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Abstract 

This chapter does not summarize the complete science of remote sensing. It allows you to inspect remote 

sensing as the source of data, which are indispensable nowadays. It shows the remote sensing process from 

sensing of data to getting information. An overview of physical elements of remote sensing: principles of remote 

sensing, sources of energy, effects of the atmosphere, reflectance and spectral characteristics of main target 

types, sensor systems, data capturing tools, remotely sensed data types, resource locating satellite systems with 

emphasis on high optical sensors. It summarized some procedures commonly used in analyzing and interpreting 

remote sensing images. Examples of applications you find are only representative, but not exhaustive. Through 

those examples we show the remote sensing as data source and the benefits of remote sensing applications. 

The right to this intellectual property is protected by the 1999/LXXVI copyright law. Any unauthorized use of this material is prohibited. No 

part of this product may be reproduced or transmitted in any form or by any means, electronic or mechanical, including photocopying, 
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Chapter 6. Remote Sensing 

1. 6.1 Introduction 

This chapter does not summarize the complete science of remote sensing. It allows you to inspect remote 

sensing as the source of data, which are indispensable nowadays. It shows the remote sensing process from 

sensing of data to getting information. An overview of physical elements of remote sensing: principles of remote 

sensing, sources of energy, effects of the atmosphere, reflectance and spectral characteristics of main target 

types, sensor systems, data capturing tools, remotely sensed data types, resource locating satellite systems with 

emphasis on high optical sensors. It summarized some procedures commonly used in analyzing and interpreting 

remote sensing images. Examples of applications you find are only representative, but not exhaustive. Through 

those examples we show the remote sensing as data source and the benefits of remote sensing applications. 

2. 6.2 Physical Principles 

Remote sensing is the measurement of the acquisition of data about the Earth’s surface without contact with it. 

This is done by sensing and recording reflected or emitted electromagnetic radiation. Remote sensing involves 

analyzing and applying that information. The process involves the following elements (Fig. 6-1., Ravi P. Gupta 

,1991): 

• Energy source - the first requirement for remote sensing is an energy source which provides electromagnetic 

energy. 

• Radiation and the atmosphere – as the energy travels from its source to the target, it will come in contact 

with and interact with the atmosphere it passes through. This interaction may take place a second time (active 

remote sensing) as the energy travels from the target to the sensor. 

• Interaction with the target - once the energy makes its way to the target through the atmosphere, it interacts 

with the target depending on the properties of both the target and the radiation. 

• Recording of energy by the sensor - after the energy has been reflected by, or emitted from the target, we 

require a sensor (remote - not in contact with the target) to detect and record the electromagnetic radiation. 

• Transmission, reception, and processing - the energy recorded by the sensor has to be transmitted, often in 

electronic form, to a receiving and processing station where the data are processed into an image (hardcopy 

and/or digital). 

• Interpretation and analysis - the processed image is interpreted, visually and/or digitally, to extract 

information about the target. 

• Application - the final element of the remote sensing process is achieved when we apply the information we 

have been able to extract from the imagery about the target in order to better understand it, reveal some new 

information, or assist in solving a particular problem. 
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Fig. 6-1. The physical elements of remote sensing process: energy source, radiation and the atmosphere, 

interaction with the target, sensing, analysis and application 

2.1. 6.2.1 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 (Fig. 6-2.). The wavelength is the distance between 

successive wave crests. Wavelength is usually represented by lambda (λ) and measured in meters or some factor 

of meters such as nanometers (nm, 10-9m) or micrometers (μm, 10-6m). 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. 

 
Fig. 6-2. Electromagnetic wave, λ-wavelength. Source: 

http://www.landmap.ac.uk/ipc/ccrs/chapter1/chapter1_2_e.html 

The electromagnetic spectrum 

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 ((Fig. 6-3.). 

The visible wavelengths cover a range from approximately 0.4 to 0.7 μm. The light which human eyes can 

detect is part of the visible spectrum. This is the only portion of the spectrum we can associate with the concept 

of colors. The primary colors of the light are blue, green and red. Other colors can be made by combining them 

in various proportions. 

The infrared (IR) part of the electromagnetic spectrum covers the range from roughly 0.7 μm to 1 mm. The 

infrared region can be divided into two categories based on their radiation properties - the reflected IR, and the 
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emitted or thermal IR. Physical processes that are relevant for this range are similar to those for visible light. 

The reflected IR covers wavelengths from 0.7 μm to 5.0 μm. It can be divided into near- and mid parts. The 

thermal IR region is quite different than the visible and reflected IR portions, as this energy is essentially the 

radiation that is emitted from the Earth's surface in the form of heat. The thermal IR covers wavelengths from 

approximately 3.0 μm to 100 μm. The Earth emits most strongly in approximately 10 μm (Ravi P. Gupta,1991). 

 
Fig. 6-3. Types of energy level changes associated with different part of electromagnetic spectrum 

The microwave covers region from about 1 mm to 1 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. 

2.2. 6.2.2 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 ((Fig. 6-4.). 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. 

 
Fig. 6-4. Interaction with the Atmosphere: scattering, absorption 

Absorption is the other main mechanism when electromagnetic radiation interacts with the atmosphere and 

molecules of the atmosphere to absorb energy at various wavelengths. Ozone, carbon dioxide, and water vapour 

are the three main atmospheric constituents which absorb radiation. These gases absorb electromagnetic energy 

in very specific regions of the spectrum. There are some regions of the spectrum where radiation is passed 

through the atmosphere with relatively little attenuation and are useful to remote sensing. Those regions are 

called atmospheric windows. 

2.3. 6.2.3 Interaction with the target 
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Radiation passed through the atmosphere interact with the Earth's surface. There are three forms of interaction: 

absorption, transmission and reflection. In remote sensing, we are most interested in measuring the radiation 

reflected from targets. We refer to two types of reflection, which represent the two extreme ends of the way in 

which energy is reflected from a target: specular and diffuse reflection. The interaction with the surface 

depends on the wavelength of the energy and the material and condition of the surface feature. Different 

materials reflect and absorb differently the electromagnetic spectrum. The reflectance spectra of a material is a 

plot of the fraction of radiation reflected as a function of the incident wavelength and serves as a unique 

signature for the material. The following graph ((Fig. 6-5.) shows the typical reflectance spectra of five 

materials: clear water, turbid water, two types of soil (dry and wet), and vegetation (Lillesand T. at al, 2008, 

http://www.cis.rit.edu/class/simg553_01/agriculture.html). 

The reflectance of clear water is generally low. The reflectance is maximum at the blue part of the spectrum 

and decreases as wavelength increases. Turbid water has some sediment suspension which increases the 

reflectance in the red part of the spectrum. Soil reflectance dependents on its physical and chemical properties. 

Most important factors determining reflectance are the following: organic matter, moisture content of soil, 

parent rock, existing colored compounds. In the example shown, the reflectance increases monotonically with 

increasing wavelength. If moisture content of soil increases, there is a decrease in reflectance. The reflectance of 

vegetation is low in both the blue and red regions of the visible spectrum, due to absorption by chlorophyll for 

photosynthesis. It has a peak at the green region which gives rise to the green color of vegetation. In the near 

infrared (NIR) region, the reflectance is much higher than that in the visible band due to the cellular structure in 

the leaves. In the mid infrared there are more water absorption regions. 

 
Fig. 6-5. Reflectance of common natural objects: water, soil and vegetation 

3. 6.3 Imaging Systems (Sensors) 

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

records energy that is reflected such as visible wavelenghts from the sun or emitted (thermal infrared) from the 

source. Passive sensors can only be used to detect energy when the naturally occurring energy is available. 

Active sensors rely on their own sources of radiation for illuminating objects. The sensor emits radiation which 

is directed toward the target to be investigated. The reflected energy from that target is detected and measured 

by the sensor ((Fig. 6-6.). 

http://www.cis.rit.edu/class/simg553_01/agriculture.html
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Fig. 6-6. Scheme of active and passive sensors 

Electromagnetic energy may be detected either photographically or electronically and the images produced may 

be analog or digital. Aerial photographs are examples of analog images while satellite images acquired using 

electronic sensors are examples of digital images. A digital image comprises of a two dimensional array of 

individual picture elements (pixels) arranged in columns and rows. Each pixel represents an area on the Earth's 

surface. A pixel has an intensity value and a location address in the two dimensional image ((Fig. 6-7.). 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. This value is normally the 

average value for the whole ground area covered by the pixel. The intensity of a pixel is recorded as a digital 

number and stored with a finite number of bits (binary digits). 

The most popular sensors used in passive remote sensing are the camera, image plane scanning sensors, such as 

TV cameras and multispectral scanners coving both along-track scanning systems (SPOT) and across-track 

scanning sensors, such as multispectral scanners (LANDSAT MSS, TM; optical-mechanical scanner) and 

scanning microwave radiometers. 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. 

 
Fig. 6-7. Digital image, you can see pictures elements (pixels). Every pixel has an intensity value and a location 

address in the two dimensional image (columns and rows) 

3.1. 6.3.1 Satellites and sensors 

A sensor collecting and recording energy must reside on a platform. Platforms for remote sensors may be 

situated on the ground, on an aircraft or balloon or on a spacecraft and on satellite outside of the Earth's 

atmosphere. Satellites used in remote sensing are objects which revolve around the Earth. The path followed by 

a satellite is referred to as its orbit. Orbits vary in terms of altitude and their orientation and rotation relative to 

the Earth. There are two orbits used to: geostationary and near polar ((Fig. 6-8.). 
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Fig. 6-8. A near-polar sun synchronous and a geostationary orbits. 

http://www.crisp.nus.edu.sg/~research/tutorial/spacebrn.htm, 

Most of the remote sensing satellites use near-polar and sun-synchronous orbits. That means that the orbital 

plane inclined at a small angle with respect to the earth's rotation axis, the satellite travels northwards on one 

side of the Earth and then toward the southern pole on the second half of its orbit. As a satellite revolves around 

the Earth, the sensor "sees" a certain portion of the Earth's surface. The area imaged on the surface, is referred to 

as the swath. While a satellite revolves in the orbit the Earth is rotating beneath it. This movement allows the 

satellite to cover a new area (next swath). The satellite's orbit and the rotation of the Earth work together to 

allow complete coverage of the Earth's surface, after it has completed one complete cycle of orbits. 

If a satellite follows an orbit parallel to the equator in the same direction as the earth's rotation and view the 

same portion of the Earth’s surface at all times. The satellite is stationary with respect to the earth surface. This 

orbit is a geostationary orbit. Satellites in the geostationary orbits are located at a high altitude of 36,000 km. A 

large area of the earth can also be covered by the satellite. The geostationary orbits are commonly used by 

meteorological satellites. 

At present there is a big assortment of satellite systems actively recording information about the planet. Each of 

these systems vary in terms of their spatial, spectral, radiometic and temporal resolution. A scanning system 

used to collect data over a variety of different wavelength ranges is called a multi-spectral scanner, and is the 

most commonly used scanning system. There are two main methods of scanning employed to acquire multi-

spectral image data - across-track scanning, and along-track scanning. 

Several remote sensing satellites are currently available, providing imagery suitable for various types of 

applications. Each of the sensor is characterised by the wavelength bands employed in image acquisition 

(spectral resolution), radiometric resolution, spatial resolution of the sensor, the coverage area and the 

temporal coverage. 

Characteristics of sensors: 

• Spectral resolution: describes the ability of a sensor to define fine wavelength intervals. The finer the 

spectral resolution, the narrower the wavelength range for a particular channel or band (panchromatic, multi-

spectral and hyper-spectral sensors). 

• Radiometric resolution: describes the sensor is ability to discriminate very slight differences in energy. The 

finer the radiometric resolution of a sensor, the more sensitive it is to detecting small differences in reflected 

or emitted energy. 

• Spatial resolution: describes the area of the earth that each pixel represents (the size of the smallest possible 

feature that can be detected). 

• Temporal resolution: refers to the repetitivity of observation over an area and is equal to the time interval 

between successive observations. 

Using those characteristics we are collecting the most common land observation satellites into following groups: 

In terms of the spatial resolution, the satellite imaging systems can be classified into: 

• Low resolution systems (approx. 1 km or more) 
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• Medium resolution systems (approx. 100 m to 1 km) 

• High resolution systems (approx. 5 m to 100 m) 

• Very high resolution systems (approx. 5 m or less) 

In terms of the spectral regions used in data acquisition, the satellite imaging systems can be classified 

into: 

• Optical imaging systems (include visible, near infrared, and shortwave infrared systems) 

• Thermal imaging systems 

• Synthetic aperture radar (SAR) imaging systems 

Optical/thermal imaging systems can be classified according to the number of spectral bands used: 

• Panchromatic imaging systems: the sensor is a single channel detector sensitive to radiation within a broad 

wavelength range. If the wavelength range coincides with the visible range, then the resulting image is called 

panchromatic (black-and-white) image. The physical quantity being measured is the apparent brightness of 

the targets. Examples of panchromatic imaging systems are: IKONOS Pan, QuickBird Pan, SPOT Pan, 

LANDSAT ETM+ Pan 

• Multi-spectral imaging system: The sensor is a multi-channel detector with a few spectral bands. Each 

channel is sensitive to radiation within a narrow wavelength band. The resulting image (multilayer image) 

contains both the brightness and spectral (color) information of the targets being observed. Examples of 

multi-spectral systems are: Landsat TM, MSS, Spot HRV-XS, Ikonos MS, QuickBird MS 

• Super-spectral/Hyper-spectral imaging system: it acquires images in many more spectral channels than a 

multi-spectral sensor (from tens to hundreds of spectral bands). The precise spectral information contained in 

a hyper-spectral image enables better characterization and identification of targets. Examples of hyper-

spectral systems are: MODIS, MERIS. 

In following we summarized the main information of the most important satellite systems. 

3.2. 6.3.2 LANDSAT PROGRAM 

The LANDSAT Program is the longest running program in the collection of multi-spectral, digital data of the 

earth's surface from space. The program has operated continuously since LANDSAT 1 (then the Earth 

Resources Technology Satellite (ERTS) 1) was launched on July 23, 1972. Seven LANDSAT satellites have 

been launched but six successfully. All 6 satellites have operated from a repetitive, circular, sun-synchronous, 

near-polar orbit and on each day-side pass, scan a ground swath 185km wide beneath the satellite. The first three 

satellites carried the Multi-spectral Scanner (MSS) as the main imaging instrument and a Return Beam Vidicon 

(RBV). The paths of these satellites were inclined 99 degrees with an 18 day repeat cycle and an equatorial 

crossing of between 8:50 and 9:30am local time. The next two satellites (LANDSAT 4-5) have the Thematic 

Mapper (TM) sensor as well as the MSS, are inclined 98 degrees, have a repeat cycle of 16 days and have an 

equatorial crossing of 9:45am local time. The nominal altitude of the satellites was 920km for LANDSAT 1-3 

and 705km for LANDSAT 4-5. The sensors imaged a 185-km swath. Figure 6-9. shows a multi-spectral (TM 

354) image made by LANDSAT. 
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Fig. 6-9. LANDSAT5 and LANDSAT7 satellite and the image (LANDSAT TM 354) made in 2006 (fragment, 

Székesfehérvár, Velence). Source: 

http://ltpwww.gsfc.nasa.gov/IAS/handbook/handbook_htmls/chapter1/chapter1.html 

LANDSAT 6 was to represent a departure from the earlier satellites with an enhanced Thematic Mapper and no 

MSS. Unfortunately this satellite, launched in early 1993, was lost on launch without any backup. Landsat 7 is 

the latest satellite in this series, launched on April 15th, 1999. The instrument on its board is the Enhanced 

Thematic Mapper Plus (ETM+). ETM+ is a passive sensor that measures solar radiation reflected or emitted by 

the Earth's surface. The instrument has eight bands sensitive to different wavelengths of visible and infrared 

radiation and has better resolution in the thermal infrared band than the Thematic Mapper (TM) instrument 

carried by Landsat 4 and 5. The characteristics of LANDSAT sensors are summarized in table 6-1. 

(http://www.trfic.msu.edu/data_portal/Landsat7doc/intro_landsat.html). 

Table 6-1.  The characteristics of LANDSAT sensors 
 

System sensor Resoluti

on 

(meters) 

Resoluti

on (day) 
Resolution 

(spectral) 

LANDSAT 

1-3 
RBV 

MSS 
80 18 1-3 4 

LANDSAT 

4-5 
MSS 

TM 
80 

30/120* 
16 4 7 

LANDSAT 

7 
ETM+ 15 (pan) 

30/60* 
16 1 7 

* the thermal infrared band 

3.3. 6.3.3 SPOT PROGRAM 

The French SPOT satellites have been providing high quality satellite images since the launch of the first SPOT 

satellite in 1986. More than two decades of data from the entire globe area available, making SPOT the 

preferred solution in many applications where time series are important. The SPOT system is flexible with more 

http://www.trfic.msu.edu/data_portal/Landsat7doc/intro_landsat.html
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sensors in orbit with spatial resolutions ranging from 2.5 m to 20 m. The sensors can be programmed so it is 

possible for SPOT to cover an specific areas of interest every day. The viewing angle of sensors is adjustable 

through ±27º relative to the vertical. This off-nadir viewing enables the acquisition of stereoscopic imagery and 

provides a short revisit interval of 1 to 3 days (at-nadir 26 days). A SPOT scenes covers as much as 60 x 60 km 

and therefore SPOT is an attractive solution for large areas, for instance in relation to agricultural monitoring 

and natural resource assessment. The first three satellites carried two HRV sensors and SPOT 4, 5 carry the 

HRVIR detectors. The HRVIR is similar to the HRV, except that HRVIR has an additional short wave infrared 

(SWIR) band, and the wavelength bandwidth of the panchromatic mode for HRVIR is narrower than that for 

HRV. The SPOT 4 and 5 satellites carry on-board a low-resolution wide-coverage instrument (VEGETATION) 

for monitoring the continental biosphere and to monitor crops. The characteristics of SPOT sensors are 

summarized in table 6-2. Figure 6-10. shows a multi-spectral image (bands: 243) made by SPOT. 

 
Fig. 6-10. LANDSAT5 and LANDSAT7 satellite and the image (LANDSAT TM 354) made in 2006 (fragment, 

Székesfehérvár, Velence). Source: http://www.satimagingcorp.com/satellite-sensors/spot-5.html 

Table 6-2. The characteristics of SPOTsensors 
 

System sensor Resoluti

on 

(meters) 

Resoluti

on (day) 
Resolution 

(spectral) 

SPOT 1-3 HRV/P 

HRV/M 
10 20 1-3* 1 3 

SPOT 4 HRVIR/P 

HRVIR/M 

VEGETA

TION 

10 20 

1100 
1-3* 1 4 4 

SPOT 5 HRVIR/P 

HRVIR/M 

HRS 

VEGETA

TION 

5 (2.5) 

10/20 

10 1100 

1-3* 1 4 1 4 

* off-nadir viewing 
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3.4. 6.3.4 High resolution systems 

There are numerous systems have been launched, that achieve a spatial resolution of better than 5 m. To the 

earliest of them belong IKONOS, QuickBird, WORLDVIEW or GEOEYE. IKONOS is a commercial satellite 

that collects high-resolution imagery at 1- and 4-meter resolution. It offers multi-spectral (MS) and 

panchromatic (PAN) imagery. IKONOS was launched in 1999. The QuickBird satellite was launched on 

October 18, 2001. QuickBird offers panchromatic (PAN) imagery at 60- and 70-centimeter resolutions and 

multi-spectral (MS) imagery at 2.4 - and 2.8-meter resolutions. The characteristics of the two satellites are 

summarized in table 6-3. Figure 6-11. shows a panchromatic and multi-spectral images made by QuickBird. 

GeoEye is equipped with the most sophisticated technology ever used in a commercial satellite system. It offers 

spatial resolution by simultaneously acquiring 0.41-meter panchromatic and 1.65-meter multi-spectral imagery. 

Table 6-3. IKONOS and QuickBird characteristics 
 

 
IKONOS QuickBird 

Launch data 1999 2001 

Orbit altitude 681 km 450 km 

Revisit time 1-3.5 days 1-3.5 days 

Swath 11 km at nadir 16.5 km at nadir 

Resolution 

(meter) 
Pan: 0.81* – 1 

m, MS: 3.2* – 

4.00 m 

Pan: 0.61* – 

0.72 MS: 2.44* – 

2.88m 

Resolution 

(spectral) 
Pan (1 band), 

MS: 4 bands (3 

VIS, 1 NIR) 

Pan (1 band), 

MS: 4 bands (3 

VIS, 1 NIR) 

* at nadir 
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Fig. 6-11. QuickBird satellite and the examples of images (MS, PAN: fragment). Source: 

http://www.satimagingcorp.com/gallery.html 

4. 6.4 Elements of digital image processing 

Interpretation and analysis of remote sensing data involves the identification and measurement of various targets 

in an image in order to extract useful information about them. There are two main methods can be use to 

interpret and extract information of interpretation from images: 

• visual interpretation of images, which is based on feature tone (color), pattern, shape, texture, shadow and 

association. The identification of targets performed by a human interpreter 

• digital processing and analysis may be performed using a computer (without manual intervention by a 

human interpreter). This method can be used to enhance data, to correct or restore the image, to automatically 

identify targets and extract information and to delineate different areas in an image into thematic classes. 

In many case digital processing and analysis is carried out as a complete replacement for manual interpretation. 

Often, it is done to supplement and assist the human analyst. Applying a mix of both methods we can use 

manual and digital techniques advantages. 

Digital processing and analysis 

The most common image processing functions can be placed into the following four categories: 

1. Preprocessing 

2. Image Enhancement 

3. Image Transformation 

4. Image Classification and Analysis 

4.1. 6.4.1 Preprocessing 

Preprocessing functions involve those operations that are normally required prior to the main data analysis and 

extraction of information, and are generally grouped as radiometric or geometric corrections. Some standard 

correction procedures may be carried out in the ground station before the data is delivered to the user. These 

procedures include radiometric correction to correct for uneven sensor response over the whole image and 

geometric correction to correct for geometric distortion due to Earth's rotation and other imaging conditions 

(such as oblique viewing). 

Radiometric corrections. 

Radiometric correction is a preprocessing method to reconstruct physically calibrated values by correcting the 

spectral errors and distortions caused by sensors, sun angle, topography and the atmosphere. Figure 6-12. shows 

a typical systems errors which result in missing or defective data along a scan line. Dropped lines are normally 

corrected by replacing the line with the pixel values in the line above or below, or with the average of the two. 
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Fig. 6-12. Destriping: correction of line dropout. Source: IDRISI Tutorial. 

Geometric corrections 

Geometric corrections include correcting for geometric distortions due to sensor-Earth geometry variations, and 

conversion of the data to real world coordinates (e.g. latitude and longitude) on the Earth's surface. The 

systematic or predictable distortions can be corrected by accurate modeling of the sensor and platform motion 

and the geometric relationship of the platform with the Earth. Therefore, to correct other unsystematic or 

random errors we have to perform geometric registration of the imagery to a known ground coordinate system.  

The geometric registration process can be made in two steps: 

• identifying the image coordinates (i.e. row, column) of several clearly discernible points, called ground 

control points ( GCPs), in the distorted image and matching them to their true positions in ground coordinates 

(e.g. latitude, longitude measured from a map -○). Polynomial equations are used to convert the source 

coordinates to rectified coordinates, using 1st and 2nd order transformation. The coefficients of the 

polynomial are calculated by the least square regression method, that will help in relating any point in the 

map to its corresponding point in the image. 

• resampling: this process is used to determine the digital values to place in the new pixel locations of the 

corrected output image. There are three common methods for resampling: nearest neighbour, bilinear 

interpolation, and cubic convolution (Lillesand T. at al, 2008) 

Image Enhancement 

Image enhancement is conversion of the original imagery to a better understandable level in spectral quality for 

feature extraction or image interpretation. It is useful to examine the image Histograms before performing any 

image enhancement. The x-axis of the histogram is the range of the available digital numbers, i.e. 0 to 255. The 

y-axis is the number of pixels in the image having a given digital number. Examples of enhancement functions 

include: 

• contrast stretching to increase the tonal distinction between various features in a scene. The most common 

types of enhancement are: a linear contrast stretch, a linear contrast stretch with saturation (Fig. 6-13.), a 

histogram-equalized stretch 

• filtering is commonly used to restore imagery by avoiding noises to enhance the imagery for better 

interpretation and to extract features such as edges and lineaments. The most common types of filters: mean, 

median, low-, high pass (Fig. 6-14.), edge detection.... 
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Fig. 6-13. SPOT band 1 (2000) before and after contrast stretching with histograms 

 
Fig. 6-14. SPOT band 1 (2000) before and after filtering (high pass) 

Image Transformation 

Image transformations usually involve combined processing of data from multiple spectral bands. Arithmetic 

operations (i.e. subtraction, addition, multiplication, division) are performed to combine and transform the 

original bands into "new" images which better display or highlight certain features in the scene. Some of the 

most common transforms applied to image data are: image ratioing: this method involves the differencing of 

combinations of two or more bands aimed at enhancing target (i. e. vegetation, 

http://www.iac.ethz.ch/staff/stockli/ndvimeasurement/ndvimeasurement.html) features or principal components 

analysis (PCA). The objective of this transformation is to reduce the dimensionality (i.e. the number of bands) in 

the data, and compress as much of the information in the original bands into fewer bands. 

4.2. 6.4.2 Image Classification 

Information extraction is the last step toward the final output of the image analysis. After pre-processing the 

remotely sensed data is subjected to quantitative analysis to assign individual pixels to specific classes. 

Classification of the image is based on the known and unknown identity to classify the remainder of the image 

consisting of those pixels of unknown identity. After classification is complete, it is necessary to evaluate its 

accuracy by comparing the categories on the classified images with the areas of known identity on the ground. 

http://www.iac.ethz.ch/staff/stockli/ndvimeasurement/ndvimeasurement.html
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The final result of the analysis consists of maps (or images), data and a report. These three components of the 

result provide the user with full information concerning the source data, the method of analysis and the outcome 

and its reliability. 

There are two basic methods of classification: supervised and unsupervised classification. In supervised 

classification, the spectral features of some areas of known land cover types are extracted from the image. 

These areas are known as the "training areas". Every pixel in the whole image is then classified as belonging to 

one of the classes depending on how close its spectral features are to the spectral features of the training areas. 

Figure 6-15. shows the scheme of supervised classification. 

 
Fig. 6-15. Scheme of supervised classification. Source:LillesandT.,2008) 

Training Stage. The analyst identifies the training area and develops a numerical description of the spectral 

attributes of the class or land cover type (Fig. 6-16.). During the training stage the location, size, shape and 

orientation of each pixel type for each class is determined. 

 
Fig 6-16. Example of training polygons on a LANDSAT TM (354) and spectral characteristics of areas. 

Classification Stage. Each unknown pixel in the image is compared to the spectral signatures of the thematic 

classes and labeled as the class it most closely "resembles" digitally. The most commonly mathematical 

methods can be used in classification are the following: 

• Minimum Distance: an unknown pixel can be classified by computing the distance from its spectral position 

to each of the category means and assigning it to the class with the closest mean. 

• Parallelpiped Classifier: each class the estimate of the maximum and minimum intensity in each band is 

determined. The parallelpiped are constructed as to enclose the scatter in each theme. Then each pixel is 
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tested to see if it falls inside any of the parallelpiped and has limitation. A pixel that falls outside the 

parallelpiped remains unclassified. 

• Maximum Likelihood Classifier. An unknown pixel can be classified by calculating for each class, the 

probability that it lies in that class. 

In unsupervised classification, the computer program automatically groups the pixels in the image into 

separate clusters, depending on their spectral features. Each cluster will then be assigned a land cover type by 

the analyst. This method of classification does not utilize training data. This classifier involves algorithms that 

examine the unknown pixels in the image and aggregate them into a number of classes based on the natural 

groupings or cluster present in the image. The classes that result from this type of classification are spectral 

classes (Fig. 6-17.). There are several mathematical strategies to represent the clusters of data in spectral space. 

For example: IsoData Clustering (Iterative Self Organising Data Analysis Techniques). It repeatedly performs 

an entire classification and recalculates the statistics. The procedure begins with a set of arbitrarily defined 

cluster means, usually located evenly through the spectral space. After each iteration new means are calculated 

and the process is repeated until there is some difference between iterations. This method produces good result 

for the data that are not normally distributed and is also not biased by any section of the image. The other one is 

Sequential Clustering. In this method the pixels are analysed one at a time pixel by pixel and line by line. The 

spectral distance between each analysed pixel and previously defined cluster means are calculated. If the 

distance is greater than some threshold value, the pixel begins a new cluster otherwise it contributes to the 

nearest existing clusters in which case cluster mean is recalculated. Clusters are merged if too many of them are 

formed by adjusting the threshold value of the cluster means. 

 
Fig. 6-17. CLUSTER analysis. 1. one thematic class involves more clusters 2. the same cluster builds more 

thematic class 

Segmentation 

A supervised classification is based on the value of the single pixel and does not utilize the spatial information 

within an object. Because of the complexity of surface features and the limitation of spectral information, the 

results of traditional classification methods (pixel-based) are often mistaken, even confusion classification. Now 

a days we have some new methods based on the group of pixel. Segmentation is a process by which pixels are 

grouped into segments according to their spectral similarity. Segment-based classification is an approach that 

classifies an image based on these image segments. One of the process of segmentation employs a watershed 

delineation approach to partition input imagery based on their variance. A derived variance image is treated as a 

surface image allocating pixels to particular segments based on variance similarity (IDRISI TAIGA). Figure 6-
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18. shows the result of segmentation. The results of land cover classifications derived from remotely sensed data 

you can compared in the figure 6-19. The object-oriented classification produced more accurate results, than the 

other method. 

 
Fig. 6-18. The result of segmentation using different similarity tolerance (10,30):the larger the tolerance value, 

the fewer the image segments in the output. 

 
Fig. 6-19. The result of the pixel-based and the segment-based classification. 

5. 6.5 Applications of Remote Sensing 

The era of satellite remote sensing was open in the 1960s when cameras and electronic sensors were mounted on 

spacecraft. Nowadays there is a big assortment of satellite systems actively recording information about the 

Earth. A wide variety of imagery is available from satellites. Both active and passive sensors, operating from the 

microwave to the ultraviolet regions of the electromagnetic spectrum collect a large amount of information 

about the earth's surface every day. Each of the systems vary in terms of their spatial, spectral, radiometic and 
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temporal resolution. Those characteristics play an important role in defining which applications the sensor is 

best suited for. The main benefits of satellite remote sensing are the following: 

• The data are available for large areas: for example: 35 000km2 for LANDSAT scene, 3 600 km2 for SPOT 

scene 

• They are available on a regular basis for all points on the globe (repetitive coverage): data may be acquired 

every 1-3 days (16 days in the case of LANDSAT, 1-3 days in the case of SPOT) 

• They are objective: the sensor-transmission-reception system involves no human intervention 

• The data collected are related to the Earth surface features 

• To collect data the sensors use the wide spectrum of electromagnetic spectrum (EMS) and use several band 

(areas of the EMS) at once (LANDSAT TM 7, hyper-spectral: from tens to hundreds of spectral bands) 

• They are in digital form and geometrically corrected images can be used to provide a base to overlay other 

data or to be used as part of an analysis in a GIS environment 

The applications of remote sensing summarized in this unit are only representative, but not exhaustive. We 

focus on applications tied to the Earth surface. To show the remote sensing as data source and the benefits of 

remote sensing applications we emphasized some examples of touched fields. 

5.1. 6.5.1 Agricultural 

Agriculture plays an important role in economies of countries. The production of food is important to everyone 

and producing food in a cost-effective manner is the goal of every farmer and an agricultural agency. The 

satellites has an ability to image individual fields, regions and counties on a frequent revisit cycle. Customers 

can receive field-based information including crop identification, crop area determination and crop 

condition monitoring (health and viability). Satellite data are employed in precision agriculture to manage and 

monitor farming practices at different levels. The data can be used to farm optimization and spatially-enable 

management of technical operations. The images can help determine the location and extent of crop stress and 

then can be used to develop and implement a spot treatment plan that optimizes the use of agricultural 

chemicals. The major agricultural applications of remote sensing include the following: 

• vegetation 

• crop type classification 

• crop condition assessment (crop monitoring, damage assessment) 

• crop yield estimation 

• soil 

• mapping of soil characteristics 

• mapping of soil type 

• soil erosion 

• soil moisture 

• mapping of soil management practices 

• compliance monitoring (farming practices) 

Crop type classification 

Remote sensing technology can be used to prepare maps of crop type and delineating their extent. Traditional 

methods of obtaining this information are census and ground surveying. The use of satellites is advantageous as 

it can generate a systematic and repetitive coverage of a large area and provide information about the health of 

the vegetation. The data of crop is needed for agricultural agencies to prepare an inventory of what was grown 
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in certain areas and when. This information serves to 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. 

What kind of images can be used? There are several types of remote sensing systems used in agriculture but 

the most common is a passive system that senses the electromagnetic energy reflected from plants. The spectral 

reflection of a vegetation depend on stage type, changes in the phenology (growth), and crop health, and thus 

can be measured and monitored by multi-spectral sensors. Many remote sensing sensors operate in the green, 

red, and near infrared regions of the EM spectrum, they measure both absorption and reflectance effects 

associated with vegetation. Multi-spectral variations facilitate fairly precise detection, identification and 

monitoring of vegetation. The observation of vegetation phenology requires multi-temporal images (data at 

frequent intervals throughout the growing season). Different sensors (multi-sensor) often provide 

complementary information, and when integrated together, can facilitate interpretation and classification of 

imagery. Examples include combining high resolution panchromatic imagery with coarse resolution multi-

spectral imagery, or merging actively and passively sensed data (SAR imagery with multi-spectral imagery). 

 
Fig. 6-20. Some species (red color) of cultivated plant on satellite image 

Crop monitoring and damage assessment 

Remote sensing has a number of attributes that lend themselves to monitoring the health of crops. The optical 

(VIR) sensing adventage is that it can see the infrared, where wavelengths are highly sensitive to crop vigour as 

well as crop stress and crop damage. Remote sensing imagery also gives the required spatial overview of the 

land. 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 (Fig. 6-21.). Images can be obtained throughout 

the growing season to not only detect problems, but also to monitor the success of the treatment. Detecting 

damage and monitoring crop health requires high-resolution, multi-spectral imagery and multi-temporal imaging 

capabilities. One of the most critical factors in making imagery useful to farmers is a quick turnaround time 

from data acquisition to distribution of crop information. 
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Fig. 6-21. The problems inside the agricultural fields 

Soil mapping 

The disturbance of soil by land use impacts on the quality of our environment. Salinity, soil acidification and 

erosion are some of the problems. Remote sensing is a good method for mapping and prediction of soil 

degradation. Soil layers that rise to the surface during erosion have different color, tone and structure than non 

eroded soils thus the eroded parts of soil can be easily identify on the images (Fig. 6-22.). Using multi-temporal 

images we can study and map dynamical features - the expansion of erosion, soil moisture. Attempts to study 

land degradation processes and the necessity of degradation prediction have resulted in the creation of erosion 

models. The necessary information (parameters of the models; Universal Soil Loss Equation (USLE) to 

modeling can be often derived from satellite images. The vegetative cover is a major factor of soil erosion. 

 
Fig. 6-22. Some kind of erosion in satellite image 

5.2. 6.5.2 Forest mapping 

One of the basic applications is forest cover typing and species identification. Forest cover typing can consist of 

reconnaissance mapping over a large area, while species inventories are highly detailed measurements of stand 
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contents and characteristics (tree type, height, density). Using remote sensing data we can identify and delineate 

various forest types, that would be difficult and time consuming using traditional ground surveys. Data is 

available at various scales and resolutions to satisfy local or regional demands. Requirements for reconnaissance 

mapping depend on the scale of study. For mapping differences in forest cover (canopy texture, leaf density,) 

are needed: 

• multi-spectral images, a very high resolution data is required to get detailed species identification 

• multi-temporal images datasets contribute phenology information of seasonal changes of different species 

• stereo photos help in the delineation and assessment of density, tree height and species 

• hyper-spectral imagery can be used to generate signatures 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. 

Clear cut mapping and deforestation 

One of an important global problem is deforestation (Fig. 6-23.). There are many implications of it: in 

industrialized parts of world, pollution (acid rain, soot and chemicals from factory smoke plumes) has damaged 

a large percentage of forested land, in tropical countries, valuable rainforest is being destroyed in an effort to 

clear potentially valuable agricultural and pasture land. The loss of forests increases soil erosion, river siltation 

and deposition, affecting the environment. 

 
Fig. 6-23. Forest cuts monitoring (LANDSAT TM 1992 and 2000). Source: http://www.hso.hu/cgi-

bin/page.php?page=84) 

5.3. 6.5.3 Land cover 

Land cover mapping is one of the most important and typical applications of remote sensing data. Land cover 

corresponds to the physical condition of the ground surface, for example, forest, grassland, concrete pavement 

etc., while land use reflects human activities such as the use of the land, for example, industrial zones, 

residential zones, agricultural fields etc Initially the land cover classification system should be established, 

which is usually defined as levels and classes. The level and class should be designed in consideration of the 

purpose of use (national, regional or local), the spatial and spectral resolution of the remote sensing data, user's 

request and so on. 

Land cover change detection is necessary for updating land cover maps and the management of natural 

resources. The change is usually detected by comparison between two multi-date images, or sometimes between 

an old map and an updated remote sensing image. 
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• seasonal change :agricultural lands and deciduous forests change seasonally 

• annual change: land cover or land use changes, which are real changes, for example deforested areas or 

newly built towns. 

Information on land cover and changing land cover patterns is directly useful for determining and implementing 

environment policy and can be used with other data to make complex assessments (e.g. mapping erosion risks). 

CORINE LAND COVER 

CORINE LAND COVER is the largest databases, providing information on the physical characteristics of the 

earth surface. Satellite images are used as the main source data to derive land cover information. The number of 

participating countries currently is 39. In the beginning of the project an information system on the state of the 

European environment was established, nomenclatures and methodologies were developed and agreed at 

European level. The aim of the European Union’s CLC project was to map and get information on land cover at 

scale 1:100.000 for the whole Europe. In the beginning of 1990's the land cover of  the contemporary European 

Union countries were mapped first time using satellite images, common classification criteria and quality 

standards. Classification was done by visual interpretation. In the 2000 (CLC2000) the majority of the 

participating countries updated the CLC1990 database using the same method of interpretation of the satellite 

images (Fig. 6-24.). In addition to CLC1990 and CLC2000 also the land cover changes (1990-2000) database 

was produced. CORINE Land Cover 2006 is the third European Land Cover inventory. Multi-temporal images 

(SPOT-4/5 and IRS-P6) were used to derive the minimum 5 ha land cover changes that occurred between 2000 

and 2006. Some characteristics of the CORINE databases are as follows (Table 6-4.): 

Table 6-4. Some characteristics of the CORINE databases 
 

 
CORINE 1:100.000 CORINE 1:50.000 

Satellite images Landsat TM Landsat ETM+ 

SPOT PAN 

Date of images 1990-1992 1990-1993 

Number of categories 44 87 

Minimal extension of the 

area (ha) 
25 4 

Minimal width of the area 

(m) 
100 50 
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Fig. 6-24. Spot satellite image as input data and the result of its interpretation. Source: 

http://www.fomi.hu/corine/clc50.htm 

Remote sensing data has shown tremendous potential for applications in various field for example in land use 

mapping and detection, geologic mapping, water resource applications (pollution, lake-eutrophisation 

assessment), wetland mapping, urban and regional planning, environment inventory, natural disaster assessment 

or archaeological applications and other. In this unit we accented some examples of touched fields to show the 

remote sensing as data source and the benefits of remote sensing applications. 

6. 6.6 Summary 

This chapter summarised a basic knowledge of remote sensing. You learnt about the recording of energy by the 

sensors and you get a basic understanding of satellites, sensors and the data they collect. We discussed also 

characteristics of satellite images (digital images!) and described some procedures commonly used in analyzing 

and interpreting remote sensing images, and some of the fundamental concepts required to understand digital 

image processing. In the past section we present examples of application of remote sensing. In this chapter the 

most important components for remote sensing were covered and illustrated with image examples. 

The questions to test-yourself 

1. What is the obvious source of electromagnetic energy that we can use to detect data of the Earth surface? 

Which regions of the spectrum can we use for remote sensing? 

2. What parameters do we use to characterize radiation? 

3. What happened with energy transmitted through space? What are the atmospheric windows? 

4. What part of the electromagnetic spectra can we use to identify the different kinds of vegetation? 

5. In which part of spectra are there the best difference between soil, water and (green) vegetation? 

6. What do the following terms mean? Give some examples! 

• Spatial resolution 

• Spectral resolution 

• Radiometric resolution 

1. Compare LANDSAT and SPOT system’s sensors! 

2. Compare the panchromatic, multi-spectral and hyper-spectral sensors! 
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3. What is the goal of image enhancement? 

4. What is the difference between radiometric correction and image enhancement? 

5. What is the role of geometric correction in the image processing? 

6. List the steps of supervised classification (scheme of supervised classification) and characterize them (aims, 

methods)! 

7. Differentiate between unsupervised classification and supervised classification? 

8. What do you think why the use of remote sensing is increasing so dynamically and nowadays is 

indispensable in many fields of applications? 

9. Range and shortly characterize the main applications of remote sensing! 
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