Earth observation systems

• Low resolution systems

– Spatial resolution of 1 – 5 km

• Medium resolution systems

– Spatial resolution between 10 -100 m.– Spatial resolution between 10 -100 m.

• High resolution systems

– Spatial resolution better than 10 m.
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Low Resolution Systems
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Low Resolution Systems
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• Landsat MSS : 4 bands; Spatial Res. ~ 60 m.

ETM+ : 8 bands; Spatial Res. 15 – 30 m.

Enhanced Thematic Mapper

• Terra ASTER : 14 bands; Spatial Res. 15 – 90 m.

Medium Resolution Systems
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• Terra ASTER : 14 bands; Spatial Res. 15 – 90 m.
Advanced Spaceborne Thermal Emission and Reflectance 

Radiometer

MODIS : Spatial Res. 250 – 1000 m.

Moderate Resolution Imaging Spectroradiometer

• SPOT 1-4 XS : 3 bands – Spatial Res.20 m.

Pan: 1 band – Spatial Res. 10 m.



High Resolution Satellites

  Ikonos QuickBird OrbView-3 
Sponsor  Space Imaging Digital Globe Orbimage 
Launched  Sept 1999 Oct 2001 June 2003 
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Launched  Sept 1999 Oct 2001 June 2003 
Spatial Resolution Panchromatic 1.0 0.61 1.0 

(m) Multi-Spectral 4.0 2.44 4.0 
 Panchromatic 525 - 928 450 - 900 450 - 900 
 Blue 450 - 520 450 - 520 450 - 520 
Spectral Range Green 510 - 600 520 - 600 520 - 600 

(nm) Red 630 - 690 630 - 690 625 - 695 
 Near Infrared 760 - 850 760 - 890 760 - 900 
Swath width (km)  11.3 16.5 8 
Off nadir pointing  ±26° ±30° ±45° 
Revisit time (days)  2.3 - 3.4 1 – 3.5 1.5 - 3 
Orbital Altitude (km)  681 450 470 



Data Acquisition

• Remote Sensing methods are based on the use 

of image data acquired by a sensor, such as 

aerial cameras, scanners or a radar.
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Remote sensing based approach

Ground-based/Terrestrial approach



Digital Image Classification

• A set of quantitative techniques for developing interpreted 

maps from remotely sensed images. 

• The operator instructs the computer to perform an 

“interpretation” according to certain conditions.

• All pixels in the image assigned to particular land cover 
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• All pixels in the image assigned to particular land cover 

classes;

– Based on the analysis of multi-spectral data,

– Statistical aggregation of spectrally similar pixels.

Image (pixels) � Information 



Digital Image Classification

• Digital image classification is based on the different spectral 

characteristics of the Earth’s surface:

• Plants – crops

• Soil

• Rocks
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• Human elements

• (roads, houses etc.)

• Water – suspended materials

Image (pixels) � Information 



Information & Spectral Classes

• The resulting classified image is comprised of pixels, each of 

which belongs to a particular theme or class. 

• Spectral classes

groups of pixels that are uniform (or near-similar) with respect 

to their brightness values in the different spectral channels to their brightness values in the different spectral channels 

(bands) of the data (e.g., land cover). 

• Information classes

categories of interest to the users of the data, such as land 

use, crop type, forest type, etc.



Merits of Remotely Sensed Data

• Wide spectral resolution (extends to infra-red and 

microwave).

• Adequate spatial resolution (map-accurate data).

• Broad regional coverage (less storage, less ground control).

• Continuous acquisition of data (up-to-date information).
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• Continuous acquisition of data (up-to-date information).

• Regular revisit capabilities (multi-temporal data).

• Large archive of historical data (since 1972).

• Data in digital format (ability to manipulate and integrate 

satellite data).

• Some sensors offer possibility of stereo viewing, others 

operate in all seasons, at night, and in bad weather.



Remote Sensing Applications

• Agriculture and Forestry

– Discrimination of vegetative, crop, and 

timber types

– Measurement of crop acreage, and 

estimating crop yields

– Wildlife habitat assessment

• Land Use and Mapping

• Water and Coastal Resources

– Mapping of floods and flood plains

– Delineation of irrigated fields

– Determination of turbidity patterns 

and circulation

– Mapping shoals and shallow areas

– Mapping shoreline changes and beach 

erosion
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• Land Use and Mapping

– Cartographic mapping and map 

revision

– Classification of land uses

– Monitoring urban growth

– Regional planning

• Geology

– Mapping of major geologic units

– Mapping landforms

– Mineral resource exploration

erosion

• Environment

– Monitoring environmental effects of 

human activities

– Mapping and monitoring of water 

pollution

– Determination of effects of natural 

disasters

– Sit selection for solid waste disposal, 

power plants and other industries



Summary

• RS sensors can be divided into passive and active
sensors

• Passive sensors detect EM radiation in the visible and 
IR part of the spectrum

• Active sensors (radar) generate their own radiation
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• Active sensors (radar) generate their own radiation

• There exist different RS platforms: space-borne, air-
borne (plane, helicopter, micro-light)

• For analysis of the RS images ground checking/control 
is also needed

• RS images can be used in a wide array of applications.


